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Introduction to public sector efficiency
António Afonso, João Tovar Jalles, and Ana Venâncio

1. THE ISSUE OF PUBLIC SECTOR EFFICIENCY

This Handbook deals with Public Sector Efficiency (PSE), which has become increasingly 
relevant, notably for policy makers, in a context of constrained fiscal space and public funding 
sources. In fact, economic agents and voters are increasingly more educated and not only 
request but also require more accountability on the use of public money. Specifically, they wish 
to understand what type of public goods and services they obtain in exchange of the amount 
of taxes paid. Indeed, and quoting a former US President,

The question we ask today is not whether our government is too big or too small, but whether it works 
(. . .). Where the answer is yes, we intend to move forward. Where the answer is no, programs will 
end. And those of us who manage the public’s dollars will be held to account – to spend wisely, reform 
bad habits, and do our business in the light of day – because only then can we restore the vital trust 
between a people and their government. 

(Barack Obama inaugural speech, 20 January 2009)

Therefore, several main questions arise. Are ‘public’ services satisfactory considering the 
level of resources allocated? Could one have better results using the same resources? Could we 
have the same results with lower public expenses? Can we measure cross-country/cross-sector/
cross-institution efficiency and determine benchmark units? Can we explain this measured 
level of public inefficiency? What factors might explain the level of public inefficiency?

Moreover, the concerns about fiscal sustainability and growing demands by taxpayers to get 
more value for public money as well as the need to reconsider the scope for state intervention 
in the economy, have prompted efforts to focus budgetary spending on more growth-enhancing 
and growth-inclusive activities and the allocation of resources within the public sector towards 
better efficiency, effectiveness and equity. This is particularly important when economies need 
to deal with exogenous health (such as COVID-19) or energy shocks (such as those generated 
from an exogenous war event such as Ukraine), which put additional pressure on strained 
public resources. In fact, taxpayers and policymakers (should) care about how public resources 
can be transformed into deliverables in terms of public goods and services. This main concern 
is illustrated in Figure I.1.

Additionally, when measuring public sector performance and efficiency, there is a need for 
good indicators and for homogenous and matching data (heterogeneity can limit the analysis), 
while key issues concern also mathematical and empirical methods and (homogeneous and 
‘right’) data to assess performance and efficiency.

Regarding commonly used methods, a number of studies applied non-parametric techniques 
to measure public sector performance and efficiency (Herrera and Pang, 2005; Afonso, et al., 
2005, 2010a, 2010b; Afonso and Aubyn, 2005, 2006; Sutherland, 2007; Adam, et al., 2011; 
Afonso, et al., 2013; Afonso and Kazemi, 2017; Herrera and Ouedrago, 2018). The underlying 
idea is simple. One or several expenditure inputs can affect one or several performance 
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indicators. For instance, in the context of Data Envelopment Analysis, the most efficient 
countries are those on the ‘frontier’ of expenditure and performance. The relative distance to the 
frontier in terms of expenditure and outcomes shows the degree of inefficiency of the countries 
not on the frontier. The analysis does not argue that the countries on the frontier are in fact fully 
efficient. But for the lack of evidence that more efficiency is possible, it is prudent to assume 
that at least countries on the frontier are efficient. Such methodologies are also used notably in 
several of the chapters of this Handbook.

Previous studies identified substantial public sector efficiency differences between coun-
tries and the scope for spending savings in several Organisation for Economic Co-operation 
and Development and EU countries (see Adam et al., 2011; Dutu and Sicari, 2016; Afonso and 
Kazemi, 2017; and Antonelli and de Bonis, 2019), as well as in Latin American and Caribbean 
countries (Afonso et al., 2013). There is also evidence that capital markets reward better public 
sector efficiency (Afonso et al., 2022), and that tax reforms are relevant for the efficiency of 
government spending (Afonso et al., 2021). To better understand these cross-country efficiency 
differences, previous studies have examined several potential drivers, such as: population size, 
education, income level, the quality of institutions (property right security, corruption and so 
on) and also the level of quality of the country’s governance, size of the government, political 
orientation, voter participation and civil service competence (Afonso et al., 2005; Hauner and 
Kyobe, 2008; Antonelli and de Bonis, 2019).

Hence, the Handbook on PSE addresses methodological and measurement issues applied 
to different economic questions with a policy angle in mind. The 19 chapters provide new 
cross-country datasets on public sector efficiency and address issues such as the importance of 
fiscal rules, public−private partnerships, state-owned enterprises and national and sub-national 
governments. It also dwells on sectoral public spending areas such as health, social protection, 
pensions and public investment. At the same time, several geographical regions and individual 
countries are covered in the efficiency analysis, such as India, China, Sub-Sahara Africa and 
OECD economies.

2. STRUCTURE OF THE HANDBOOK

The Handbook on PSE has four parts. More specifically, Part I comprises four chapters. 
Chapter 1 (by Afonso, Schuknecht and Tanzi) deals with the size of government. Chapter 2 
(by Thone) looks at the quality of public finances. It presents also new datasets of efficiency 

Resources
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Efficiency Performance

Output
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Objectives
achieved

Source:  Authors.

Figure I.1  Inputs and output of public services
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scores for 36 OECD countries, in the period 2006−17, in Chapter 3 (by Afonso, Jalles and 
Venâncio) and discusses new methodologies for assessing government efficiency in Chapter 4 
(by O’Loughlin, Simar and Wilson).

The six chapters in Part II deal with public sector efficiency and institutional quality, 
pensions, fiscal rules, public−private partnerships and state-owned enterprises. Specifically, 
Chapter 5 (by Adam and Tsarsitalidou) revisits overall public sector efficiency, Chapter 6 
(by Angelopoulos and Kammas) assesses the role of historical institutional quality for public 
sector efficiency. Chapter 7 (by Barbier-Gauchard, Baret and Debrun) deals with the relevance 
of fiscal rules for government efficiency. Chapter 8 (by Bonthuis) addresses the issue of public 
pension  spending  efficiency. The  fiscal  risks  and  efficiency of  public−private partnerships 
is the topic covered in Chapter 9 (by Schwartz, Aydin, Monteiro and Rial). Chapter 10 (by 
Medas and Sy) examines the main drivers of state-owned enterprises’ efficiency and what 
governments can do to get the most out of them.

The five chapters in Part III address the government spending efficiency issues of second-
ary education, tertiary education, public health spending and social protection spending. It 
also deals with the issues related to the efficiency of public investment. Therefore, Chapter 11 
(by Sutherland) looks at compulsory education efficiency in OECD countries. Regarding also 
OECD economies, Chapter 12 (by Agasisti) studies the efficiency of higher education institu-
tions. Chapter 13 (by Barros and Costa) addresses the question of efficiency of public health 
spending in European countries. In Chapter 14 (by Coady and Jahan) the topic under analysis 
is the efficiency of social protection spending for 28 European Union countries. Chapter 15 (by 
Fournier and Gonguet) discuss the efficiency of public investment and implications in terms 
of an optimal level of public investment.

On the other hand, the five chapters in Part IV cover efficiency issues in different geog-
raphies. Notably regarding Colombian departments in Chapter 16 (by Gutiérrez-Arango, 
Giménez, Osorio-Barreto and Prior), Indian states in Chapter 17 (by Mohanty, Bhanumurthy 
and Sahoo), science and technology activities in Chinese Universities in Chapter 18 (by Song, 
Ren, Yang and Guan) and government spending in Sub-Sahara Africa in Chapter 19 (by 
Olanubi and Olanubi).

Finally, the Handbook will be an important reading reference for those academics, 
policymakers, international institutions, students and the general public, with an interest in a 
specific applied topic covered in one of the several chapters. Indeed, the authors of the several 
chapters are affiliated to academia, Central Banks, the IMF, the OECD and other international 
organizations.
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1. The size of government
António Afonso, Ludger Schuknecht, and Vito Tanzi

1. INTRODUCTION

The role of government and the money it spends to fulfill its role has been one of the key ques-
tions of economics and political philosophy for centuries. However, only over the past 150 years 
has the spending role of the state developed significantly and, thus, has started a vivid debate on 
the appropriate role and size of government. And only over recent decades, when governments 
had grown significantly in size have methodologies emerged to measure, assess and advise on 
the size, performance and efficiency of government and on the underlying policies.

Government expenditure mostly takes place via the budgets of different levels of govern-
ment. The sum of this spending is typically referred to as the size of government. Public 
spending, which we use as a synonym, comprises spending on various tasks of government. 
These can be categorized according to an economic classification – consumption, investment, 
interest, subsidies and transfers – or a functional classification – education, defense and so on 
(for details see OECD, 2019c).

The size of government is derived from its spending role in an economy and this is linked to 
the question of what governments do and should do. In this chapter, we link public spending 
with the role of government and describe how much governments spend and what they spend 
it on. We also reference non-budgetary expenditure and fiscal risks for government as these 
are also part of the ‘size’ of government in a broader sense. Whether government performs its 
spending role well in terms of objectives, performance and efficiency is subject to analysis and 
will be discussed in later chapters of this volume.

The remainder of this chapter is organized as follows. Section 2 discusses what the govern-
ment should do. Section 3 addresses the issues related to how government should intervene 
and spend. Section 4 reviews the size of government from a historical perspective. Section 5 
illustrates in a stylized way the composition of public expenditure. Section 6 concludes.

2.  WHAT SHOULD GOVERNMENT DO?

In the distant past, when individuals made a living by hunting and fishing or by subsist-
ence agriculture, there was no or little need for a government in today’s sense of the word. 
Consequently, there was no sense in asking what a government should do. Individuals and 
families were largely on their own and were free to pursue their individual interests and to 
satisfy their needs in the best way they could. Their (very low) standards of living depended 
on their personal ability to collect food and to protect themselves against natural elements and 
other dangers. At that time, the actions of individuals were not likely to generate significant 
externalities that could affect, positively or negatively, other individuals,

With the passing of time individuals started to see the advantages that could come from 
aggregation and from operating in groups, first small groups and then progressively larger 
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ones. They also started to make distinctions between activities and needs that could best be 
satisfied through their independent actions and needs that could be better satisfied though the 
collective action of the group. As the groups became larger and more stable (in terms of loca-
tion and membership), and less homogeneous in the abilities and the attitudes of the individuals 
that composed them, a process of selection started to develop. The individuals in the groups, or 
the communities, started to be differentiated into different categories, and specialized in their 
jobs, to better satisfy the perceived, collective needs. Productivity increased as specialization 
spread, as Adam Smith in 1776 so eloquently described.

The satisfaction of a particular community needs to cater to different groups of individuals 
who were assumed to have greater abilities to deal with those needs. Castes or classes started 
developing (see Brown, 2005). Some individuals assumed the task of providing protection 
against dangers coming from the outside. Some (sorcerers, priests and others) were assigned 
the task of communicating with the gods or the divinities. Others took on the more mundane 
tasks of providing food and dealing with other daily needs of the community. Interaction and 
exchanges increasingly took place in markets, using some form of money as a medium of 
exchange (see, for instance, Brown, 2005, Mishkin, 2004).

The larger communities saw also the necessity, or the convenience, of having some 
individuals or some small groups assume the responsibility of making rules for the behavior 
of the individuals in the community. These were embryonic forms of government, and the 
assignments of the responsibilities described above were rarely made democratically. Much 
political science literature has shown that governments generally came into being out of the 
domination by one group over the rest of the community (see Loria, 1886 and Mosca, 1896). 
There are probably no examples in history of governments that were born as democratic and 
in which all individuals had equal political power and equal individual freedom.

In recent centuries, especially in the nineteenth century, several, then more advanced, 
countries started showing traits that could be called democratic. Some individuals were given 
the constitutional right to vote and, through their vote, to influence government policies. 
With time, this right was progressively extended to larger groups, including individuals who 
had no property, some of whom had been effectively serfs or even slaves in the past, and to 
women (see Tanzi, 2020a).This process of increasing democratization was happening at a time 
when markets were becoming larger in number of participants and in territories covered; and 
they were becoming freer from government meddling than they had been during the earlier, 
mercantilist times described by Adam Smith and by others. Democratic countries with market 
economies required some rules to guide the behavior of the citizens and to protect some of 
their rights, while restricting abuses by fellow citizens and the arbitrary power of governments.

This led to the important question of what the economic role of governments in countries 
that were democratic and that depended on free markets for the provision of goods and services 
needed by citizens and for the generation of incomes to those who provided the factors of 
production should be. What should the scope and limit of government intervention in these 
societies be? Although the latter question had been raised occasionally, over earlier centuries, 
by some philosophers and early economists, it had been raised in broader and more political 
contexts. In the nineteenth century this became a more important and more specific question, 
at a time when governments were becoming more democratic, and markets freer.

In the nineteenth century, two contrasting schools of thought competed in the market for ideas, 
and they gave very different answers to the above question. The two schools were laissez faire 
and socialism. Notably, Mill (1848) and several other economists argued that laissez faire should 
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be the general practice, and anything else would be unwelcome, while the socialist view would 
postulate a stronger government presence in the economy and in society (see Engels, 1880, and 
the overview of Musgrave, 1985). Both of these schools became intellectually and politically 
important and attracted followers and influence among the common citizens and the intellectuals 
of the day. Generally, those who owned wealth tended to favor laissez faire, while many workers 
were attracted by the socialist ideas. This fact started to influence some policies, as for example 
it did the Bismarck pension reforms in Germany in the late nineteenth century, when socialism 
had become very influential in Germany and in other countries (see Ashley, 1904).

The laissez faire school, which was more unified intellectually than the socialist school, 
had its beginning with the work of Adam Smith in 1776, and later had come to be influenced 
by the Darwinian evolutionary theory. It maintained that the role of the government should be 
limited and should not interfere with the natural evolution of societies. A free-market economy 
would deliver more progress and, over the long run, it would promote growing standards of 
living for the whole population.

The laissez faire school stressed the need to protect property rights and the rights of citizens 
to engage in legitimate economic activities, without the need for government authorization. 
It paid little attention to the distribution of income or to some, obvious, failures that existed 
in the market, including monopolies. It stressed the importance of individual liberty and the 
contribution that personal initiative made to economic activities. A basic assumption was that, 
in a free society with a free market, anyone willing to work would be able to find a job and 
to earn a living income. In such a society, property owners inevitably had more political and 
economic power than workers. Property rights tended to receive more government protection 
than the rights of workers to be well paid and to work in safer jobs. Social and distributional 
objectives were not seen as a core role of government.

The socialist schools, of which there were several branches, some much more radical than 
others, were concerned with the masses, with the distribution of income, and with the status 
of the workers. They were critical of property rights, and much less interested in individual 
liberty. They advocated a larger economic role of the state and pushed for high public spend-
ing. Some versions of socialism (especially the Marxist version) advocated the expropriation 
of property and the creation of governments which, through central planning, would direct 
production and the distribution of income toward the satisfaction of the ‘basic needs’ of the 
masses.

Both sides often held extreme views. Socialists saw the market role in much less favorable 
eyes and many of them considered property as a ‘theft’. Just how extreme laissez faire had, 
at times, become can be seen by the reaction of the leading Italian economist at that time, 
Francesco Ferrara. In the 1850s he wrote that, by imposing an import duty, the US federal 
government had committed ‘a sin as grave as that of slavery’. Similar extreme views were 
expressed by other leading economists, such as F. Bastiat, Gustave de Molinari and J. B. Say 
in France. In Germany, a socialist economist, Lassalle, was jailed for advocating in a lecture 
in Berlin a progressive income tax, which would be ‘a single progressive income tax in state 
and community, instead of all existing taxes, especially the labor-crushing indirect tax’ (see 
notably Spahr, 1886).

In the second half of the nineteenth and during the twentieth century, the problems that 
totally free markets faced in the real world were being addressed by some economists. 
Monopolies, which were common and were generating enormous incomes for some individu-
als, had started to be regulated (Wicksell, 1896, see Musgrave and Peacock, 1958). Some rights 
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of workers (to organize, to strike and to have their working hours limited) were recognized and 
limits were imposed on the age at which children could work. Safety standards in workplaces 
were strengthened. Pension and other insurance schemes started to be created for workers 
and school attendance of children became mandatory. During the Great Depression, a new 
important government role, to fight economic recessions, would be theorized by Keynes in The 
General Theory in 1936, and it would become a government responsibility during the second 
half of the twentieth century.

In the decades after World War II, the pure laissez faire ideology of earlier years was in 
retreat. There was increasing skepticism, even on the part of many orthodox economists, about 
the assumed efficiency of the market without corrections. In addition, there was less tolerance 
for the income distribution that the free market generated. Progressive income taxes became 
more popular. In the years after World War II, there was an intense search by economists for 
market failures, beyond the supplementary role for which public goods had been known. 
There was a search for ways to make the income distribution more equitable. Monopolistic 
competition came to be seen as influencing many markets (Robinson, 1933; Chamberlin, 
1948; Musgrave, 1985).

In the late nineteenth century, the size of government was still very small, given in part to 
the prevailing view of its limited role (see section 4). This changed, first, over two World Wars 
and subsequently with the ascent of the welfare state so that, in particular, the post-1960 period 
witnessed fast increases in public spending and in tax levels in advanced countries. It also saw 
a growing use of regulations, to deal with externalities that were assumed to have negative 
consequences for individuals or for the environment. It was clear that the economic role of 
the state had changed. It had become larger in countries that were still considered market 
economies (Tanzi and Schuknecht, 2000).

Government intervened to deal with: (a) pure public goods and quasi-public goods;  
(b) various market failures; (c) negative externalities; (d) business cycles; (e) income 
maintenance for individuals and families unable to earn a living; and, (f) finally, it intervened 
to make the income distributions closer to what voting societies expected them to be. Tax 
levels and tax revenues’ ratios over Gross Domestic Product (GDP) went dramatically up, 
and tax systems became more progressive and, especially in some countries, more complex. 
New government programs were created, some aimed at dealing with universal risks (illness, 
disability, unemployment, old age and illiteracy) others, that were means tested, focused 
on economic problems of particular individuals and families. The composition of public 
expenditure that in the aggregate makes up the size of government is discussed in depth in 
section 5.

The growing economic role of the state, which Keynesian economists had propagated, was 
inevitably controversial. Conservative and libertarian economists, from the Chicago School, 
the Austrian School and the new School of Public Choice, were highly critical of the new 
government role. They believed that it created inefficiencies, reduced economic growth, intro-
duced privileges for special interests and reduced the freedom and the incentives of individuals 
who would come to depend on a ‘nanny state’. These critics believed that a state that reduced 
incentives for individuals and made them more dependent on the government had reduced the 
vitality of economies and economic growth.

For instance, one strand of economics tends to argue that the size of government reflects 
social preferences in more government and supports more redistribution to correct market 
failures (including Wagner’s law of governments producing superior goods). Other political 
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economists have emphasized the role of institutions in shaping the size of government and 
pointed to political market failure in leading to governments being bigger and less efficient 
than they should be. The size of government is affected by voting rules (Husted and Kenny, 
1997), interest group competition (Becker and Mulligan, 2003), party preferences (Bräuninger, 
2005), political centralization (Fiva, 2006), the prevailing income distribution (Meltzer, 1983) 
and the degree of openness and globalization (Shelton, 2007; Rodrik, 1998; Potrafke, 2009; 
Dreher et al., 2008).

Many studies have assessed the impact that a larger economic role of the state was having 
on macroeconomic performance and other objectives (for surveys see the relevant chapters 
in this volume). As is often the case in these attempts, the a priori political biases of those 
who made the attempts often predicted the results. Conservative economists tended to find 
higher negative results from the higher government role, while social democrat economists 
tended to minimize the negative impact of that role. The bottom line is that it is difficult to 
conclude definitely that countries that spend more, such as various European countries, have 
performed less well than the countries that spend less, such as the Anglo-Saxon countries, 
taken as a group. Afonso and Jalles (2016) report that the detrimental effect of government 
size on economic activity is stronger the lower institutional quality and the positive effect of 
institutional quality on output increases with smaller government sizes. Often the way in which 
the money is spent and the way in which the taxes were collected is more important than the 
size of the spending and of the taxing (see Tanzi, 2020a and 2020b).

Naturally, the macroeconomic performance of the economy, though important, is just one 
measure of the impact of the role of government on economic welfare. In recent decades the 
importance of that measure has been challenged by observers who have pointed out that much 
of the economic growth, in several countries including the United States, has benefitted a small 
share of the population, while the large majority has seen little improvement in its standard of 
living. Therefore, there may have been growth but, by other measures, there may have been 
little genuine development or improvement of wellbeing (Hessami, 2010). For example, the 
recent, inequality-adjusted Human Development Index, prepared by the United Nations, lists 
high and low spending countries among the top performers (Davies, 2009).

It may, therefore, be possible and legitimate to focus on the impact that a larger government 
role has not only on economic growth but also on various socio-economic indicators that 
are considered important (see related chapters of this volume, also Tanzi and Schuknecht, 
1997; Afonso et al., 2005; Schuknecht, 2020). Another important dimension of this theme is 
the interaction between the role and efficiency of the public sector and its susceptibility (or 
resilience) to crisis and (external) credibility for investors.

As an illustration, Figure 1.1 depicts several cases of the performance and efficiency in a 
European Union country sample, in 2000, where both performance and efficiency of govern-
ment spending can go hand in hand.

3.  HOW SHOULD GOVERNMENT INTERVENE AND SPEND?

It is very difficult, or perhaps even impossible, to provide a simple and universally appropriate 
list of ways in which governments should intervene in the economy, and of how much they 
should tax, spend and regulate. Different governments may aim at promoting different objec-
tives, and there is no universally unquestioned way to select a list that may be optimal for all 
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societies. That list may give prominence to economic growth, without much concern for how 
the growth is distributed among the citizens. It could give prominence to the promotion of 
important socio-economic indicators, giving more weight to the importance of some of them. 
It could promote protection against risks and it could choose the promotion of a more equal 
income distribution, and other options.

In the past, economic growth received much attention. In today’s democratic countries 
the decision on the preferred objective must be made in the democratic political process. 
Governments must also respect basic, fundamental, human rights, to protect minorities from 
possible excesses promoted by the majority, including protecting property rights, as stressed 
by the school of public choice. In fact, this has been a basic condition for many constitutions.

Whatever the main objective chosen is, it is important that the government’s intervention 
not be arbitrary and that it respects some basic rules and promotes efficiently the use of scarce 
resources. It should not become a major drag on the economy, as it has in some countries in the 
past and present. The intervention should promote indicators that contribute to the economic 
and social welfare of the citizens. Too much emphasis on single variables, be these the growth 
of GDP, or changes in the Gini coefficient, is generally not desirable. Economists who sug-
gest a single objective or a short list of objectives generally ignore the diversity of countries’ 
situations. They thus risk stating criteria that often are not necessarily desirable or important.

Advanced countries have a different capacity to intervene, and different needs for their 
governments to do so, than developing countries. This difference has been recognized for 
a long time (see Newbery and Stern, 1987 and Tanzi, 1991 and the public finance literature 
related to developing countries). Countries with more even income distributions may have 
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Figure 1.1  Illustrative evidence on public sector performance and efficiency, 2000 
(considering general government spending)
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different reasons and justifications for the government to intervene than countries that feature 
more inequality. Countries with more efficient markets, in which the incomes received are 
considered as incomes genuinely earned and not considered rents, have more trust in the 
market and thus, in principle, less justification for governments to intervene, than countries 
with less efficient markets.1

Governments with public employees who respect Weberian criteria of behavior have more 
ability to intervene successfully than those with less efficient, politically chosen and less honest 
employees. When governments are less corrupt and more efficient, there is, in principle, more 
scope for government activity while inefficient, rent-seeking governments should be smaller 
(Dzhumashev, 2014). Additionally, countries that give more weight to the objectives of the 
collectivity (such as a more even income distribution or better management of universal risks) 
have more reasons for governments to intervene than countries where individual freedom is 
given more weight.

The first, main reason for government interventions is the provision of classic public goods. 
Of these, so-called pure public goods (defense, judiciary and security) are a government 
intervention on which most economists have agreed. However, the real-world problem with 
this intervention is that, while there is agreement that governments must intervene and must 
provide public goods, there is no guidance on how much of those goods should be provided. 
The theory does not provide clear guidance on what is the optimal amount of defense spending; 
or how much should be spent for providing protection to individuals and property; or for justice 
or infrastructure. The political debates in countries are focused not on whether the government 
should provide these public goods but on how much of them it should provide. In this, the 
theory is not helpful.

The debates are sharper in the provision of so-called quasi-public goods (education, health 
and some other provisions) for which the justification on allocation grounds combines with 
that on equity grounds. When a government (or private providers financed by government) 
is not providing good public schools, or good health services for everyone, it is creating dif-
ferent income opportunities for different categories of citizens, and it is perpetuating income 
differences across different categories of citizens. In this case, what has been called the ‘birth 
lottery’ ends up determining the future life incomes of many citizens. Countries where citizens 
care about avoiding large, permanent, income differences among them are more likely to want 
publicly financed good schools and good health services for everyone, to create more equal 
opportunities. This objective requires higher taxes and public spending.

In this context, increasing tax rates will generate deadweight burden, and the heavier the 
tax rates, the less they may yield relatively. The loss of utility for the individual taxpayer 
increases with the square of the tax (Dupuit, 1844, pp. 281). Additionally, Afonso and Gaspar 
(2007) illustrate numerically that financing through distortional taxation causes excess burden 
(deadweight loss), magnifying the costs of inefficiency.

The above arguments have implications for the level of public spending, the composition 
of expenditure and for the structure of the tax systems needed to finance the spending. Public 
programs that aim at dealing with the universal risks of all citizens, or that aim at creating more 
equal opportunities for more citizens, are inevitably more expensive, and must be financed 
by broader-based taxes requiring lower marginal tax rates than means-tested programs. The 
alternative of having means-tested programs, accessible by only selected groups, and accom-
panying them with ‘tax expenditure’, as the United States and some other countries have done, 
reduces the level of taxes and spending but leads to other difficulties (Tanzi, 2020a).
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Finally, an issue that has been highlighted by the 2020 COVID-19 pandemic is that the 
traditional literature on the desirable economic role of the state has dealt with that role in 
equilibrium situations, and with changes at the margin of the equilibrium created by the 
political market. In other words, it has not dealt with shocks to the system when the role of 
the state may become especially important. We know that, during major wars, the government 
role changes and becomes particularly important. Price controls, rationing, appropriation of 
resources, very high marginal tax rates and other policies that are not market friendly are used. 
Many years ago, Peacock and Wiseman, in a classic 1961 book, also argued that wars had even 
changed permanently the economic role of the state.

Shocks to the economic systems of countries may come from major wars, natural catas-
trophes, depressions, revolutions, pandemics and other calamities. Limited government 
intervention may become less optimal in a world that is subjected to occasional, existential 
shocks. Such shocks often reveal major gaps in the role of the state. Still, it remains an open 
question as to whether additional resources for government would actually be spent on making 
countries more resilient against major shocks. The COVID-19 pandemic is a case in point: 
countries with very large public sectors and countries with smaller public sectors all struggled 
to address the issue.

With these considerations in mind, it comes as no surprise that there is no conclusive 
result on how big government should be and what its optimal size is. In earlier work, two of 
the authors of this chapter had suggested that, when the promotion of several, un-weighted, 
socio-economic indicators is the objective of the policy, a level of public spending of around 
30–35 percent of GDP may set the desirable limit (Tanzi and Schuknecht, 2000). And earlier 
work by all three authors had focused on the quantitative connection that may exist between 
the level of public spending and some important socio-economic indicators (Afonso et al., 
2005, 2010a). They found that, if these indicators reflect the desirable objectives, lower levels 
of public spending are possible.

As to the literature on the presumably ‘optimal’ size of government, lower estimates of gov-
ernment spending are below 20 percent for certain advanced countries (Vedder and Gallaway, 
1998). Many estimates are in the 30 percent to lower 40 percent range, although optima differ 
very much across countries (Tanzi and Schuknecht, 2000; Pevcin, 2004; Facchini and Melki, 
2013; Fort and Magazzoni, 2010; Schuknecht, 2020). Actual public expenditure is mostly 
significantly higher, suggesting the potential for considerable expenditure savings in many 
countries, even when considering the need for some spare capacities in the provision of certain 
public goods such as health or defense to deal with big shocks and emergencies. It could be 
added that some countries, including Sweden, Canada and others, in the 1990s dramatically 
reduced public spending while suffering no visible adverse consequences (Schuknecht and 
Tanzi, 2005).

4.   THE SIZE OF GOVERNMENT FROM A HISTORICAL PERSPECTIVE

4.1 Public Spending Since the Late Nineteenth Century

Over the past 150 years, the size of government developed in line with the evolving thinking 
about its role and its capacity to raise taxes (see Tanzi, 2018). Moreover, in recent decades it 
reflected increasingly the growing role of social spending and the creation of the welfare state.
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In the late nineteenth century, at the time when laissez faire was still the dominant economic 
philosophy, government only absorbed a very limited share of economic resources in the coun-
tries that are today’s advanced economies. About 1870, when data on public finances started 
to be available in more countries, public expenditure averaged only 11.1 percent of GDP 
(Table 1.1).2 Switzerland and Australia featured as ‘big’ governments, exceeding 15 percent 
of GDP, while Sweden and the United States reported spending well below one-tenth of GDP. 
This picture had not changed much before the beginning of World War I, excepting that the 
later warring countries, Austria, Germany and France, joined the group of relatively ‘high’ 
public spending. Public revenue in peace times was broadly in line with public expenditure, 
following a (mostly) unwritten rule of balanced budgets outside wars.

With World War I, public expenditure and revenue increased considerably and the protago-
nists of World War I reported the highest expenditure ratios: Germany, France, Italy and the 
United Kingdom governments spent more than one-quarter of GDP on the back of continuously 
high receipts after the war (Peacock and Wiseman, 1961). Just before World War II, public 
expenditure ratios had increased somewhat further to an average of 23.4 percent in today’s 
advanced countries, partly in the wake of the Great Depression and partly already reflecting 
war preparations (Tanzi and Schuknecht, 2000). In the 90 years since 1870, the public expendi-
ture ratio had hence roughly doubled from one-ninth to almost one-quarter of GDP.

4.2 Public Expenditure Since about 1960

In the next 60 years, public expenditure ratios doubled yet again and, yet again, there were 
some distinct waves. After World War II, war-related expenditure declined while some other 
spending increased so that the overall spending ratio increased modestly to 27.9 percent of 
GDP by 1960 for the reported country sample. This reflected the buildup of basic safety nets 
over previous decades as well as growing public services such as education and infrastructure. 
Some European countries reported the largest public sectors, with Austria and France reporting 
around 35 percent of GDP. Spain, Japan and Switzerland still featured total public expenditure 
below 20 percent of GDP. Revenue and expenditure had been mostly well aligned since World 
War II, so that, on the back of strong growth and some inflation, public debt had come down 
significantly across the industrialized world.

The period from 1960 to 1980 saw an unprecedented increase in public expenditure by 
15 percentage points of GDP on average in just 20 years. This was the heyday of Keynesian 
economics when governments actively developed public services and welfare states to today’s 
universal systems in many countries. While public expenditure averaged 43 percent in the 
reported country sample, it exceeded 50 percent of GDP in the small European countries 
of Austria, Belgium, the Netherlands, Denmark and Sweden. Another group of countries’ 
governments, including most non-European countries, were still ‘only’ absorbing one-third of 
national resources, although this was also much above the level of 1960.

The biggest difference to earlier peacetime episodes was perhaps the growing misalign-
ment of expenditure and revenue. By 1980 and growing thereafter, fiscal deficits had become 
significant and chronic. Public debts grew together with rising real interest rates and fiscal 
deficits. The strong increase in sovereign debt from the 1970s continued throughout the 
coming decades in most countries.
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Table 1.1 Total expenditure by general government (% of GDP)

About 
1870

About 
1913

About 
1920

About 
1937 1960 1980 2000 2017

Euro area         
Austria 10.5 17.0 14.7 20.6 35.7 50.0 51.0 49.1
Belgium 1/ .. 13.8 22.1 21.8 30.3 54.9 49.1 52.2
Finland .. .. .. .. .. 40.0 48.0 53.7
France 12.6 17.0 27.6 29.0 34.6 46.3 51.4 56.5
Germany 10.0 14.8 25.0 34.1 32.9 46.9 44.7 43.9
Greece .. .. .. .. .. .. 46.4 48.0
Ireland 2/ .. .. 18.8 25.5 28.0 48.9 30.9 26.1
Italy 13.7 17.1 30.1 31.1 30.1 40.6 46.6 48.9
Netherlands 1/ 9.1 9.0 13.5 19.0 33.7 55.2 41.8 42.6
Portugal .. .. .. .. .. 32.3 42.6 45.9
Spain 1/ .. 11.0 8.3 13.2 18.8 32.2 39.2 41.0

Other EU  

Denmark .. .. .. .. .. 52.7 52.7 51.9
Sweden 5.7 10.4 10.9 16.5 31.0 60.1 53.4 49.1
UK 9.4 12.7 26.2 30.0 32.2 47.6 35.4 41.1
Other advanced economies
Australia 18.3 16.5 19.3 14.8 22.2 33.6 36.4 36.4
Canada .. .. 16.7 25.0 28.6 41.6 41.4 41.1
Japan 8.8 8.3 14.8 25.4 17.5 32.0 38.0 39.2
Korea .. .. .. .. .. 23.0 24.7 32.4
New Zealand .. .. 24.6 25.3 26.9 38.1 37.5 38.7
Singapore .. .. .. .. .. .. 19.6 ..
Switzerland 16.5 14.0 17.0 24.1 17.2 32.8 33.8 34.7
US 7.3 7.5 12.1 19.7 27.0 34.9 33.7 37.8
Average 3/ 11.1 13.0 18.9 23.4 27.9 43.2 42.7 43.9

Median 10.0 13.8 17.9 24.6 29.4 41.1 41.6 42.6
Standard 
Deviation 6.3 7.1 10.2 11.8 13.7 15.6 9.0 11.9

Notes: 1/ Central government until 1937. 2/ When taking GNP instead of GDP for Ireland, the ratios for 2000 and 
2017 are 35.5% and 32.9%, respectively. 3/ Unweighted, excluding SGP (Singapore) and KOR (South Korea).

Sources: Schuknecht (2020), based on Organisation for Economic Co-operation and Development (OECD), 
Ameco, World Economic Outlook (WEO), Tanzi and Schuknecht (2000). Year indicated or nearest year available.
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In the 1980s and 1990s, skepticism about ‘big’ government and a more market-friendly 
intellectual environment (referred to above) resulted in a major slowdown in public expendi-
ture dynamics. By the year 2000, average expenditure ratios were not very different from 
1980. A significant number of countries had undertaken expenditure reforms in the 1980s and 
1990s so that expenditure ratios had declined significantly, by more than 5 percent of GDP in 
Belgium, Ireland, the Netherlands, Sweden and the United Kingdom. By contrast, Finland, 
France, Italy, Portugal, Spain and Japan experienced further increases in the public spending 
ratio by over 5 percent of GDP.

The 2000s were quite a rollercoaster but, on the whole, Keynesian and pro-government 
thinking had a major revival. Buoyant spending in the boom years of the early 2000s were 
succeeded by an explosion of public expenditure ratios following the financial crisis. A number 
of European countries undertook major expenditure savings and reforms.

The year 2017 saw total public expenditure ratios only moderately above the level of 2000 
(43.9 vs 42.7 percent of GDP). However, this understates the ‘true’ increase in the role of 
government. Discounting the decline in interest spending, primary expenditure (total minus 
debt service) increased by 3 percent of GDP. In 2017, Belgium, Denmark, Finland and France 
reported the highest public expenditure ratios, above 50 percent of GDP. Most non-European 
countries reported a public expenditure of below 40 percent of GDP and spending in Ireland 
and Singapore was even below 30 percent of GDP. In several, notably large countries, includ-
ing the United States, France, Japan, Italy and Spain, deficits were still significant, leaving 
public debt much above pre-financial crisis levels.

In this environment, the COVID-19 pandemic struck in early 2020. Estimates and 
projections by the International Monetary Fund (IMF) for advanced countries from the 
autumn of 2020 suggested a further major increase in expenditure ratios in 2020 that was 
expected to partially reverse with the recovery projected for 2021. Expenditure ratios 
were expected to increase by an average of about 9 percent of GDP to 52 percent of GDP 
in 2020 (Table 1.2 based on the same sample as Table 1.1). Top ratios would rise above 
60 percent of GDP.

Rather than focusing on the details, it is more important to take note of the pattern: just as 
during the global financial crisis, expenditure ratios were expected to increase massively and 
very rapidly before declining again. In the global financial crisis, expenditure ratios increased 
between 4 percent of GDP in less affected countries and up to 11 percent of GDP in the most 
affected ones (Schuknecht, 2020). This also caused major increases in the public debt ratio in 
both episodes.

4.3 Expenditure Across Country Groups

It also interesting to look at public expenditure across country groups from a global perspec-
tive (Table 1.3).3 Advanced countries had the highest expenditure ratios in the late 2010s. 
General government spending amounted to 42 percent of GDP in 2018. Amongst emerging 
market economies in Europe and Asia, public expenditure ratios were typically close to those 
prevailing in the advanced countries with smaller government sectors. Most Eastern European 
countries feature public expenditure between 30 and 40 percent of GDP, and Russia and China 
fall into the same range (Table 1.4). Note also the significant rise in public expenditure ratios 
during the COVID-19 pandemic, although the increase was more moderate than for the aver-
age of advanced countries.
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Table 1.3 Total expenditure by general government, by country groups (% of GDP)

2017/18
Advanced 42.0
Emerging & Developing 32.5
G20 38.1
Africa 27.3
Latin and North America 36.6
Asia/Oceania 30.6
Europe 44.3

Sources: OECD, IMF, Schuknecht (2020).

Table 1.2 Total expenditure by general government (% of GDP)

Country 2019 2020 2021
Austria 48.2 58.3 52.5
Belgium 52.3 61.3 56.4
Denmark 49.7 57.1 53.7
Finland 53.2 59.9 57.6
France 55.6 63.1 59.1
Germany 45.2 53.9 49.0
Greece 46.2 57.3 51.3
Ireland 24.2 29.4 26.3
Italy 48.7 59.7 53.8
Netherlands 42.3 48.5 46.1
Portugal 42.7 50.5 47.3
Spain 41.9 52.7 48.0
Sweden 48.3 53.3 49.1
Switzerland 32.7 37.3 34.0
UK 38.6 53.1 45.6
Other advanced economies
Australia 38.5 44.5 44.1
Canada 41.2 57.3 46.1
Japan 37.7 48.1 40.3
Korea 22.6 26.1 25.2
New Zealand 40.0 46.7 44.5
Singapore 14.3 28.5 16.1
US 35.7 47.2 37.4
Average 1/ 43.1 52.0 47.1

Note: 1/ Unweighted average without Korea and Singapore.

Source: IMF, Fiscal Monitor, October 2020.
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Table 1.4  Total expenditure by general government, Eastern Europe, Russia and China  
(% of GDP)

 2017 2020 Est.
Czech Republic 38.9 47.4
Estonia 39.2 44.7
Latvia 33.5 42.5
Lithuania 29.7 42.0
Hungary 46.5 50.9
Poland 41.2 48.9
Slovakia 40.4 48.8
Russia 34.8 38.8
China 32.3 37.0

Sources: IMF, WEO Oct.

The average for emerging and developing countries stood at 31.3 percent of GDP in 2018 
and, in a few countries, public expenditure was even below 20 percent of GDP (Annex 
Table A1.1).4 Setting these numbers in perspective with the history for advanced economies 
shows that the size of governments in developing and emerging countries in the late 2010s was 
close to levels prevailing in advanced economies in the early 1960s.

Comparing continents, Europe reported the highest public expenditure ratio, near 
44.3 percent of GDP, in 2018. In much of Southern and Northern Europe, this ratio was closer 
to 50 percent. Public expenditure in Latin and North America stood at 36.6 percent and Asia/
Oceania at 30.5 percent. It is interesting to note that, amongst the large emerging economies 
outside Europe, Brazil reports the highest expenditure ratio at 41.6 percent, which is near 
the industrial country average. China at 37.6 percent, India at 27.7 percent and Indonesia at 
22.2 percent show much smaller public sectors.

In Africa, spending ratios averaged 27.3 percent, ranging from over 40 percent of GDP in 
South Africa to well below 20 percent in Ethiopia and Nigeria. These differences reflect dif-
ferences in development stages (poorer countries spend and tax less) and in the assigned role 
of government (Asia and America seeing less of a role for government than much of Europe). 
They also reflect the ability of governments to raise tax revenue (see Tanzi, 2018).

Naturally, it is not straightforward to accurately identify the effects of public sector spending 
on outcomes such as economic growth, and to distinguish the effect of government spending 
from other determinants. Moreover, comparing expenditure ratios across countries implicitly 
assumes that production costs for public services are proportional to GDP per capita.

4.4 Expenditure Obligations Outside the Budget

Over the past three decades, it has become increasingly evident that budgetary expenditure 
does not provide a complete picture of government expenditure obligations. Due to the fact that 
population aging, expenditure on old-age benefits and notably health, pensions and long-term 
care, are likely to create dynamic needs in the future, the increase in social expenditure in the 
coming three decades could well be several percent of GDP even under optimistic assumptions 
(OECD 2017a,b and 2019a,b,c; EU Commission, 2018; Schuknecht, 2020).
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Moreover, financial crises (and, most recently, the COVID-19 pandemic) periodically cause 
sustained major expenditure increases. In the Global Financial Crisis, countries like Ireland 
or Greece spent more than 30 percent of GDP on bank recapitalization (IMF, 2015). Other 
transmission channels from the financial sector to public finances can also lead to significant 
costs (Schuknecht, 2019).

5.  THE COMPOSITION OF PUBLIC EXPENDITURE

5.1 Public Expenditure Composition from an Economic Perspective

Total public expenditure can be decomposed in two ways. From the economic perspective, 
public expenditure consists of public consumption or real expenditure (broadly, spending 
on goods and services, wages and salaries), investment (mostly infrastructure and build-
ings), the service of public debt (interest payments), transfers (mostly social benefits) and 
subsidies (to enterprises or consumers). Most countries and international organizations 
such as the OECD and the IMF publish the relevant statistics and describe the underlying 
policies.

In the advanced countries, public consumption and transfers/social benefits are the most 
important expenditure components, accounting together for roughly 80 percent of spending 
(Table 1.5a). Wages and salaries for civil servants account for over 20 percent. Public invest-
ment is another 5–10 percent of the total.5 Subsidies and interest expenditure are rather small 
components in most advanced countries.6

Table 1.5  Public expenditure composition, general government, 2018 or latest available 
year (% of GDP)

a. Economic classification

Country 
groups

Total 
spending

Public 
consumption

Compensation 
of employees

Government 
investment

Net interest 
payments Transfers

OECD 41.5 16.6 9.9 3.3 1.2 19.7
Advanced 42.0 16.7 9.9 3.3 1.1 21.4
Emerging & 
Developing

31.3 16.9 8.1 3.1 2.2 9.9

Africa 27.3 NA 7.6 2.8 3.0 8.5
Latin and 
North 
America

36.6 16.8 9.5 2.6 2.5 13.2

Asia/Oceania 30.6 13.8 6.9 4.2 1.0 12.6
Europe 44.3 17.7 10.6 3.2 1.2 23.0

Note: Group averages are simple averages of the countries included for each region.

Sources: OECD, IMF, Boston Consulting Group (BCG), 2018 or latest available year.



20  Handbook on public sector efficiency

Table 1.5 (Continued)

b. Functional classification

Country groups Education Health Defense
Public order 
and safety

Environmental 
protection

Social 
Protection

OECD 5.0 6.6 1.4 1.6 0.7 15.6
Advanced 5.0 6.7 1.5 1.6 0.7 15.9
Emerging & 
Developing 3.4 2.3 1.2 1.6 0.2 6.0
Africa 3.6 1.5 1.2 1.5 0.2 2.9
Latin and North 
America 3.9 4.4 1.3 1.7 0.2 7.7
Asia/Oceania 3.7 3.8 1.6 1.4 0.6 7.0
Europe 4.9 6.4 1.3 1.6 0.7 17.8

Note: Group averages are simple averages of the countries included for each region.

Sources: OECD, IMF, BCG, 2018 or latest available year.

The expenditure composition, however, changed significantly over the past 150 years. 
For advanced countries, public investment as a share of total public expenditure has almost 
continuously declined since the late nineteenth century from about 20 percent to well below 
10 percent of total spending in the 2010s (Figure 1.2). In recent decades, it also declined as a 
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Source: Schuknecht, 2020.

Figure 1.2 The rising share of social expenditure (% of total public expenditure)
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ratio of GDP. By contrast, social expenditure, which was very low 150 years ago, had increased  
to over half of total spending in the 2010s. Social expenditure had grown from less than  
1 percent of GDP to almost one-quarter of GDP in 2016.7

When looking across country groups, spending on public consumption, compensation of 
employees, investment and even subsidies is quite similar between advanced and emerging/
developing countries, even though individual country differences may, of course, be huge. 
Africa features somewhat higher subsidies and Asia reports above average public investment 
spending. Differences are significant for debt service, and Africa and (to a lesser extent) Latin 
America use a larger share of public expenditure to service their public debt. Advanced coun-
tries have been benefitting from near zero interest rates in the 2010s so that interest spending 
averaged little over 1 percent of GDP in 2018.

The biggest difference across country groups is on transfers, which comprise mainly social 
benefits. Advanced country spending, at 21.4 percent of GDP, is twice as high as developing 
and emerging country spending of 9.9 percent of GDP on this category. Europe is the biggest 
spender, Africa reports the lowest figures of 8.5 percent of GDP on average. Asia and the 
Americas report spending of 12.6 percent and 13.2 percent, respectively. In fact, the difference 
in the size of welfare states explains most of the differences in total spending across regions 
and continents.

5.2 Public Expenditure from a Functional Perspective

When looking at public expenditure from a functional perspective, there are a number of 
categories worth looking at in some more detail. It is interesting to note that the classic public 
goods – education, health, defense, and public order and safety – ‘only’ absorb a relatively 
modest share of public resources in all country groups (Table 1.5b).8 Governments in advanced 
countries spend about 5 percent of GDP or 12 percent of their total outlays on education. The 
average for emerging and developing countries is somewhat lower at 3.4 percent of GDP, 
which is also slightly above 10 percent of total outlays. However, again, there is considerably 
more variation across individual countries (Table A1.1). All regions outside Europe spend 
slightly below 4 percent of GDP. For Africa, this is the highest share of total spending, at about 
3.6 percent, which is in part due to the greater number of children of school age.9

Public health spending is highest in advanced countries and notably in Europe at over 
6 percent of GDP. The equivalent figure is less than half of that (2.3 percent of GDP) for 
developing and emerging economies and only 1.5 percent of GDP in Africa. Generally, 
countries where citizens live longer, have higher public health spending.

Spending on external and internal security – defense and public order and safety – is 
quite similar across country groups. The combined spending is 3 percent of GDP, or about 
7–10 percent of total spending. Environmental spending is a relatively new category, absorbing 
less than 1 percent of GDP in all groups. Advanced countries spend relatively much more than 
developing and emerging economies. Asia/Oceania and Europe spend the most but still, on 
average less than 1 percent of GDP. However, this is not surprising given that environmental 
protection is promoted mainly through regulation and taxation.

Taking these categories (excluding health) together, they amount to 10–15 percent of GDP, 
or about 30–35 percent of total public expenditure. This is not much, given the importance 
of these objectives. It illustrates that most public spending is on other things and, notably, on 
social expenditure.
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5.3 Social Expenditure

Given its growing importance, social expenditure deserves some further discussion. Social 
expenditure, as defined by the OECD, includes socially related transfers and subsidies and 
certain other government expenditure for social purposes. The main categories are pensions, 
health, long-term care, family and child benefits, and unemployment. Education is mostly not 
included (except below primary education).

In 1960, the first year for which detailed, comparable cross-country data from the OECD 
became available, advanced countries spent on average 9.1 percent of GDP on social 
expenditure (Table 1.6). The range was enormous, from 3.5 percent in Japan to 15.4 percent 
in Germany. By 1980, social expenditure had almost doubled to 16.6 percent of GDP as 
the period after World War II witnessed the birth and expansion of many social programs. 
Subsequently, the ratio grew by another 2 percent of GDP per decade to 24.1 percent on 
average by 2016 before subsiding somewhat to 23.2 percent in the economic expansion up 
to 2019.

As regards individual countries, in 2019, France spent almost one-third of GDP on social 
matters (31 percent) followed closely by Italy and several smaller European countries. A 
number of other advanced countries as well as all of emerging Eastern Europe reported 
social spending below 20 percent of GDP (Schuknecht, 2020). In Korea, this figure was 
only 12.2 percent as the welfare state was still less developed. For emerging and developing 
countries outside Europe, comparable figures are not available but social benefits and transfers 
were typically lower.

The main components of social expenditure are public pensions, public health and, increas-
ingly, long-term care. These are all related to aging of the populations and data availability 
is less up to date. Pension spending increased from an average of 4.5 percent in 1960 to 
9.4 percent of GDP in 2014–15 in the country group of Table 1.6. The health-spending share 
almost tripled from 2.4 percent to 7 percent of GDP in this group. Long-term care spending 
was virtually inexistent in 1960 and reached several percent of GDP in a number of countries 
in the 2010s (OECD, 2017a and 2017b, and 2019b).

The main driver of social expenditure used to be the expansion of programs to universal 
coverage and to technical progress in health. In recent years, demographics have become the 
most important driver. It will contribute to further strong increases in the social expenditure 
ratio in the coming decades, if policies and benefits are not adjusted (see above).

5.4 The Financing of Public Expenditure

Government expenditure needs to be financed either from revenue, from debt, or through 
external grants or sales of public assets. Most expenditure is financed by domestic revenue, 
but the figures also show that most countries and country groups run deficits and finance part 
of their spending from other sources (fees, fines and so on). In 2018, the unweighted average 
revenue for advanced countries of 42.2 percent showed a broadly balanced budget when 
looking at the unweighted average (Table 1.7). However, this figure masked the fact that most 
large, advanced countries (including the United States, Japan and several large European 
countries) reported significant deficits. Emerging and development countries featured revenue 
of 28 percent and thus notable average deficits. For Africa, the revenue shortfall amounted to 
over 5 percent of GDP.
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Table 1.6 Social Expenditure (% of GDP)

1960 1980 1990 1999 2007 2009 2016 2019

Europe        

Austria 15.0 22.0 23.2 25.8 25.1 27.5 27.8 26.9
Belgium 11.4 23.1 24.4 24.6 24.9 28.6 29.0 28.9
Denmark .. 20.3 22.0 24.5 25.0 28.3 28.7 28.3
Finland 8.2 17.7 23.3 23.8 22.9 26.9 30.8 29.1
France 12.0 20.2 24.3 28.6 28.0 30.5 31.5 31.0
Germany 15.4 21.8 21.4 25.5 24.1 26.7 25.3 25.9
Greece 3.3 9.9 15.7 18.0 20.6 23.7 27.0 24.0
Ireland 7.1 15.7 16.8 13.7 15.8 22.2 16.1 13.4
Italy 10.7 17.4 20.7 22.8 24.7 27.7 28.9 28.2
Netherlands 9.6 23.3 24.0 19.1 19.9 21.6 22.0 ..
Portugal .. 9.5 12.2 17.2 21.8 24.6 24.1 22.6
Spain .. 15.0 19.2 19.8 20.8 25.4 24.6 24.7
Sweden 12.6 24.8 27.2 28.0 25.5 27.7 27.1 25.5
Switzerland 4.2 12.8 12.1 17.0 16.8 18.6 19.7 15.9
UK 9.7 15.6 15.2 17.7 19.5 23.0 21.5 20.6

Other advanced economies

Australia 5.9 10.3 13.1 17.3 15.9 17.0 19.1 16.7
Canada 8.1 13.3 17.5 16.0 16.2 18.0 17.2 18.0
Japan 3.5 10.2 11.1 16.0 18.5 21.9 23.1 22.3
South Korea .. .. 2.7 5.8 7.1 8.5 10.4 12.2
New Zealand 11.4 16.7 20.5 18.7 18.1 20.4 19.7 19.4

Singapore .. .. .. .. .. .. ..
US 7.0 12.8 13.2 14.2 15.9 18.6 19.3 18.7
Average 1/ 9.1 16.6 18.9 20.4 21.0 23.9 24.1 23.2

Note: 1/ Unweighted, excluding South Korea and Singapore.

Sources: OECD and Schuknecht (2020).

It is also worthwhile throwing a quick glance at the revenue composition. Advanced countries 
manage to finance over one-third of their spending or 15.2 percent of GDP with direct taxes 
on labor income and on profits. Indirect taxes are much more important in developing and 
emerging countries where they finance almost a third of all spending (9.8 percent of GDP). 
This figure is about 40 percent in Africa. Social security contributions are quite important 
in advanced countries and contribute 9 percent of GDP to total revenue. This figure is 
10.8 percent in Europe but only 4.4 percent in the Americas, 2.7 percent in Europe and as low 
as 0.5 percent of GDP in Africa.
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6.  CONCLUSIONS

Economists today would probably all agree that governments should provide certain core 
public goods via public expenditure: defense and internal security, public infrastructure, public 
education and basic social safety nets. When looking at the size of the state that finances these 
goods and services, however, there are remarkable differences over time and across countries.

One hundred and fifty years ago, when the role of government started to develop in the 
direction of modern states, the governments of what have become today’s advanced economies 
spent barely more than one-tenth of national income. By 1960, 60 years ago, the picture had 
changed completely and governments spent almost 30 percent of GDP as public goods and 
services and social security systems expanded. By the 2010s, advanced countries spent typi-
cally between 30 and 55 percent of GDP, with social expenditure absorbing an ever-greater 
share of total spending. Spending on security, infrastructure and education absorbed little more 
than 10 percent of GDP.

While a number of advanced countries spend not much more than 30 percent of GDP, there 
are also bigger governments whose social and economic performance seems to be high. Hence, 
there is no ‘optimal’ size of government, even though most if not all governments could prob-
ably become more efficient and, thus, spend less. Moreover, financial (or health) crises can 
result in large, sudden increases of expenditure ratios. Countries with low spending (and low 
public debt), by definition are likely to have more buffers to accommodate such crises without 
doubt about the sustainability of public finances.

By contrast, emerging and developing countries typically feature much smaller states than 
advanced countries and there are few exceptions to this. Some countries are fast growing and 
with small states (such as Vietnam or Indonesia) so that spending of 20–30 percent of GDP 

Table 1.7  Total revenue and revenue composition, general government, 2018 or latest 
available year (% of GDP)

Country groups Total revenue Direct taxes Indirect taxes
Social 

contributions
OECD 41.0 13.9 11.7 8.8
Advanced 42.2 15.2 11.7 9.0
Emerging & Developing 28.0 7.2 9.8 3.0
Africa 21.9 7.4 8.7 0.5
Latin and North America 32.3 8.0 8.9 4.4
Asia/Oceania 28.9 8.9 9.0 2.7
Europe 44.3 14.2 12.8 10.8

Note: Group averages are simple averages of the countries included for each region.

Sources: Total revenue averages are based on data from the OECD (2018), except for Argentina, Australia, China, 
Colombia, Indonesia, Japan, Korea, Mexico, New Zealand, Russia, Switzerland, United States (OECD, 2017a,b), 
Brazil, Chile, Cote d’Ivoire, Ethiopia, Kenya, Saudi Arabia, Singapore, South Africa, Thailand, Vietnam (IMF, 
2018), Egypt (IMF, 2015). Averages for taxes and social contributions are based on data from the IMF (2018), with 
the exception of Egypt, where data are from 2015; Mexico, India, 2017; New Zealand, 2019; data for Vietnam and 
India are from BCG, 2013 and 2017, respectively.
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seems sufficient for them – similar to Western countries around 1960. Some countries, by 
contrast feature governments that are very ‘poor’ with low revenue and inefficient services 
contributing to little growth and development. An expenditure ratio of 10–15 percent of GDP 
is not enough to finance a well-functioning modern state.

Looking forward, the challenges across country groups, therefore, look very different. 
Advanced countries need good and efficient, not necessarily bigger, government and some-
times government may perhaps already be too big. Moreover, they must make sure that the size 
of government remains financeable. Core services need to be of high quality and well financed, 
and social expenditure or financial crisis costs must not undermine fiscal sustainability.

Emerging economies may not need to spend more but they do need to have governments 
adapting to the needs of their countries transitioning to more advanced economies. Increasing 
demands for welfare benefits and population aging are likely to raise their size of government. 
Developing countries often still struggle with providing well-functioning services, basic safety 
nets and a strong tax administration. However, more and more governments are demonstrating 
that progress is feasible also in that country group.
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Table A1.1 (Continued)

Countries Education Health Defense
Social 

Protection2
Environmental 

protection
Public order 
and safety

Cote d’Ivoire 4.9 1.3 1.5 0.2 0.3 0.9
Egypt 3.9 1.6 2.0 9.5 0.1 2.0
Ethiopia 2.1 0.6 0.6 0.7 0.1 0.3
Kenya 4.6 0.7 1.6 1.1 0.1 1.7
Morocco NA NA NA NA NA NA
Nigeria 0.5 0.3 0.4 0.4 NA 0.4
South Africa 5.7 4.4 0.9 5.5 0.3 3.5
Argentina1 1.3 1.7 0.4 1.1 0.1 1.0
Brazil1 2.3 2.1 0.7 14.6 0.1 1.1
Canada NA NA NA NA NA NA
Chile 5.2 4.0 1.0 6.2 0.2 2.0
Colombia 4.8 4.9 1.3 9.0 0.6 2.2
Mexico NA NA NA NA NA NA
United States 6.0 9.3 3.2 7.6 0.0 2.0
Australia 5.8 7.2 2.2 9.7 0.9 2.0
China 3.7 3.0 1.3 7.2 0.7 1.5
India 0.5 0.3 1.6 NA NA NA
Indonesia 2.8 1.4 0.7 1.3 0.2 1.1
Korea 5.2 4.3 2.5 6.6 0.8 1.3
Japan 3.3 7.6 0.9 16.1 1.2 1.2
New Zealand 5.8 6.8 1.0 10.8 0.9 2.0
Saudi Arabia NA NA NA NA NA NA
Singapore1 2.7 2.1 3.0 1.0 0.3 1.2
Thailand 3.1 1.2 1.2 3.0 0.0 1.2
Vietnam NA NA NA NA NA NA
Austria 4.8 8.2 0.6 20.5 0.4 1.4
Belgium 6.3 7.7 0.8 19.5 0.9 1.7
Denmark 6.5 8.4 1.2 22.4 0.4 0.9
Finland 5.7 7.1 1.3 24.9 0.2 1.1
France 5.4 8.0 1.8 24.3 0.9 1.6
Germany 4.1 7.1 1.0 19.4 0.6 1.5
Greece 3.9 5.2 2.5 19.4 1.3 2.1
Ireland 3.3 5.1 0.3 9.5 0.4 1.0
Italy 3.8 6.8 1.3 20.9 0.9 1.8
Netherlands 5.1 7.6 1.1 15.9 1.4 1.9
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Countries Education Health Defense
Social 

Protection2
Environmental 

protection
Public order 
and safety

Norway 5.6 8.5 1.7 19.8 0.9 1.2
Poland 4.9 4.7 1.7 16.4 0.4 2.1
Russia 3.4 3.2 1.8 11.5 0.1 2.2
Spain 4.0 6.0 0.9 16.6 0.9 1.8
Sweden 6.8 6.9 1.2 20.2 0.3 1.3
Switzerland 5.6 2.2 0.8 13.5 0.6 1.7
Turkey 3.7 5.1 1.8 9.9 0.4 2.1
United Kingdom 4.6 7.4 1.9 15.2 0.7 1.8

Notes: 1 Data for Argentina, Brazil and Singapore are Central Government only. 
2 Social protection expenditure includes spending related to sickness and disability, old age, family and children, 
unemployment, housing, social exclusion and Research and Development (R&D) on social protection.

Sources: Data for OECD countries except New Zealand and Turkey are from OECD (2017a,b). Data are from 
IMF for New Zealand, Argentina, Brazil, Russia, Singapore, South Africa, Thailand and Turkey (2018), and Egypt 
(2015). Data are from BCG for Ethiopia and Kenya (2018), India (2017), Cote d’Ivoire (2014) and Nigeria (2013).

Table A1.1 (Continued)

NOTES

 1. Caution is needed with this argument, however, as additional government intervention may further worsen the 
functioning of markets. For the link between governments spending and inequality see Afonso et al. (2010b).

 2.  We always refer to figures for general government, except in a few instances of historical data. General govern-
ment includes central, regional and local government and public social security as its most important components.

 3. Note that regional aggregates may differ somewhat depending on the sample composition, weighting and the data 
source. See also OECD (2019a) for a discussion of budgeting and budget procedures and OECD (2019c) for an 
overview of spending categories and data. Regional spending data for 2020 were not yet available at the time of 
writing.

 4.  Note that expenditure ratios for individual countries may differ significantly across sources, especially for non-
OECD countries. This, however, should not affect patterns across countries and country groups.

 5. See IMF (2019) for a discussion of public investment and its management. Public investment, some argue, is 
always productive by definition. However, there are also studies finding the opposite with high spending correlat-
ing with much corruption (Tanzi and Davoodi, 1998).

 6. There is a considerable literature on subsidies and their role in the economy. See for example Beers and de Moor 
(2001).

 7.  This risks of crowding out other, more productive spending and undermining fiscal sustainability. Schuknecht 
and Zemanek (2020) call this the risk of social dominance in public expenditure. Note in Figure 1.2, the country 
sample for 1870 is much smaller than for later years (see Table 1.1). However, the pattern across countries (of 
very small social spending shares) and over time is not affected.

 8. See OECD (2017a, 2017b, 2018 and 2019b) for a discussion of education, pension and health expenditure.
 9.  For government spending efficiency assessments on education and health see, notably, Afonso and St. Aubyn 

(2006, 2011).
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2. The quality of public finances
Michael Thöne

1.  THE TWO (AND MORE) DIMENSIONS OF THE QUALITY  
OF PUBLIC FINANCES

At the turn of the millennium, nobody was familiar with the concept of ‘quality of public 
finances’ (QPF) because the term had not yet found its way into the public finance discussion. 
Less than ten years later, the concept of quality of public finances covered such a broad field 
that – conversely – the abundance of issues under consideration made it difficult to know what 
exactly was meant by ‘QPF’.

This broad spectrum of terminology has remained intact for another decade into the 2020s. 
At the core of the concept, the quality of public finances focuses on the effects that public 
spending – particularly in its composition – has on long-term macroeconomic targets such as 
economic growth and productivity progress. This chapter concentrates on this economic root 
of the QPF concept.

It can be argued that this focus is only one aspect of what the concept ‘quality of public 
finances’ covers as a whole. This is certainly true. For one thing, the expenditure side would 
also have to be contrasted with the revenue side of the public budget. Tax systems, in their 
composition and specific design, can significantly affect innovation and economic growth. 
Nevertheless, the revenue side has not gained much importance within the QPF concept. Not 
because of its low importance, but conversely because of its already high relevance: Public 
economics and actual tax policy in most countries have been keeping a close eye on this interac-
tion for many decades. Here, the QPF concept was not needed to raise awareness of the issues.

In addition to the revenue side, which would be included in a comprehensive understanding 
of the quality of public finances, the discussion also covers the topic of this handbook − the 
efficiency of public action and public spending. The QPF concept in a broad sense considers 
two closely related but distinct questions in public spending: Where to spend it and how to 
spend it. Composition and efficiency. Is the ideal case of high-quality fiscal policy achieved 
when a large and growing share of public expenditure is spent on future-oriented purposes and 
this in an efficient way that promises high value for money?

Yes and no. Yes, insofar as these two dimensions of the quality of public finances are 
of course cumulative in political terms. To withstand the inherent tendency towards ever-
increasing consumptive spending seems like a good thing. Spending this money wisely in the 
most cost-effective way attainable looks an even better thing.

Yet on the conceptual level, composition and efficiency of public spending should be treated 
as two distinctively different dimensions of QPF. Obviously, the claim to spend public money 
in the most efficient way attainable must not be restricted to growth-enhancing, forward-
looking expenditure. The efficiency dimension of QPF covers all areas of the public budget. 
On the other hand, the composition of public spending may, as will be shown in this chapter, 
influence the outlooks of an economy even without regard to the bottom-up perspective of how 
cost effectively the money is spent in each case.
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These two main dimensions of the quality of public finances – composition and efficiency 
of spending – have been part of the concept from very early days. This becomes clear from the 
comprehensive documentation of the group that – although not necessarily the birthplace –  
was certainly the ‘nursery’ of the QPF concept: The ‘Working Group on the Quality of 
Public Finances’ (WGQPF; 200−07) of the Economic Policy Committee of the EU defined 
the boundaries of the concept, which are still valid today (see Deroose and Kastrop 2008). 
Recent work emphasizes the multidimensionality of the concept (see Rodriguez-Vives 
2019).

Nonetheless, this chapter only looks at one, the more or less original dimension of the QPF 
concept, that is, the composition of public finances. I do this in the full understanding that this 
handbook nevertheless covers both dimensions in their entirety.

Moreover, the limitation to ‘QPF in the stricter sense’ is, to a certain extent, a reaction to 
the multidimensionality outlined above. For this is both a blessing and a curse. It encompasses 
a very broad spectrum of what is really important for good fiscal policy. The width of this 
spectrum, however, also results in the difficulty that no one really knows what is meant when 
we talk about the quality of public finances. Recalling that the term was at the outset primarily 
used to refer to the composition of public spending can help to gain a little more conceptual 
clarity without denying the other dimensions their (great) importance.

2.  FROM QUANTITY TO QUALITY OF PUBLIC FINANCES: 
EXPANDING THE SCOPE OF FISCAL GOVERNANCE

Not everything that is good is an investment. And not all things made of concrete have a 
long-term benefit. These insights − related to public spending − are older in general economics 
than in public economics and fiscal policy. Here, and to some extent in the public perception, 
for a long time government investment was virtually synonymous with forward-looking, 
provident policy. Conversely, government consumption expenditures, which are defined as 
the (extensive) residual of all non-investment expenditures, have the reputation of being short-
sighted, opportunistic and wasteful. However, the dualism of investment and consumption 
expenditures in budgetary law and, similarly, in national accounting is unsatisfactory from 
both sides when it comes to the actual, empirically observed effects of public spending. For 
sure, not every budget item recorded as public investment in the statistics can be considered 
productive investment in the economic sense. Conversely, some types of consumptive spend-
ing provide important economic benefits in the form of provisions for the future.

At the turn of the millennium, this perspective gave rise to a discussion among public 
finance experts in the European Union on a different and new understanding of public invest-
ment and the concept of capital that is relevant for government activities. The background to 
this discussion was the quantitative consolidation of public finances, which was considered 
imperative in many member states at the time to comply with the Stability and Growth Pact 
in the long term. In this context, qualitative aspects of public spending policy were not to be 
ignored. Otherwise, there was the perceived risk that quantitative consolidation steps − in a 
misconception of equal treatment or because of their relatively weak political ‘resistance’ − 
would hit those areas of spending particularly hard which have a positive impact on growth 
and sustainability. With this in mind, the European Council decided with the ‘Lisbon Strategy’ 
in 2000, among other things, to take greater account of qualitative elements in the member 
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states’ deficit reduction measures. This impetus created the basis for a political and scientific 
discussion of the concept of ‘quality of public finances’, which was launched at the time.

An important component of the QPF concept is the long-term impact of the composition of 
public spending. Behind this stands an expanded notion of public capital, based on empirical 
research.

3.  ELEMENTS OF A MORE ECONOMIC UNDERSTANDING  
OF PUBLIC CAPITAL

Which government activities and the associated expenditures are captured in an expanded con-
cept of capital is first a normative, then an empirical question. The capital concept is normative 
insofar as the future effects of government activities considered here are selective. The QPF 
concept focuses on those government expenditures that can be expected to increase economic 
productivity and thus raise the potential for economic growth. In addition, all public measures 
with  a  positive  impact  on  natural  capital  in  the  broader  sense  −  including  environmental 
protection, climate protection and climate adaptation − are to be included.

Already these two objectives of future orientation do not necessarily go hand in hand. The 
debate on ‘post-growth’ actually assumes the opposite. Whether or not growth and environ-
mental sustainability can harmonize via ‘decoupling’, and if so, to what extent, cannot be 
judged in the abstract. That, too, is an empirical question that will be answered in the decades 
to come. In any case, decoupling resource consumption and economic growth is one of the 
greatest and most pressing challenges of the near future.

Indeed, very good reasons speak for the choice of these two central future tasks. In par-
ticular, economic performance and ecological sustainability on the path to climate neutrality 
are strategic prerequisites for being able to achieve further future goals. Still, restricting the 
focus to these two dimensions remains a normative choice. Usual sustainability agendas, for 
example, include all 17 target dimensions of the UN Sustainable Development Goals. If one 
builds indicators that also cover the numerous dimensions of social sustainability, the outcome 
will look quite different and much more comprehensive.

In other respects, too, ‘future investments’ are not the only state activities that are important 
for a country’s economic welfare. Before these, come the fundamental public goods. In a 
market economy, these include above all: The rule of law and the guarantee of human rights, 
internal and external security, the guarantee of clear property rights, the political stability of 
democracy, trade policy, price stability and competition policy. Nothing works without these 
public services; providing them is the top priority of any government. However, once they 
are well provided for, further spending on these purposes quickly becomes unproductive. 
Technically speaking, after an early optimum, their marginal economic productivity quickly 
declines with further expansion of spending (EU-COM 2003).

This overview of growth- and sustainability-enhancing spending reviews the empirical 
research literature. It builds on existing meta-analyses (see Afonso et al. 2005; Thöne 2005; 
Thöne and Krehl 2016; Cepparulo and Mourre 2020; Heinemann et al. 2021; Zouhar et al. 
2021). The identification of forward-looking expenditures is accomplished by means of a 
non-formalized meta-analysis of the research literature. The result of such a meta-analysis is 
an overview of the government spending that can be expected to have positive growth effects 
and/or sustainability effects in an industrial economy.
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The studies reviewed show that many consumer expenditures can also provide important 
benefits for the future. Above all, the high economic significance of human capital investments, 
especially in the education sector, is confirmed. Here, however, as with other growth- and 
sustainability-enhancing expenditures, the restriction applies that the positive effects are 
primarily found for government activities in this field, not for spending. It is immediately 
obvious that more spending in a promising field does not automatically mean higher 
performance. Accordingly,  input  data  −  that  is,  budget  figures  − must  be  interpreted with 
caution when it comes to outcomes such as, for example, the quality of school education.

3.1 Infrastructure Investments

Not every investment expenditure in the sense of budgetary law − in Germany, this would 
be every expenditure on physical assets of more than 5000 euros − can also be considered 
an economically productive investment measure. Nevertheless, the rate of accumulation of 
physical capital is one of the key determinants of macroeconomic growth. Empirical work 
regularly confirms the growth relevance of public investment; negative findings are rather 
rare. The initial marginal productivity of investment is very high because of its input character. 
This means that not all, but very many, public investments are actually very productive. Public 
investment crowds-in private investment and boosts economic growth (Afonso and Alegre 
2011). 

Public spending on infrastructure can provide a crucial input for private economic produc-
tion. In general, economic theory distinguishes several channels through which infrastructure 
can have a positive impact on economic growth (see EU-COM 2014). First, energy, transport 
and other network infrastructures are intermediate inputs for firms and thus have a significant 
impact on their costs and ultimately on competitiveness from an international and national 
perspective (Pradhan and Bagchi 2013). Moreover, government investment increases aggre-
gate demand for construction and maintenance activities (Wang 2002; Esfahani and Ramirez 
2003; Phang 2003; Short and Kopp 2005; Pradhan and Bagchi 2013). Finally, government 
investment can provide important signals that direct private investment into key sectors of the 
economy (Fedderke and Garlick 2008).

In view of the situation in many mature industrialized countries, early on Kalaitzidakis 
and Kalyvitis (2005) pointed in a critical direction: In their empirical study, they explicitly 
distinguish between the growth effects of new infrastructure investments and the effects of 
maintenance and repair of existing infrastructures. In their study of Canada, they show that, 
for a well-endowed economy, the maintenance and modernization of existing infrastructure is 
the crucial determinant of growth.

For EU economies, the relationship between infrastructure and human capital investment 
is also of strategic importance. An exemplary study here was conducted by Quirino, Macas 
Nunes and De Matos (2014). In their study of Portugal, they conclude that public infrastructure 
investment contributes to economic development, especially in low-growth regions, whereas 
in high-growth regions, human capital investment is the main driver of productivity. In an 
early survey, the European Commission also points to a ‘certain consensus’ that public invest-
ment in developed industrial societies is of secondary importance compared with spending 
on human capital, because above a certain level of development the marginal productivity of 
public physical capital increasingly falls, whereas the importance of knowledge-based skills 
increases (see EU-COM 2003: 106 and 110).
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Despite − or because of −  these clear  findings,  it  is  important  to emphasize what might 
‘go without saying’: Even a generalized positive assessment for a specific area of spending 
does not, of course, equate to a positive assessment of every individual measure in this area. 
As Bertenrath, Thöne and Walther (2006) show for the example of transport investment, 
such empirical ‘top down’ assessments cannot be readily disaggregated. This means that 
cost−benefit  analyses  are  required  for  individual  projects  even  where  growth  effects  are 
warranted at the general level.

3.2 Technical Knowledge

The growth of technical knowledge − technological progress − is a central determinant of pro-
ductive economies. In industrialized countries in particular, research and development activities 
(R&D) are regarded as a key to high and sustained economic growth. At the same time, techno-
logical progress is a complex economic and social process in which few clear causalities can be 
identified. In this context, the public sector may seek to promote the accumulation of technical 
knowledge and technological progress by investing in research institutions and universities.

This fundamental role is also reflected in the revaluation of investment in national accounts. 
In Germany’s national accounts, for example, all expenditure on research and development 
and related personnel resources have been included in fixed capital formation since 2014 (with 
retroactive effect from 1991). This is the implementation of the European System of Accounts 
(ESA) 2010 and the underlying System of National Accounts (SNA) 2008 of the United 
Nations. Most other OECD countries are taking a similar approach. Since then, R&D is no 
longer recorded as current expenditure for production purposes, but as an investment asset that 
is used for production purposes over several time periods. This conceptual change applies to 
private companies in the same way as it does to government units and non-profit organizations.

When looking at the empirical literature, the growth impact of public and private R&D 
investments should be assessed separately, as it is primarily private R&D investment that 
is perceived to have a particularly strong impact on growth. Some researchers recommend 
promoting the innovative strength of companies in particular with the help of tax credits, 
grants, patent protection and the like.

The link between public and private R&D spending has long been regarded as a particularly 
delicate one, with some authors arguing that the two activities complement each other, while 
others have shown that public R&D crowds out private activities. Only in the case of comple-
mentarity, however, can government or government-funded R&D be seen as having a positive 
effect on growth, because it penetrates areas where private R&D is not pursued due to positive 
externalities, or because public R&D provides a locomotive function and stimulates further 
private R&D. A review of the empirical literature reveals a majority of studies pointing to 
complementarity (cf. for example Diamond 1999; Guellec and van Pottelsberghe de la Potterie 
2000). But at the same time, the question is never ultimately answered.

3.3 Human Capital

Human capital with its many nuances has long been at the centre of the discussion on  
productivity- and future-oriented public spending. On the side of academic economics, the 
emergence of the ‘New Growth Theory’ according to Uzawa (1965), Lucas (1988) and Romer 
(1990) has led to a breakthrough, explaining technical progress as endogenous to the ‘human 
factor’.
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Investments in this human factor can increase productivity through many channels and can 
therefore have a positive effect on growth. Today, many areas of family and equality policy are 
also included. Finally, recent empirical research has turned to participatory, inclusive growth 
via human capital investment and its interpersonal distribution.

The fact that education is an area of high growth relevance within the sphere of influence of 
the state is an obvious fact in the OECD countries and most other economies, but by no means 
a matter of course. Education as an individual investment in human capital yields returns of 
between five and 15 per cent per annum when rewarded according to the marginal product of 
labour (Mincer 1974). Mincer’s calculations are confirmed in numerous recent reviews (see, 
for example, Barro and Sala-i-Martin 1995; Temple 2000; Colombier 2011; Barro 2013). In 
particular, the average duration − and thus the intensity − of schooling in secondary and tertiary 
education has a positive effect on economic growth.

Using Germany as an example, Wößmann and Piopiunik (2009) estimated the long-term 
costs of inadequate education in 2009 at 2.8 trillion euros over a period of 80 years. They define 
inadequate education as the lack of the minimum level of basic skills required for promising par-
ticipation in working life. Inadequately educated students cannot exploit their full potential in the 
labour market. The economic growth lost here forms the basis for calculating the follow-up costs.

At the same time, a consensus has emerged in the empirical literature that the quality and 
dissemination of early childhood education in particular is very important both for the produc-
tivity of an economy and for its inclusive quality (see Heckman and Cunha 2007; Fritschi and 
Oesch 2008; Delalibera and Ferreira 2019).

Healthcare spending has been back in the spotlight of fiscal policy discussions since the 
beginning of the 2020 COVID-19 pandemic. From a human capital perspective, they hold a 
long-established place in this discussion (Bloom et al. 2019). From a human capital perspec-
tive, health is an essential growth factor because healthy workers are physically and mentally 
more robust, they are more productive and earn higher wages. At the same time, they are less 
likely to be absent from work due to illness or family disease (Bloom, Canning and Sevilla 
2001). At the microeconomic level, these connections have been extensively documented 
(see Strauss and Thomas 1998 for an overview). Empirical evidence also shows significant 
positive effects of healthcare spending on overall economic growth. The importance of health 
for economic prosperity becomes particularly clear when one considers the impact of the past 
introduction of public healthcare systems in Europe, which had a significant effect on infant 
mortality and death rates. The associated improvement in health status in turn had a positive 
impact on per capita income (Strittmatter and Stunde 2013).

More important, however, is the question whether the causality in industrialized countries 
might be inverted. In this case, the increase in income associated with economic growth 
would enable people to spend more money on their health. Economic growth would become 
the explanatory variable of health. A hint of a possible bidirectional causality between 
health spending and growth is provided by Öztürk and Altun Ada (2013). However, this 
alone is not a sufficient reason not to include health expenditures among the growth-related 
expenditures.

Family policy is very ambivalent as a growth policy because its instruments are so 
heterogeneous. Possible positive growth effects of family policy measures can be conveyed 
through two channels: On the one hand, measures to improve the work−family balance result 
in a higher labour supply, especially from mothers with childcare-age children. Second, in an 
ageing society such as Germany’s, measures to increase fertility expand the labour supply, 
which is otherwise becoming increasingly scarce, and thus also the available stock of human 
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capital in the long term (see, for example, Alders and Broer 2004; Weil 2006). A group of 
researchers led by Prognos AG conducted a major evaluation of family policy benefits in 
Germany in the years preceding 2014.The results showed that in the difficult decision-making 
process of realizing the wish to have children, public family policy measures only play the 
role of one influence among many. The impact of family policy measures on the labour supply 
of mothers is different; here, public financing of childcare in particular is shown to be a very 
effective measure for labour supply and higher productivity.

Gender policy − if simplified to gender relations alone − is directed at all persons of all 
gender identities. For developing countries, significant positive growth effects can be demon-
strated in the case of increased spending on health and education for women, who are often 
strongly disadvantaged compared to men in these countries (cf. Dollar and Gatti 1999; Agénor 
and Canuto 2012). Agénor and Canuto (2014) show positive growth effects of a reduction in 
gender inequalities for Brazil as well.

With regard to industrialized countries, Lorgelly (2000) finds contradictory evidence on 
productivity in her meta-analysis. In their meta-study of the empirical literature, Kabeer and 
Natali (2013) also point to the asymmetric nature of the relationship between gender equity and 
economic growth: While there is growing evidence that gender equality positively influences 
economic growth, the findings for the opposite direction − the influence of growth on gender 
relations − are very mixed.

A paper by the International Monetary Fund (2013) discusses policies on gender equality 
primarily in the fields mentioned here in the section on family policy, because in Western 
industrialized countries the rate of female labour market participation is primarily a question 
of the compatibility of work and family.

Overall, empirical studies on the impact of gender indicators and policies on growth are 
primarily available where gender equality goals coincide with other areas of growth policy, 
as usually the same mechanisms of impact are considered (see for example IMF 2013). These 
include, for example, maternity protection and government support for childcare (see above). 
Furthermore, programs aimed at equitable integration in the labour market ultimately have a 
positive impact on economic growth through this channel. The same applies to government 
activities that support gender equality in education and gender-equitable access to health.

3.4 Natural Capital and Climate Protection

The ‘pure’ objective of the quality concept, economic growth, must be questioned. In a world 
of finite resources and climate change, simple economic growth is no longer a goal that can 
be pursued without reservations. Yet, right from the outset, the QPF concept hast reflected 
developments towards greener growth or, better, towards a full decoupling of growth on the 
one side and the use of non-renewable resources and the emission of greenhouse gases on 
other side (Thöne 2005).

Yet, in a time of massively increasing climate protection efforts and intensive work of 
numerous economic sub-disciplines, at first glance it may seem surprising that there is little 
broad-based empirical research on the ecological sustainability effects of government spend-
ing policies. Of course, environmental spending programs are evaluated in detail for their 
effects. But broad studies on the direction of impact on growth are largely lacking while the 
opposite direction − that is, the effects of climate change on economic growth − receives good 
attention (see for example OECD 2021).
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This paradox − irritating and somewhat annoying at first glance − is cleared up on closer 
reflection. Environmental policy is not spending policy. On the contrary, government spending 
plays only a minor role in environmental economics compared to instruments that are designed 
in accordance with the polluter-pays principle. These are regulatory or revenue-based instru-
ments. This, however, does not mean that environmental policy expenditures are detrimental 
to environmentally sustainable development.

Since this distinction is primarily normative, it would be inadequate to base a discriminating 
assessment on it, given the lack of empirical evidence.

Nonetheless, expenditures that fall under environmental protection and nature conservation 
count here globally as effective for the benefit of natural capital. Why is that the case? Because 
times have changed and an up-to-date QPF concept must make amendments for that. The first 
contribution to the sixth report of the Intergovernmental Panel on Climate Change (IPCC 
2021) is very clear about the need to intensify the efforts of climate protection in every country 
of the world dramatically and immediately if the “Significantly under 2.0°C” goal of the Paris 
Agreement adopted at the 21st Conference of the Parties of the United Nations Framework 
Convention on Climate Change (COP 21) in 2015 shall still be achieved.

In view of this imperative, the questions raised about instrumental optimization of climate 
protection lose their thrust. In the foreseeable future, the question of revenue side or expendi-
ture side or regulatory instruments will no longer be an issue. The principle will probably 
have to turn much more in the direction of ‘whatever helps, helps’. From such a perspective, 
government expenditures in favour of climate and environmental protection can almost always 
be regarded as having an impact on sustainability.

4.  MAKING USE OF QUALITY INDICATORS IN FISCAL 
GOVERNANCE

Based on the evidence of the growth and sustainability effects of public spending, specific 
indicators can be designed to reflect this dimension of the impact of either a specific public 
budget or of the general government budget. Such indicators can be useful for two different 
purposes. Firstly, they help to better analyse the future orientation of a specific fiscal policy. 
From a national perspective, they can help to bolster future oriented spending or to reduce 
political pressure on such spending as part of a formative fiscal policy.

Secondly, quality indicators for the composition of government spending can also be used 
in the supranational surveillance of the several states, as the European Union monitors its 
member states with the help of the Stability and Growth Pact. As mentioned, it was in this 
context, specifically through the Lisbon Strategy of 2000, that the term ‘quality of public 
finances’ was originally coined.

For both purposes, quality indicators are helpful both longitudinally for the budget timelines 
and cross-sectionally to enable comparisons between different countries.

Both purposes have shaped the development of the QPF concept. As an example, the author 
of this paper conducted in 2002−03 a first study on the quality of public finances of the German 
federal budget and the aggregate public finances of Germany on behalf of the Federal Ministry of 
Finance. The aim of the research was to develop an indicator of future-oriented expenditure that 
would serve this purpose better than the benchmark traditionally used, that is public investment 
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expenditure. The result was the ‘WNA budget’ (Thöne 2005), with which the growth- and sus-
tainability-effective expenditures (WNA: Wachstums- und Nachhaltigkeitswirksame Ausgaben) 
were shown separately from the other government expenditures.

Based on an intergenerational understanding of sustainability, spending in the following 
areas was included in the ‘WNA Budget’: Kindergartens, schools, universities and other edu-
cation, science and R&D outside universities, measures of family policy, active labour market 
policy, health, environment and nature conservation as well as the promotion of renewable 
energies. In addition, expenditure on infrastructure services in transport and communications 
was included. The study also showed that a delineation of QPF expenditure solely on the 
basis of the Functional Statistics for Governmental Activities (COFOG) offers the simplest 
implementation.

Apart from being used in the domestic discussion of future fiscal governance, the WNA 
Budget served as an early input to the Working Group on the Quality of Public Finances 
WGQPF of the Economic Policy Committee of the European Union which, subsequently, has 
developed the whole spectrum of the quality discussion (see above).

With regard to the composition of public expenditure, this group has achieved two key 
results. For one, it has provided the common ground for the EU Commission to present a 
proposal for a QPF indicator that was to be applicable to all member states (EU-COM 2008). 
Once more, the practical feasibility of this approach was demonstrated by using the German 
example (Thöne and Dobroschke 2010). However, this EU initiative proved to be far too 
ambitious and politically too invasive to gain an important role in the EU’s fiscal governance. 
To be effective, a QPF approach for all member states would have had to be anchored in the 
preventive arm of the Stability and Growth Pact. But this would have created more European 
influence on the budget priorities of the member states than they would have wanted to 
concede. As a consequence, only rather soft quality criteria could be implemented within the 
corrective arm of the Excessive Deficit Procedure.

Politically, the quality of public finances has so far not been able to develop the authority 
at the European level that it would deserve, given its high significance for Europe’s future. 
This makes the second achievement of the WGQPF on the composition of public finances 
all the more important and enduring. Already the first studies had shown that the functional 
analysis of government expenditure was the most practical way to implement the quality 
concept. However, no data were available in sufficient detail. Specifically, for the EU 
states only insufficiently rough expenditure data according to the international COFOG 
classification were available. As a result of the initiative of the WFQPF, from 2005 onwards 
a task force was set up at Eurostat which, with and for the EU Member States, compiled 
data on public expenditure at the reasonably detailed level of the COFOG 2-digit-classifier, 
retroactively from de facto 1995 onwards (Eurostat 2011). Without the WGQPF impetus, 
these data, which are indispensable for the QPF-discussion in Europe, would most likely not 
be collected even today.

Nevertheless, it has to be acknowledged in retrospect that the world economic crisis from 
autumn 2008 and the resulting European sovereign debt crisis of the years 2010−12 washed 
away the discussion on modernisation of the quality of public finances in all its aspects.

All of a sudden, it was a matter of averting the collapse of the financial system, counteracting 
the ensuing recession in the real economy, saving some EU states from bankruptcy and bring-
ing the common currency, the euro, through this fire baptism reasonably unscathed. During 
the crisis, little attention was paid to the discussion on the quality of the longer-term future 
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orientation and rationality of fiscal policy. The focus of fiscal policy was once again on simple 
quantitative issues. Qualitative aspects, questions about the investive or sustainable character 
of government spending, played no role for the time being.

Until the next major crisis, which erupted in 2020 with the COVID-19 pandemic, the con-
cept of quality of public finances has not experienced significant political progress at the level 
of the European Union or in individual countries in or outside the European Union. However, 
academic attention has not faltered, so the next steps for advancing the concept are quite clear.

In the course of ten years it has become apparent that the primary goals of a quality philoso-
phy cannot remain unchanged over time. This became clear in the above discussion with regard 
to the relationship between economic growth and the goal of climate protection and resource 
conservation. A modern, future-oriented QPF concept must give top priority to the finite nature 
of natural resources and the correspondingly decoupling-focused concept of economic growth. 
Crisis resilience and the question of how inclusive growth is (Cournede, Fournier and Hoeller 
2018) will also play a much greater role in the 2020s than in the previous decade.

Also, the ‘framing’ of the QPF discussion has changed with the COVID-19 crisis. The long 
phase of extremely low interest rates has reduced concerns about fiscal sustainability in many 
countries − despite the enormous new debt in the wake of COVID-19. However, it would be a 
mistake to conflate the idea of quality with its merely temporal genesis with a policy of strict 
fiscal austerity, which seems to have been overcome at the beginning of the 2020s. In an era 
that seeks to make future-oriented policies possible again through future-oriented financing − 
that is through public debt − the importance of the QPF concept does not diminish, but rather 
increases.

Just like national fiscal rules, the European Stability and Growth Pact is also under scrutiny. 
Here, the focus is no longer only on the quality of public spending, but increasingly also on 
the quality of new public debt. Modern fiscal rules can no longer be simple numerical deficit 
limits. Rather, they specify the permissible level of new debt according to the purpose of the 
expenditure financed by it. This does not mean that all spending covered by the QPF concept 
should be financed by deficits. Teachers’ salaries must always be financed by current taxes. 
Nevertheless, analogous to the traditional ‘golden rule’ of public debt, some government 
expenditures with particularly high benefits for the future can also be financed by the future 
through debt. Especially in the case of climate protection, such a ‘swap of future burdens’ − 
low additional burden from debt, substantial saved burden on the part of the climate − can 
become an element of a concept that is more strongly based on the quality of public finances, 
for example a ‘green golden rule’.

However, this QPF perspective on the funding of public tasks should also be reinforced 
for other elements of public finances that are particularly effective in terms of ‘future invest-
ment’. In the best case, such a perspective is embedded in a redesign of fiscal governance that 
relies more on soundly interpreted economic standards than on rigid numerical rules.1 Such a 
comprehensive, more economic governance would also benefit immensely from a strong reli-
ance on the broad knowledge on public sector efficiency as discussed in the various chapters 
of this handbook.

NOTE

 1. See for example Wieser (2021) and Blanchard/Leandro/Zettelmeyer (2021).
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3.  Government spending efficiency, measurement  
and applications: A cross-country efficiency dataset
António Afonso, João Tovar Jalles, and Ana Venâncio

1. INTRODUCTION

A country´s performance is, in part, dictated by the size of its public sector and the efficiency 
level with which it uses its (typically scarce) resources.1 It is, therefore, important from both 
economic and policy points of view to evaluate the performance of the public sector and 
understand the determinants of public sector efficiency so as to maximize welfare but also 
to optimize investment projects and, in that way, propel growth forward. There has been 
an ongoing debate in the literature over the role and size of the government (Afonso and 
Schuknecht, 2019), mostly motivated by the substantial heterogeneity across countries in 
terms of the government spending.2 This issue is even more relevant when governments face 
strict government budget constraints and most western economies have been living in the low 
growth phase for several years now, notably in the context of economic downturns and of 
scarce public resources.

In this chapter, we undertake a systematic review of the literature dealing with the overall 
public sector performance and efficiency, we define a methodology to compute public sector 
efficiency and we create a novel and large cross-country panel dataset of government indica-
tors and public sector efficiency scores. We cover a sample of 36 Organisation for Economic 
Co-operation and Development (OECD) countries over the 2006–17 time period. More 
specifically, firstly, we start by defining a set of economic and sociodemographic metrics and 
we construct composite performance indicators. Previous papers on this topic have typically 
studied a very limited number of countries over a one- or two-year time span, which is a gap 
we are trying to cover with this work. Secondly, we compute and report a full set of (input 
and output oriented) efficiency scores on the basis of the performance indicators previously 
calculated, relating performance outputs and input measures of government spending.

The remainder of the chapter is organized as follows. Section 2 reviews the relevant litera-
ture. Section 3 presents some of methods used to obtain public sector efficiency measures. 
Section 4 discusses recent empirical applications. The last section concludes.

2.  LITERATURE REVIEW

The efficient provision of services and goods by governments has become one of the key issues 
discussed in the public finance literature over the last 20 years (see for example the works by 
Gupta and Verhoeven, 2001; Tanzi and Schuknecht, 1997, 2000; Afonso et al., 2005).

In this section, we review the main studies on public sector efficiency by applying the follow-
ing methodology. We search the Web of Science3 for English language articles published after 
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1970 in academic, peer-reviewed journals. To identify relevant publications, we searched for 
works using two queries: i) with ‘public sector efficiency’ in the tile, and ii) with ‘public sector’ 
or ‘efficiency’ in the title and ‘public sector efficiency’ in the title, text, abstract or keywords. 
The exact search strings were: i) TI = (public sector efficiency) and ii) ALL = ‘public sector 
efficiency’ AND TI = (public sector OR efficiency). As a result of the search, a total of 142 and 
55 articles were identified for queries i) and ii), respectively. Then, we screened these articles 
to evaluate the topic fit and eliminated those that evaluated local government performance and 
the performance of a specific public service provided by the local and central governments.4 In 
doing this, we also evaluated the study subject, research question and findings.

Figure 3.1 shows the number of publications published per year, using both sets of queries. 
We observe an increasing trend in publications since 2000, with peaks in the period 2008–10 
and in the period 2019–20. This reflects the growing interest of academic research in this 
particular area, which may have been prompted notably by the fiscal institutional set-up, for 
example, in the European Union. Indeed, after the creation of the Economic and Monetary 
Union in the European Union in the early 1990s, enhanced fiscal coordination and surveillance 
ensued, with increased awareness of the relevance of fiscal sound behaviour. In addition, the 
driver and the need to implement fiscal consolidations in the European Union (due to the 
convergence criteria that needed to be met) raised the bar in terms of assessing how much and 
what quality of public services the government are providing, while economic crisis also shed 
attention of the use of scarce public resources. Hence, both performance and efficiency started 
playing a bigger role in the 2000s in the EU case.5
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Figure 3.1 Yearly publications on the topic of public sector efficiency in Web of Science
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Journals that more frequently show up in the abovementioned sample extractions are 
Applied Economics, European Journal of Operational Research, European Journal of 
Political Economy, Journal of Public Economics and Public Choice.

Several studies assess public sector efficiency looking at different sample and time spans 
but most tend to focus on OECD and European countries (Adam at al., 2011; Dutu and Sicari, 
2016; Afonso and Kazemi, 2017; Antonelli and de Bonis, 2019). Much less evidence is 
available about government relative efficiency in other areas of the world such as Africa, Asia 
or Latin America. That said, some studies report some first empirical explorations for Latin 
American and Caribbean countries (see for example Afonso et al., 2013).

Two key results emerge from this literature: i) public spending efficiency can be improved; 
and ii) specific factors are associated with efficiency. These cross-country aggregated effi-
ciency studies are very useful to compare the performance of different countries, nevertheless, 
it is important to take into account the underlying institutional, cultural, political and economic 
factors (Mandl et al., 2008). To account for these issues, studies have resorted to two-stage 
models.6 Results suggest that education, income level, quality of the institutions and a 
country’s governance are positively and statistically significantly associated with performance 
(Afonso and St. Aubyn, 2005; Hauner and Kyobe, 2008; Antonelli and de Bonis, 2019). 
Others report that political variables, such as having a right-wing and a strong government 
and also high voter participation rates and decentralization of the fiscal systems, are positively 
associated with more efficient public sectors (Adam et al., 2011). More recently, Afonso et al. 
(2019, 2020) evaluated the role of tax structures and tax reforms on explaining cross-country 
efficiency differences. Table 3.1 provides a short summary of results of these papers assessing 
overall public sector performance and efficiency.
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3.  DATA AND VARIABLES

Our novel dataset includes 36 OECD countries7 for the period between 2006 and 2017. We 
gather data from several publicly available sources, such as the World Economic Forum, World 
Bank, World Health Organization, IMF World Economic Outlook and OECD database. When 
data was not available for a specific year, we assumed that the data was equal to that of the 
previous year.

Table 3.1 Overall public sector efficiency

Authors Sample Methods Results
Afonso et al. 
(2005)

23 OECD countries FDH The average input efficiency score of the  
15 EU countries is 0.73 (around 27% could 
be reduced).

Adam et al. 
(2011)

19 OECD 
countries, 
1980−2000

Stochastic 
DEA 

Countries with right-wing and strong 
governments, high voter participation 
rates and decentralized fiscal systems, are 
expected to have higher PSE.

Afonso et al. 
(2013)

Latin American 
and Caribbean 
countries, 2001−10

DEA Output efficiency scores higher than 
input efficiency scores. PSE is inversely 
correlated with the size of the government, 
while the efficiency frontier is defined by 
Chile, Guatemala and Peru.

Dutu, Sicari 
(2016)

35 OECD 
countries, 2012

DEA Wide dispersion in efficiency measures 
across OECD, health care, education and 
general administration.

Chan et al. 
(2017)

115 countries Panel GMM VAT system enhances the effect of efficient 
government spending on the economic 
growth.

Herrera, 
Ouedrago 
(2018)

175 countries 
for 2006–16 on 
education, health, 
infrastructure

FDH, DEA The efficiency of capital spending is 
correlated with regulatory quality and 
perception of corruption.

Mohanty, 
Bhanumurthy 
(2018)

27 Indian States, 
2000−15

DEA Higher efficiency on education than 
on health and overall social spending. 
Governance and growth affects the 
efficiency. 

Montes et al. 
(2019)

68 developing 
and 14 developed 
countries, 2006–14

Panel, GMM Fiscal transparency affects government 
spending efficiency.

Antonelli, de 
Bonis (2019)

22 EU countries, 
2013

Median voter 
model

More efficient have higher education 
and GDP levels, smaller population size, 
lower degree of selectivity of their welfare 
systems and a lower corruption level.

Notes: DEA, data envelopment analysis; FDH, free disposal hull; GMM, Generalized Method of Moments.
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Government spending can have many (often competing) objectives (promoting stability, 
allocation and redistribution) and any definition of efficiency must be understood in this 
Musgravian sense. Following the related literature, we use a set of metrics to construct 
a composite indicator of Public Sector Performance (PSP), as suggested by Afonso et al. 
(2005, 2019). PSP is then computed as the average between opportunity and Musgravian 
indicators. In that vein, we distinguish the role of government in providing ‘opportunities’ 
and a level playing field in the markets and the traditional Musgravian functions of the 
government.

First, opportunity indicators reflect governments’ performance in the administration, educa-
tion, health and infrastructure sectors. The administration sub-indicator includes the following 
measures: corruption, burden of government regulation (red tape), judiciary independence, 
shadow economy and property rights. To measure the education sub-indicator, we use the sec-
ondary school enrolment rate, quality of educational system and Programme for International 
Student Assessment (PISA) scores. For the health sub-indicator, we compile data on the infant 
survival rate, life expectancy and survival rate from cardiovascular diseases (CVD), cancer, 
diabetes or chronic respiratory diseases (CRD). The infrastructure sub-indicator is measured 
by the quality of overall infrastructure.

Second, Musgravian indicators assess governments’ performance in allocation, dis-
tribution and stabilization. Our socio-economic proxies for performance include three 
sub-indicators: distribution, stability and economic performance. To measure income 
distribution and inequality, we use the Gini coefficient. For the stability sub-indicator, we 
use the coefficient of variation for the 5-year average of Gross Domestic Product (GDP) 
growth and the rolling overlapping standard deviation of 5 years inflation rate. To measure 
economic performance, we include the 5-year average of real GDP per capita, real GDP 
growth and unemployment rate. Accordingly, both opportunity and Musgravian indica-
tors result from the average of the measures included in each sub-indicator. To ensure a 
convenient benchmark, each sub-indicator measure is normalized by dividing the value of 
a specific country by the average of that measure for all countries in the sample. Table 3.2 
lists all sub-indicators to construct the PSP indicators and provides further information on 
the sources and variable construction.

Table 3.2 DEA output components

Sub Index Variable Source Series
Opportunity Indicators
Administration Corruption Transparency 

International’s 
Corruption Perceptions 
Index (CPI) (2006−17)

Corruption on a scale from 10 
(Perceived to have low levels of 
corruption) to 0 (highly corrupt), 
2006–11; Corruption on a scale from 
100 (Perceived to have low levels 
of corruption) to 0 (highly corrupt), 
2012–17.

Red Tape World Economic 
Forum: The Global 
competitiveness 
Report (2006–17)

Burden of government regulation on 
a scale from 7 (not burdensome at all) 
to 1 (extremely burdensome).
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Sub Index Variable Source Series
Judicial 
Independence

World Economic 
Forum: The Global 
competitiveness 
Report (2006–17)

Judicial independence on a scale from 
7 (entirely independent) to 1 (heavily 
influenced).

Property Rights World Economic 
Forum: The Global 
competitiveness 
Report (2006–17)

Property rights on a scale from 7 (very 
strong) to 1 (very weak).

Shadow 
Economy

Schneider (2016) 
(2006–16)8

Shadow economy measured 
as percentage of official GDP. 
Reciprocal value 1/x. 

Education Secondary 
School 
Enrolment 

World Bank, World 
Development 
Indicators (2006–17)

Ratio of total enrolment in secondary 
education.

Quality of 
Educational 
System

World Economic 
Forum: The Global 
competitiveness 
Report (2006–17)

Quality of educational system on a 
scale from 7 (very well) to 1 (not well 
at all).

 PISA Scores PISA Report (2003, 
2006, 2009, 2012, 
2015)

Simple average of mathematics, 
reading and science scores for the 
years 2015, 2012, 2009; Simple 
average of mathematics and reading 
for the year 2003. For the missing 
years, we assumed that the scores 
were the same as in the previous 
years.

Health Infant Survival 
Rate

World Bank, World 
Development 
Indicators (2006–17)

Infant survival rate = (1000−
IMR)/1000. IMR is the infant 
mortality rate measured per 1000 lives 
birth in a given year.

Life 
Expectancy 

World Bank, World 
Development 
Indicators (2006–17)

Life expectancy at birth, measured in 
years.

 CVD, Cancer, 
Diabetes or 
CRD Survival 
Rate

World Health 
Organization, Global 
Health Observatory 
Data Repository 
(2000, 2005, 2010, 
2015, 2016)

CVD, cancer and diabetes survival 
rate = 100 − M. M is the mortality 
rate between the ages 30 and 70. For 
the missing years, we assumed that 
the scores were the same as in the 
previous years.

Public 
Infrastructure

Infrastructure 
Quality

World Economic 
Forum: The Global 
competitiveness 
Report (2006–17)

Infrastructure quality on a scale 
from 7 (extensive and efficient) to 1 
(extremely underdeveloped).

Table 3.2 (Continued)

(Continued)
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Table 3.2 (Continued)

Sub Index Variable Source Series
Standard Musgravian Indicators

Distribution Gini Index Eurostat, OECD 
(2006–16)9

Gini index on a scale from 1 (perfect 
inequality) to 0 (perfect equality). 
Transformed to 1-Gini.

Stabilization Coefficient of 
Variation of 
Growth 

IMF World Economic 
Outlook (WEO 
database) (2006–17)

Coefficient of variation=standard 
deviation/mean of GDP growth based 
on 5-year data. GDP constant prices 
(% change). Reciprocal; value 1/x.

 Standard 
Deviation of 
Inflation

IMF World Economic 
Outlook (WEO 
database) (2006–17)

Standard deviation of inflation based 
on 5-year consumer prices (% change) 
data. Reciprocal value 1/x. 

Economic 
Performance

GDP per 
Capita

IMF World Economic 
Outlook (WEO 
database) (2006–17)

GDP per capita based on Purchasing 
Power Parity (PPP), current 
international dollar.

GDP Growth IMF World Economic 
Outlook (WEO 
database) (2006–17)

GDP constant prices (% change).

 Unemployment IMF World Economic 
Outlook (WEO 
database) (2006–17)

Unemployment rate, as a percentage 
of total labour force. Reciprocal value 
1/x.

Table 3.3 Input components

Sub Index Variable Source Series
Opportunity Indicators
Administration Government 

Consumption
IMF World Economic 
Outlook (WEO database) 
(2005–16)

General government final 
consumption expenditure  
(% of GDP) at current prices.

Education Education 
Expenditure

UNESCO Institute for 
Statistics (2005–16)10 

Expenditure on education  
(% of GDP).

Health Health 
Expenditure

OECD database (2005–16) Expenditure on health  
(% of GDP).

Public 
Infrastructure

Public 
Investment

European Commission, 
AMECO (2005–16)11 

General government gross 
fixed capital formation  
(% of GDP) at current prices.

Standard Musgravian Indicators
Distribution Social Protection 

Expenditure
OECD database (2005–16)12 Aggregation of the social 

transfers (% of GDP).
Stabilization/ 
Economic 
Performance 

Government 
Total 
Expenditure

OECD database (2005–16)13 Expenditure total expenditure 
(% of GDP).

Note: AMECO is the annual macro-economic database of the European Commission’s Directorate General for 
Economic and Financial Affairs.
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Our input measure, Public Expenditure (PE), is expressed as a percentage of GDP and it 
considers each area of government expenditure. More specifically, we consider government 
consumption as input for administrative performance, government expenditure in education 
as input for education performance, health expenditure as input for health performance and 
public investment as input for infrastructure performance. For the distribution indicator, we 
consider expenditures on transfers and subsidies. The stability and economic performance are 
related to the total expenditure. Table 3.3 includes data on various governments’ expenditures 
and provides further information on the sources and variable construction.

Tables 3.4 and 3.5 show the evolution of the standardized PSP and PE indicators, respec-
tively, normalized to one in each year. For instance, the overall dispersion of the PSP indicator, 
although not too different between 2006 and 2017, increased during the European debt crisis 
of 2011–13. Note that Greece presented a negative performance on the stability and economic 
performance sub-indicators in years 2012 and 2013 and, consequently, the Musgravian and the 
overall PSP score are negatives. In addition, in 2012 and 2013 we witness a higher volatility 
in the PSP indicator for the full country sample, which can be linked to the changes in major 
economic indicators in the aftermath of the Global and Financial Crisis.

Table 3.4 PSP standardized indicator

 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
AUS 1.11 1.09 1.27 1.35 1.45 1.53 2.16 1.94 1.22 1.19 1.17 1.28
AUT 1.12 1.09 1.21 1.09 1.09 1.10 1.07 0.97 1.03 1.00 1.02 1.01
BEL 0.99 1.00 1.01 0.98 1.02 1.02 0.98 0.96 0.96 0.96 0.98 0.97
CAN 1.13 1.08 1.31 1.05 1.10 1.10 1.19 1.17 1.24 1.08 1.13 1.09
CHE 1.21 1.23 1.35 1.20 1.25 1.25 1.28 1.34 1.33 1.29 1.27 1.19
CHL 0.87 0.87 1.10 0.89 1.03 1.07 1.43 1.30 0.94 0.92 0.85 0.81
CZE 0.91 0.94 1.09 0.94 0.92 0.90 0.76 0.77 0.91 0.96 0.91 0.97
DEU 1.00 0.98 1.09 1.03 1.08 1.08 1.05 1.02 1.09 1.04 1.06 1.06
DNK 1.09 1.07 0.99 1.08 1.04 1.00 0.96 0.96 1.06 1.05 1.05 1.16
ESP 1.19 1.15 1.03 0.89 0.83 0.76 0.41 0.37 0.78 0.83 0.85 0.85
EST 1.00 0.99 0.40 0.95 0.79 0.91 1.02 0.86 0.94 0.89 0.93 0.94
FIN 1.05 1.07 1.05 1.07 1.05 1.04 0.84 0.89 0.95 0.91 0.97 0.99
FRA 1.14 1.06 1.01 0.99 1.00 1.01 0.96 0.97 1.00 0.97 0.99 1.01
GBR 1.11 1.08 0.89 1.02 1.00 0.96 1.02 1.02 1.11 1.07 1.07 1.02
GRC 0.95 0.95 0.82 0.87 0.61 0.42 −0.22 −0.12 0.62 0.64 0.67 0.71
HUN 1.01 0.76 0.82 0.83 0.75 0.75 0.60 0.76 0.86 0.83 0.80 0.91
IRL 1.02 1.02 0.65 0.91 0.87 0.91 0.80 0.93 1.11 1.43 1.06 1.19
ISL 1.05 1.12 1.14 1.05 0.84 0.94 0.91 1.01 0.99 1.11 1.18 1.09
ISR 0.84 0.89 1.09 1.01 1.21 1.28 1.49 1.55 1.03 0.98 1.07 1.06
ITA 0.92 0.89 0.73 0.84 0.82 0.77 0.44 0.55 0.73 0.73 0.73 0.80
JPN 1.03 1.20 0.89 0.99 1.04 0.94 1.04 1.10 0.99 1.03 1.04 1.01
KOR 1.00 1.05 1.23 1.15 1.32 1.29 1.49 1.43 1.06 1.18 1.29 1.37

(Continued)
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 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
LTU 0.92 0.95 0.97 0.90 0.74 0.85 0.96 0.87 0.92 0.89 0.94 0.90
LUX 1.15 1.16 0.98 1.12 1.19 1.12 0.99 1.21 1.19 1.08 1.09 1.08
LVA 0.95 0.96 0.44 0.87 0.57 0.78 0.87 0.76 0.79 0.88 0.92 0.87
MEX 0.80 0.79 0.87 0.85 0.93 0.90 1.14 0.93 1.08 1.00 0.94 0.81
NLD 0.98 1.09 1.35 1.23 1.17 1.13 0.94 0.90 0.99 1.01 1.00 1.03
NOR 1.04 1.06 1.07 1.13 1.09 1.09 1.30 1.19 1.16 1.17 1.07 1.09
NZL 1.03 1.03 0.92 1.09 1.14 1.13 1.35 1.55 1.20 1.11 1.24 1.09
POL 0.80 0.82 1.12 1.04 1.21 1.38 1.63 1.31 0.90 0.89 0.90 0.91
PRT 0.83 0.86 0.97 0.86 0.87 0.74 0.35 0.53 0.78 0.80 0.82 0.91
SVK 0.90 0.89 1.23 0.92 0.96 0.89 0.95 0.84 0.87 0.91 0.90 0.90
SVN 0.94 0.94 1.19 0.99 0.89 0.84 0.54 0.67 0.88 0.84 0.86 0.91
SWE 1.04 1.05 0.92 1.05 1.18 1.10 0.96 1.07 1.05 1.17 1.14 1.03
TUR 0.80 0.76 0.79 0.81 0.98 1.06 1.22 1.31 0.99 0.97 0.93 0.89
USA 1.06 1.06 1.01 0.96 0.98 0.95 1.11 1.10 1.25 1.18 1.15 1.10
Average 1 1 1 1 1 1 1 1 1 1 1 1
Median 1.01 1.02 1.01 0.99 1.01 1.01 0.98 0.97 0.99 0.99 0.99 1.01
Min 0.80 0.76 0.40 0.81 0.57 0.42 −0.22 −0.12 0.62 0.64 0.67 0.71
Max 1.21 1.23 1.35 1.35 1.45 1.53 2.16 1.94 1.33 1.43 1.29 1.37
Standard 
deviation

0.11 0.12 0.22 0.12 0.19 0.21 0.41 0.36 0.16 0.16 0.14 0.14

Source: Authors’ calculations.

Table 3.5 PE standardized indicator

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
AUS 0.84 0.84 0.84 0.86 0.80 0.80 0.81 0.81 0.82 0.84 0.85 0.86
AUT 1.22 1.21 1.21 1.19 1.17 1.17 1.16 1.16 1.18 1.19 1.18 1.20
BEL 1.15 1.12 1.13 1.14 1.13 1.12 1.16 1.19 1.20 1.20 1.19 1.19
CAN 0.97 0.98 1.00 0.96 0.98 1.00 0.99 0.98 0.96 0.94 0.98 1.00
CHE 0.92 0.88 0.85 0.83 0.81 0.82 0.84 0.86 0.87 0.87 0.88 0.91
CHL 0.54 0.53 0.55 0.57 0.56 0.55 0.55 0.56 0.58 0.60 0.63 0.63
CZE 1.00 0.99 0.96 0.95 0.97 0.95 0.95 0.96 0.94 0.94 0.96 0.89
DEU 1.14 1.12 1.09 1.06 1.09 1.08 1.06 1.06 1.06 1.06 1.06 1.09
DNK 1.34 1.32 1.33 1.29 1.32 1.35 1.37 1.37 1.37 1.35 1.34 1.35
ESP 0.95 0.96 0.99 1.00 1.03 1.04 1.04 1.02 0.99 0.98 0.98 0.95
EST 0.85 0.86 0.89 0.99 1.05 0.94 0.90 0.96 0.93 0.92 0.96 0.98
FIN 1.22 1.20 1.18 1.17 1.22 1.22 1.25 1.32 1.35 1.37 1.36 1.38

Table 3.4 (Continued)
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
FRA 1.32 1.32 1.33 1.30 1.28 1.29 1.30 1.32 1.33 1.33 1.31 1.35
GBR 0.93 0.97 0.98 1.01 1.01 1.03 1.03 1.03 1.02 1.01 1.00 1.01
GRC 1.06 1.10 1.10 1.15 1.14 1.08 1.10 1.12 1.15 1.09 1.12 1.11
HUN 1.15 1.21 1.16 1.08 1.02 1.02 1.02 1.02 1.04 1.07 1.11 0.98
IRL 0.88 0.90 0.98 1.10 1.08 1.23 1.04 0.98 0.93 0.87 0.70 0.70
ISL 1.05 1.07 1.08 1.09 0.97 0.95 0.93 0.95 0.95 0.97 0.93 1.04
ISR 0.97 0.97 0.95 0.92 0.85 0.85 0.85 0.87 0.87 0.86 0.86 0.86
ITA 1.10 1.11 1.10 1.10 1.09 1.07 1.07 1.09 1.10 1.10 1.09 1.09
JPN 0.92 0.91 0.92 0.91 0.93 0.94 1.00 1.01 1.02 1.01 0.99 1.01
KOR 0.54 0.57 0.58 0.60 0.59 0.57 0.59 0.60 0.61 0.63 0.64 0.65
LTU 0.81 0.84 0.91 0.94 1.00 0.95 0.94 0.84 0.81 0.80 0.80 0.80
LUX 1.15 1.04 1.01 1.03 1.06 1.06 1.02 1.03 1.00 0.99 0.99 1.02
LVA 0.79 0.85 0.85 0.87 0.93 0.94 0.90 0.90 0.89 0.86 0.88 0.86
MEX 0.42 0.42 0.44 0.45 0.43 0.43 0.44 0.44 0.43 0.44 0.44 0.44
NLD 1.04 1.08 1.07 1.06 1.07 1.09 1.10 1.11 1.10 1.09 1.07 1.07
NOR 1.11 1.07 1.11 1.05 1.11 1.09 1.09 1.10 1.14 1.19 1.26 1.34
NZL 0.99 1.02 1.01 0.98 0.96 1.00 1.11 1.00 0.95 0.94 0.93 0.92
POL 1.06 1.08 1.06 1.06 0.99 1.04 1.03 0.99 0.98 1.00 0.98 0.98
PRT 1.11 1.07 1.06 1.05 1.08 1.14 1.09 1.04 1.06 1.06 1.04 0.99
SVK 0.95 0.92 0.89 0.86 0.93 0.92 0.92 0.91 0.93 0.96 1.07 0.96
SVN 1.10 1.10 1.06 1.06 1.07 1.10 1.12 1.11 1.20 1.13 1.09 1.03
SWE 1.33 1.30 1.27 1.24 1.22 1.19 1.24 1.30 1.31 1.30 1.27 1.31
TUR 0.80 0.80 0.79 0.77 0.73 0.69 0.68 0.72 0.72 0.71 0.72 0.73
USA 0.88 0.88 0.91 0.94 0.93 0.91 0.91 0.88 0.85 0.94 0.95 0.97
Average 1 1 1 1 1 1 1 1 1 1 1 1
Median 0.99 1.00 1.00 1.02 1.01 1.03 1.03 1.00 0.99 0.98 0.99 0.98
Min 0.42 0.42 0.44 0.45 0.43 0.43 0.44 0.44 0.43 0.44 0.44 0.44
Max 1.34 1.32 1.33 1.30 1.32 1.35 1.37 1.37 1.37 1.37 1.36 1.38
Stdev 0.21 0.20 0.20 0.19 0.19 0.20 0.20 0.20 0.21 0.21 0.21 0.21

Source: Authors’ calculations.

4.  METHODOLOGY

To compute efficiency, the previously surveyed papers use several parametric and non-
parametric methodologies. Parametric approaches include corrected ordinary least squares 
(OLS) and stochastic frontier analysis (SFA). Among the non-parametric techniques, data 

Table 3.5 (Continued)
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envelopment analysis (DEA) and free disposal hull (FDH) have been widely applied in the 
literature. Most of the studies estimate a non-parametric production function frontier and 
derive efficiency scores based on the relative distances of inefficient observations from the 
frontier. The use of a non-parametric approach has the advantage of considering, for instance, 
production functions with several outputs. On the other hand, in a non-parametric set-up, dif-
ferences across countries are not statistically assessed, which can be considered as a drawback 
of such methodology. Figure 3.2 illustrates some of the possible methods available to assess 
efficiency.

Following the literature, in order to compute public sector efficiency scores, we use a 
DEA approach,14 which compares each observation with an optimal outcome. DEA is a non-
parametric technique that uses linear programming to compute the production frontier. For 
each country i out of 36 advanced economies, we consider the following function:

 ( )= = …,  , ,1 36Y f X ii i  (3.1)

where Y is the composite output measure (Public Sector Performance, PSP) and X is the com-
posite input measure (Public Expenditure, PE), namely government spending to GDP ratio.

In Equation (3.1), inefficiency occurs if Yi < f (Xi), implying that, for the observed input 
level, the actual output is smaller than the best attainable one.

In computing the efficiency scores, we assume variable returns to scale (VRS) to account 
for the fact that countries might not operate at their optimal scale.

Cost efficiency
Technical efficiency

Productivity

Frontier Analysis

Parametric

Extensions for Panel Data

Two-step
analysis

Tobit

Bootstrap

Non-parametric

Total Factor
Productivity

Partial
Indicators

Malmquist Indices

Fixed Effects GLS Random Effects

Deterministic
(COLS)

Stochastic
(SFA)

DEA FDH

Source: Own elaboration.

Figure 3.2 Methods to assess efficiency
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We use two orientations: input and output orientation. The input orientation allows us to 
measure the proportional reduction in inputs while holding output constant. Using the input 
approach, efficient scores are computed through the following linear programming problem:
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where yi is a column vector of outputs, xi is a column vector of inputs, θ is the input efficiency 
score, λ is a vector of constants, I1′ is a vector of ones, X is the input matrix and Y is the output 
matrix.

In Equation (3.2), θ is a scalar (that satisfies 0 ≤ θ ≤ 1) and measures the distance between 
a country and the efficiency frontier, defined as a linear combination of the best practice 
observations. With θ < 1, the country is inside the frontier, it is inefficient, while θ = 1 implies 
that the country is on the frontier and it is efficient.

Conversely the output orientation allows us to measure the proportion increase in outputs 
holding inputs constant. In this approach, the efficiency scores are computed through the 
following linear programming problem:
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In Equation (3.3), ϕ is a scalar (that satisfies 1 ≤ ϕ ≤ + ∞), and ϕ – 1 is the proportional 
increase in outputs that could be achieved by each country with input quantities held constant. 
In (3.3), 1/ ϕ defines the technical output efficiency score, varying between zero and one.

Both input and output approaches, deliver the same frontier in terms of the same set of efficient 
countries, but the magnitude of inefficiency per country may differ between the two approaches.

5.  PUBLIC SECTOR PERFORMANCE AND EFFICIENCY SCORES

We performed the DEA considering three models: baseline model (Model 0), which includes 
only one input (PE as percentage of GDP) and one output (PSP); Model 1 uses one input, 
governments’ normalized total spending (PE) and two outputs, the opportunity PSP and the 
Musgravian PSP scores; and Model 2 assumes two inputs, governments’ normalized spending 
on opportunity and on Musgravian indicators and one output, total PSP scores.

The detailed input efficient scores are illustrated on Tables 3.6, 3.7 and 3.8. In this analysis, 
we exclude Mexico because the country is efficient by default,15 and data heterogeneity is 
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Table 3.6 Input-oriented DEA VRS efficiency scores Model 0

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
AUS 0.88 0.77 0.80 1.00 1.00 1.00 1.00 1.00 0.93 0.76 0.75 0.76
AUT 0.62 0.52 0.48 0.50 0.48 0.47 0.48 0.48 0.51 0.51 0.54 0.54
BEL 0.47 0.50 0.49 0.51 0.50 0.49 0.47 0.47 0.48 0.50 0.53 0.54
CAN 0.80 0.64 0.77 0.61 0.58 0.55 0.56 0.57 0.82 0.66 0.65 0.65
CHE 1.00 1.00 1.00 0.81 0.72 0.69 0.66 0.67 1.00 0.84 0.73 0.71
CHL 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
CZE 0.54 0.55 0.57 0.61 0.57 0.58 0.58 0.58 0.61 0.64 0.66 0.72
DEU 0.47 0.49 0.50 0.55 0.52 0.51 0.52 0.53 0.60 0.58 0.60 0.59
DNK 0.53 0.46 0.41 0.46 0.42 0.41 0.40 0.41 0.44 0.45 0.48 0.48
ESP 0.93 0.77 0.55 0.57 0.54 0.53 0.53 0.55 0.58 0.61 0.64 0.67
EST 0.64 0.65 0.62 0.58 0.53 0.58 0.61 0.58 0.62 0.65 0.66 0.65
FIN 0.52 0.51 0.46 0.51 0.46 0.45 0.44 0.42 0.43 0.43 0.46 0.46
FRA 0.60 0.44 0.41 0.45 0.44 0.43 0.43 0.42 0.45 0.45 0.48 0.47
GBR 0.79 0.64 0.56 0.58 0.55 0.53 0.54 0.54 0.65 0.61 0.63 0.64
GRC 0.51 0.50 0.50 0.50 0.49 0.51 0.50 0.50 0.50 0.55 0.56 0.57
HUN 0.49 0.43 0.47 0.53 0.55 0.54 0.54 0.54 0.55 0.56 0.57 0.65
IRL 0.66 0.63 0.56 0.52 0.51 0.45 0.53 0.57 0.71 1.00 0.91 0.92
ISL 0.61 0.65 0.52 0.54 0.58 0.58 0.59 0.59 0.62 0.64 0.69 0.62
ISR 0.55 0.55 0.58 0.64 0.68 0.67 0.68 0.75 0.69 0.70 0.74 0.75
ITA 0.49 0.48 0.50 0.52 0.51 0.51 0.52 0.51 0.52 0.54 0.57 0.58
JPN 0.64 0.90 0.60 0.64 0.60 0.59 0.55 0.55 0.58 0.60 0.64 0.63
KOR 1.00 1.00 1.00 1.00 1.00 1.00 0.97 1.00 1.00 1.00 1.00 1.00
LTU 0.66 0.65 0.60 0.61 0.56 0.57 0.59 0.66 0.71 0.75 0.79 0.80
LUX 0.70 0.73 0.54 0.58 0.54 0.52 0.54 0.54 0.73 0.63 0.64 0.63
LVA 0.68 0.65 0.65 0.66 0.60 0.58 0.62 0.62 0.64 0.69 0.72 0.74
NLD 0.52 0.59 0.79 0.67 0.54 0.51 0.50 0.50 0.54 0.56 0.59 0.60
NOR 0.54 0.54 0.50 0.58 0.51 0.51 0.51 0.51 0.62 0.53 0.51 0.48
NZL 0.59 0.55 0.54 0.61 0.59 0.56 0.50 0.65 0.78 0.66 0.69 0.70
POL 0.51 0.49 0.52 0.56 0.58 0.63 0.60 0.57 0.59 0.60 0.64 0.65
PRT 0.48 0.50 0.52 0.54 0.52 0.48 0.51 0.54 0.54 0.56 0.61 0.64
SVK 0.57 0.58 0.67 0.67 0.60 0.60 0.60 0.61 0.62 0.62 0.59 0.66
SVN 0.49 0.49 0.54 0.55 0.52 0.50 0.50 0.50 0.48 0.53 0.58 0.62
SWE 0.46 0.44 0.43 0.48 0.47 0.46 0.45 0.43 0.46 0.48 0.50 0.49
TUR 0.67 0.66 0.69 0.74 0.76 0.79 0.82 0.78 0.83 0.84 0.88 0.87
USA 0.72 0.67 0.60 0.62 0.60 0.60 0.61 0.63 0.93 0.66 0.68 0.66
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Count 2 3 3 3 3 3 2 3 3 3 2 2
Average 0.64 0.62 0.60 0.61 0.59 0.58 0.58 0.59 0.65 0.64 0.65 0.66
Median 0.60 0.58 0.55 0.58 0.55 0.54 0.54 0.55 0.62 0.61 0.64 0.65
Min 0.46 0.43 0.41 0.45 0.42 0.41 0.40 0.41 0.43 0.43 0.46 0.46
Max 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Stdev 0.16 0.16 0.16 0.14 0.15 0.15 0.15 0.15 0.17 0.15 0.13 0.14

Source: Authors’ calculations.

Table 3.7 Input-oriented DEA VRS efficiency scores Model 1

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
AUS 0.94 0.81 0.85 1.00 1.00 1.00 1.00 1.00 0.96 0.77 0.75 0.76
AUT 0.72 0.63 0.58 0.60 0.60 0.59 0.59 0.61 0.62 0.64 0.66 0.64
BEL 0.55 0.59 0.56 0.61 0.61 0.61 0.58 0.58 0.60 0.62 0.64 0.64
CAN 0.81 0.66 0.77 0.65 0.63 0.61 0.61 0.63 0.83 0.69 0.68 0.68
CHE 1.00 1.00 1.00 0.83 0.75 0.74 0.72 0.71 1.00 0.86 0.75 0.73
CHL 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
CZE 0.55 0.55 0.59 0.66 0.61 0.64 0.64 0.66 0.70 0.71 0.69 0.78
DEU 0.60 0.62 0.61 0.69 0.64 0.63 0.63 0.65 0.70 0.69 0.70 0.69
DNK 0.60 0.53 0.47 0.54 0.51 0.50 0.49 0.50 0.51 0.53 0.55 0.53
ESP 0.94 0.79 0.57 0.63 0.61 0.61 0.62 0.70 0.76 0.80 0.79 0.83
EST 0.65 0.68 0.67 0.59 0.58 0.65 0.66 0.60 0.65 0.68 0.67 0.67
FIN 0.60 0.61 0.54 0.61 0.58 0.57 0.55 0.53 0.54 0.55 0.57 0.56
FRA 0.67 0.52 0.48 0.55 0.54 0.54 0.53 0.53 0.55 0.57 0.60 0.57
GBR 0.92 0.72 0.63 0.68 0.67 0.64 0.63 0.66 0.72 0.69 0.71 0.70
GRC 0.57 0.53 0.56 0.60 0.59 0.65 0.68 0.69 0.69 0.73 0.73 0.72
HUN 0.55 0.47 0.54 0.68 0.70 0.68 0.67 0.68 0.68 0.64 0.61 0.76
IRL 0.67 0.64 0.56 0.56 0.59 0.54 0.62 0.67 0.79 1.00 0.96 0.94
ISL 0.67 0.72 0.57 0.60 0.58 0.59 0.62 0.61 0.63 0.64 0.71 0.64
ISR 0.58 0.55 0.59 0.68 0.73 0.72 0.72 0.78 0.73 0.75 0.77 0.78
ITA 0.59 0.55 0.60 0.66 0.65 0.67 0.67 0.69 0.72 0.75 0.77 0.77
JPN 0.67 0.94 0.65 0.74 0.71 0.69 0.63 0.64 0.65 0.67 0.70 0.68
KOR 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LTU 0.68 0.66 0.62 0.65 0.65 0.64 0.65 0.74 0.79 0.84 0.84 0.86
LUX 0.74 0.81 0.60 0.67 0.63 0.62 0.64 0.68 0.87 0.77 0.78 0.75
LVA 0.70 0.67 0.72 0.67 0.68 0.69 0.68 0.65 0.68 0.75 0.76 0.80

Table 3.6 (Continued)
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
NLD 0.56 0.61 0.79 0.70 0.58 0.56 0.56 0.57 0.59 0.62 0.64 0.63
NOR 0.57 0.58 0.51 0.61 0.55 0.57 0.57 0.56 0.64 0.55 0.53 0.50
NZL 0.62 0.56 0.57 0.62 0.60 0.56 0.54 0.67 0.82 0.68 0.73 0.71
POL 0.61 0.56 0.60 0.64 0.66 0.72 0.66 0.66 0.70 0.70 0.73 0.77
PRT 0.52 0.53 0.57 0.63 0.61 0.55 0.61 0.69 0.72 0.75 0.77 0.81
SVK 0.66 0.63 0.77 0.77 0.71 0.72 0.70 0.74 0.75 0.73 0.62 0.75
SVN 0.56 0.54 0.59 0.62 0.60 0.59 0.60 0.61 0.59 0.61 0.66 0.72
SWE 0.53 0.52 0.49 0.55 0.55 0.55 0.51 0.48 0.50 0.52 0.54 0.52
TUR 0.88 0.80 0.84 0.95 0.93 0.98 1.00 0.89 0.93 0.97 0.99 0.97
USA 0.87 0.79 0.73 0.69 0.60 0.61 0.61 0.64 1.00 0.82 0.81 0.79
Count 3 3 3 3 3 3 4 3 4 3 2 2
Average 0.70 0.67 0.65 0.68 0.66 0.66 0.66 0.68 0.73 0.72 0.73 0.73
Median 0.66 0.63 0.60 0.65 0.61 0.63 0.63 0.66 0.70 0.70 0.71 0.73
Min 0.52 0.47 0.47 0.54 0.51 0.50 0.49 0.48 0.50 0.52 0.53 0.50
Max 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Stdev 0.15 0.15 0.14 0.13 0.13 0.13 0.13 0.13 0.15 0.13 0.12 0.13

Source: Authors’ calculations.

Table 3.8 Input-oriented DEA VRS efficiency scores Model 2

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
AUS 0.98 0.89 0.86 1.00 1.00 1.00 1.00 1.00 0.97 0.88 0.85 0.86
AUT 0.67 0.63 0.65 0.64 0.62 0.61 0.62 0.63 0.63 0.63 0.61 0.62
BEL 0.61 0.58 0.59 0.58 0.55 0.56 0.55 0.55 0.57 0.58 0.59 0.59
CAN 0.80 0.74 0.78 0.76 0.73 0.71 0.73 0.74 0.84 0.79 0.74 0.75
CHE 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
CHL 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
CZE 0.54 0.56 0.58 0.61 0.57 0.58 0.58 0.58 0.61 0.64 0.66 0.72
DEU 0.68 0.65 0.67 0.67 0.63 0.62 0.66 0.69 0.70 0.72 0.68 0.70
DNK 0.65 0.61 0.58 0.59 0.55 0.55 0.51 0.51 0.54 0.56 0.56 0.57
ESP 1.00 1.00 0.57 0.57 0.54 0.53 0.55 0.59 0.62 0.66 0.67 0.69
EST 0.65 0.65 0.62 0.59 0.53 0.59 0.62 0.61 0.67 0.71 0.69 0.70
FIN 0.72 0.69 0.69 0.67 0.62 0.63 0.64 0.63 0.61 0.59 0.61 0.62
FRA 0.60 0.53 0.53 0.54 0.53 0.52 0.52 0.53 0.53 0.54 0.52 0.52
GBR 0.79 0.68 0.64 0.64 0.62 0.62 0.65 0.67 0.70 0.72 0.72 0.74
GRC 0.51 0.51 0.50 0.50 0.49 0.51 0.50 0.50 0.50 0.55 0.56 0.57
HUN 0.57 0.43 0.47 0.53 0.55 0.54 0.54 0.54 0.55 0.56 0.57 0.66

Table 3.7 (Continued)
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quite important for the country sample analysis. In addition, Table 3.9 provides a summary 
of the DEA results for the three models using an input-oriented assessment. The purpose of 
an input-oriented assessment is to study by how much input quantities can be proportionally 
reduced without changing the output quantities produced. The average efficiency score 
throughout the period is around 0.6 for the 1 input and 1 output model (Model 0) and around 0.7 
in the alternative models (Models 1 and 2). Interestingly, the average input efficiency scores 
have increased slightly between 2006 and 2017. Nevertheless, these results imply that some 
possible efficiency gains could be achieved with around 30 per cent less government spending, 
on average, without changing the PSP outputs.

Figure 3.3 illustrates the production possibility frontier for the baseline model (Model 0), 
for 2006 (first year of our sample) and for 2017 (last year of our sample), pinpointing notably 
the countries that define the frontier: Switzerland and Korea in 2006, and Chile and Korea 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
IRL 0.75 0.63 0.59 0.56 0.54 0.49 0.65 0.71 0.77 1.00 1.00 1.00
ISL 0.83 0.73 0.70 0.70 0.77 0.76 0.78 0.76 0.77 0.78 0.80 0.72
ISR 0.61 0.56 0.58 0.64 0.68 0.67 0.68 0.76 0.70 0.70 0.76 0.77
ITA 0.49 0.49 0.50 0.52 0.51 0.51 0.52 0.51 0.52 0.54 0.57 0.58
JPN 0.87 1.00 0.78 0.78 0.74 0.74 0.69 0.72 0.76 0.77 0.76 0.77
KOR 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LTU 0.66 0.67 0.60 0.61 0.56 0.57 0.59 0.66 0.72 0.75 0.79 0.80
LUX 0.71 0.81 0.69 0.71 0.67 0.66 0.71 0.72 0.76 0.78 0.74 0.75
LVA 0.68 0.67 0.65 0.66 0.60 0.58 0.62 0.62 0.64 0.69 0.72 0.74
NLD 0.78 0.70 1.00 0.74 0.67 0.67 0.71 0.72 0.75 0.76 0.76 0.79
NOR 0.66 0.61 0.58 0.65 0.57 0.57 0.59 0.62 0.64 0.62 0.55 0.55
NZL 0.75 0.63 0.63 0.72 0.71 0.69 0.65 0.80 0.81 0.83 0.82 0.83
POL 0.51 0.50 0.59 0.57 0.59 0.74 0.63 0.58 0.59 0.60 0.64 0.65
PRT 0.50 0.51 0.53 0.54 0.52 0.48 0.52 0.57 0.60 0.63 0.63 0.68
SVK 0.57 0.59 1.00 0.67 0.60 0.60 0.60 0.61 0.62 0.63 0.59 0.66
SVN 0.49 0.50 0.55 0.55 0.52 0.50 0.50 0.50 0.48 0.53 0.58 0.62
SWE 0.55 0.54 0.56 0.59 0.60 0.60 0.56 0.54 0.54 0.56 0.58 0.59
TUR 0.67 0.66 0.69 0.74 0.76 0.80 0.82 0.80 0.84 0.85 0.88 0.87
USA 0.92 0.81 0.79 0.75 0.71 0.72 0.73 0.80 0.97 0.81 0.80 0.84
Count 3 4 5 4 4 4 4 4 3 4 4 4
Average 0.71 0.68 0.68 0.67 0.65 0.65 0.66 0.68 0.70 0.71 0.71 0.73
Median 0.67 0.65 0.63 0.64 0.60 0.61 0.63 0.63 0.67 0.70 0.69 0.72
Min 0.49 0.43 0.47 0.50 0.49 0.48 0.50 0.50 0.48 0.53 0.52 0.52
Max 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Stdev 0.16 0.16 0.16 0.14 0.15 0.15 0.15 0.15 0.15 0.14 0.14 0.13

Source: Authors’ calculations.

Table 3.8 (Continued)
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Note: Figure 3.3 plots the production possibility frontiers for Model 0 for the years 2006 and 2017. In the vertical 
axis we have the total Public Sector Performance (PSP) composite indicator AUS – Australia; AUT – Austria;  
BEL – Belgium; CAN – Canada; CHE – Switzerland; CHL – Chile; CZE – Czech Republic; DEU – Germany; 
DNK – Denmark; ESP – Spain; EST – Estonia; FIN – Finland; FRA – France; GBR – United kingdom; GRC – 
Greece; HUN – Hungary; IRL – Ireland; ISL – Iceland; ISR – Israel; ITA – Italy; JPN – Japan; KOR – South Korea;  
LTU – Lithuania; LUX – Luxembourg; LVA – Latvia; MEX – Mexico; NLD – Netherlands; NOR – Norway;  
NZL – New Zealand; POL – Poland; PRT – Portugal; SVK – Slovakia; SVN – Slovenia; SWE – Sweden; TUR – 
Turkey; USA – United States of America.
Source: Authors’ calculations.

Figure 3.3 Production possibility frontier (input efficiency scores, Model 0)
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in 2017. For all the other countries inside the frontier, theoretically there would be room for 
improvement regarding efficiency gains.

Tables 3.10, 3.11 and 3.12 present the efficiency scores considering the output perspective. 
By computing output-oriented measures, one can assess how much output quantities can be 
proportionally increased without changing the input quantities used. Note that since Greece’s 
PSP score is negative in 2012 and 2013, we cannot compute its efficiency score for Models 
0 and 1.

Table 3.10 Output-oriented DEA VRS efficiency scores Model 0

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
AUS 1.05 1.10 1.06 1.00 1.00 1.00 1.00 1.00 1.05 1.18 1.10 1.07
AUT 1.08 1.14 1.11 1.24 1.32 1.39 2.03 1.99 1.29 1.44 1.26 1.36
BEL 1.22 1.23 1.33 1.38 1.41 1.51 2.20 2.03 1.38 1.50 1.31 1.41
CAN 1.07 1.14 1.03 1.29 1.32 1.40 1.82 1.65 1.07 1.33 1.14 1.25
CHE 1.00 1.00 1.00 1.11 1.16 1.23 1.68 1.44 1.00 1.11 1.01 1.15
CHL 1.15 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
CZE 1.32 1.32 1.24 1.44 1.57 1.70 2.86 2.51 1.46 1.50 1.41 1.41
DEU 1.21 1.26 1.24 1.31 1.34 1.42 2.06 1.89 1.22 1.37 1.21 1.30
DNK 1.11 1.15 1.37 1.25 1.39 1.52 2.26 2.01 1.26 1.36 1.23 1.18
ESP 1.02 1.07 1.31 1.52 1.75 2.01 5.26 5.18 1.70 1.72 1.51 1.62
EST 1.17 1.24 3.40 1.43 1.82 1.68 2.13 2.25 1.42 1.60 1.38 1.45
FIN 1.15 1.15 1.29 1.26 1.38 1.47 2.59 2.19 1.41 1.58 1.33 1.39
FRA 1.06 1.17 1.34 1.37 1.44 1.51 2.25 1.99 1.33 1.48 1.31 1.36
GBR 1.09 1.15 1.52 1.33 1.45 1.60 2.12 1.89 1.20 1.34 1.20 1.35
GRC 1.27 1.29 1.64 1.56 2.37 3.69 2.13 2.25 1.91 1.92
HUN 1.19 1.62 1.65 1.63 1.92 2.04 3.61 2.54 1.55 1.73 1.60 1.50
IRL 1.16 1.21 2.09 1.48 1.67 1.68 2.69 2.07 1.20 1.00 1.21 1.15
ISL 1.15 1.10 1.18 1.29 1.72 1.63 2.39 1.91 1.34 1.29 1.09 1.25
ISR 1.44 1.39 1.23 1.34 1.20 1.19 1.45 1.25 1.29 1.46 1.21 1.30
ITA 1.32 1.38 1.84 1.61 1.77 2.00 4.95 3.50 1.81 1.97 1.77 1.71
JPN 1.18 1.03 1.52 1.36 1.39 1.63 2.08 1.76 1.34 1.39 1.24 1.35
KOR 1.00 1.00 1.00 1.00 1.00 1.00 1.03 1.00 1.00 1.00 1.00 1.00
LTU 1.25 1.27 1.39 1.50 1.94 1.81 2.27 2.23 1.37 1.52 1.36 1.53
LUX 1.06 1.06 1.37 1.21 1.22 1.37 2.20 1.59 1.12 1.32 1.19 1.27
LVA 1.20 1.27 3.04 1.56 2.56 1.97 2.49 2.54 1.69 1.62 1.39 1.58
NLD 1.23 1.13 1.00 1.10 1.24 1.35 2.30 2.14 1.34 1.42 1.29 1.32
NOR 1.17 1.17 1.27 1.19 1.32 1.40 1.66 1.62 1.15 1.22 1.21 1.25
NZL 1.18 1.20 1.47 1.24 1.27 1.36 1.61 1.25 1.11 1.29 1.03 1.26
POL 1.52 1.50 1.21 1.30 1.20 1.11 1.33 1.48 1.48 1.61 1.43 1.50

(Continued)
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
PRT 1.45 1.43 1.39 1.58 1.66 2.08 6.12 3.66 1.70 1.79 1.57 1.51
SVK 1.35 1.38 1.09 1.46 1.51 1.71 2.27 2.31 1.54 1.57 1.43 1.53
SVN 1.29 1.31 1.14 1.37 1.63 1.83 3.98 2.89 1.50 1.71 1.49 1.51
SWE 1.16 1.18 1.47 1.28 1.23 1.40 2.25 1.82 1.27 1.23 1.13 1.33
TUR 1.43 1.57 1.68 1.58 1.44 1.33 1.45 1.32 1.18 1.32 1.38 1.53
USA 1.13 1.16 1.33 1.40 1.47 1.61 1.94 1.77 1.05 1.22 1.12 1.24
Count 2 3 3 3 3 3 2 3 3 3 2 2
Average 1.19 1.22 1.43 1.34 1.49 1.59 2.39 2.05 1.34 1.44 1.30 1.37
Median 1.17 1.18 1.33 1.34 1.41 1.51 2.20 1.95 1.33 1.42 1.26 1.35
Min 1 1 1 1 1 1 1 1 1 1 1 1
Max 1.52 1.62 3.40 1.63 2.56 3.69 6.12 5.18 2.13 2.25 1.91 1.92
Stdev 0.13 0.16 0.51 0.17 0.35 0.47 1.16 0.83 0.25 0.27 0.21 0.19

Source: Authors’ calculations.

Table 3.11 Output-oriented DEA VRS efficiency scores Model 1

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
AUS 1.02 1.07 1.03 1.00 1.00 1.00 1.00 1.00 1.02 1.12 1.10 1.07
AUT 1.08 1.14 1.11 1.24 1.32 1.39 2.03 1.99 1.29 1.44 1.26 1.36
BEL 1.22 1.23 1.33 1.38 1.41 1.51 2.20 2.03 1.38 1.50 1.31 1.41
CAN 1.07 1.14 1.03 1.29 1.32 1.40 1.82 1.65 1.07 1.33 1.14 1.25
CHE 1.00 1.00 1.00 1.10 1.14 1.18 1.64 1.44 1.00 1.07 1.01 1.15
CHL 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
CZE 1.32 1.32 1.24 1.44 1.57 1.70 2.86 2.51 1.46 1.50 1.41 1.41
DEU 1.21 1.26 1.24 1.31 1.34 1.42 2.06 1.89 1.22 1.37 1.21 1.30
DNK 1.11 1.15 1.37 1.25 1.39 1.52 2.26 2.01 1.26 1.36 1.23 1.18
ESP 1.02 1.07 1.31 1.52 1.75 2.01 5.26 5.18 1.64 1.72 1.51 1.62
EST 1.14 1.19 3.33 1.43 1.82 1.68 2.13 2.25 1.42 1.55 1.38 1.45
FIN 1.15 1.15 1.29 1.26 1.38 1.47 2.59 2.19 1.41 1.58 1.33 1.39
FRA 1.06 1.17 1.34 1.37 1.44 1.51 2.25 1.99 1.33 1.48 1.31 1.36
GBR 1.03 1.15 1.52 1.33 1.45 1.60 2.12 1.89 1.20 1.34 1.20 1.35

GRC 1.27 1.29 1.64 1.56 2.37 3.69 2.13 2.25 1.91 1.92
HUN 1.19 1.62 1.65 1.63 1.92 2.04 3.61 2.54 1.55 1.73 1.60 1.50
IRL 1.15 1.21 2.09 1.48 1.67 1.68 2.69 2.07 1.18 1.00 1.21 1.15
ISL 1.15 1.10 1.18 1.29 1.72 1.63 2.39 1.91 1.34 1.26 1.09 1.25
ISR 1.44 1.39 1.23 1.34 1.19 1.17 1.41 1.25 1.28 1.41 1.21 1.30
ITA 1.32 1.38 1.84 1.61 1.77 2.00 4.95 3.50 1.81 1.97 1.77 1.71

Table 3.10 (Continued)
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
JPN 1.17 1.03 1.52 1.33 1.39 1.62 2.08 1.76 1.34 1.39 1.24 1.35
KOR 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LTU 1.24 1.25 1.39 1.50 1.94 1.81 2.27 2.18 1.35 1.51 1.36 1.53
LUX 1.06 1.06 1.37 1.21 1.22 1.37 2.20 1.59 1.10 1.32 1.19 1.27
LVA 1.19 1.24 2.94 1.53 2.56 1.96 2.49 2.54 1.69 1.57 1.39 1.58
NLD 1.23 1.13 1.00 1.10 1.24 1.35 2.30 2.14 1.34 1.42 1.29 1.32
NOR 1.17 1.17 1.27 1.19 1.32 1.40 1.66 1.62 1.15 1.22 1.21 1.25
NZL 1.17 1.20 1.47 1.24 1.27 1.36 1.61 1.25 1.11 1.23 1.03 1.26
POL 1.52 1.50 1.21 1.30 1.20 1.11 1.33 1.48 1.48 1.61 1.43 1.50
PRT 1.45 1.43 1.39 1.58 1.66 2.08 6.12 3.66 1.70 1.79 1.57 1.51
SVK 1.31 1.37 1.08 1.40 1.51 1.67 2.23 2.25 1.49 1.57 1.43 1.53
SVN 1.29 1.31 1.14 1.37 1.63 1.83 3.98 2.89 1.50 1.71 1.49 1.51
SWE 1.16 1.18 1.47 1.28 1.23 1.40 2.25 1.82 1.27 1.23 1.13 1.33
TUR 1.31 1.44 1.60 1.44 1.37 1.23 1.00 1.22 1.12 1.26 1.38 1.53
USA 1.04 1.07 1.28 1.35 1.47 1.61 1.94 1.77 1.00 1.09 1.12 1.24
Count 3 3 3 3 3 3 4 3 4 3 2 2
Average 1.18 1.21 1.43 1.33 1.49 1.58 2.37 2.04 1.33 1.43 1.30 1.37
Median 1.17 1.18 1.31 1.33 1.39 1.51 2.20 1.95 1.33 1.41 1.26 1.35
Min 1 1 1 1 1 1 1 1 1 1 1 1
Max 1.52 1.62 3.33 1.63 2.56 3.69 6.12 5.18 2.13 2.25 1.91 1.92
Stdev 0.13 0.15 0.50 0.17 0.35 0.47 1.18 0.83 0.26 0.28 0.21 0.19

Source: Authors’ calculations.

Table 3.12 Output-oriented DEA VRS efficiency scores Model 2

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
AUS 1.01 1.05 1.05 1.00 1.00 1.00 1.00 1.00 1.02 1.08 1.09 1.01
AUT 1.05 1.06 1.05 1.05 1.06 1.07 1.08 1.08 1.09 1.11 1.12 1.14
BEL 1.13 1.13 1.13 1.14 1.15 1.14 1.14 1.14 1.14 1.16 1.14 1.17
CAN 1.07 1.08 1.03 1.08 1.07 1.08 1.08 1.09 1.06 1.11 1.12 1.11
CHE 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
CHL 1.01 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
CZE 1.28 1.31 1.21 1.30 1.29 1.28 1.28 1.31 1.31 1.30 1.31 1.27
DEU 1.08 1.08 1.08 1.09 1.10 1.10 1.09 1.09 1.10 1.10 1.12 1.12
DNK 1.03 1.03 1.05 1.06 1.06 1.05 1.09 1.11 1.09 1.09 1.10 1.06
ESP 1.00 1.00 1.24 1.25 1.23 1.22 1.20 1.19 1.21 1.23 1.24 1.25
EST 1.16 1.23 1.25 1.23 1.21 1.20 1.21 1.21 1.20 1.22 1.21 1.21

Table 3.11 (Continued)

(Continued)
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
FIN 1.02 1.02 1.02 1.04 1.04 1.03 1.02 1.02 1.03 1.05 1.04 1.04
FRA 1.06 1.09 1.10 1.11 1.10 1.10 1.11 1.11 1.13 1.14 1.16 1.17
GBR 1.09 1.12 1.16 1.17 1.15 1.12 1.11 1.11 1.12 1.12 1.12 1.14
GRC 1.26 1.25 1.38 1.39 1.40 1.41 1.42 1.39 1.38 1.41 1.43 1.44
HUN 1.18 1.38 1.44 1.42 1.37 1.37 1.37 1.36 1.35 1.40 1.46 1.36
IRL 1.13 1.19 1.21 1.19 1.19 1.16 1.11 1.11 1.11 1.00 1.00 1.00
ISL 1.02 1.05 1.06 1.05 1.05 1.06 1.07 1.09 1.10 1.10 1.08 1.11
ISR 1.20 1.22 1.23 1.27 1.19 1.16 1.17 1.15 1.29 1.28 1.19 1.17
ITA 1.31 1.35 1.46 1.43 1.41 1.41 1.41 1.34 1.36 1.41 1.40 1.40
JPN 1.06 1.00 1.09 1.10 1.10 1.09 1.10 1.08 1.07 1.07 1.09 1.10
KOR 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LTU 1.24 1.21 1.38 1.36 1.36 1.35 1.33 1.31 1.27 1.24 1.25 1.24
LUX 1.05 1.03 1.11 1.08 1.07 1.08 1.08 1.07 1.07 1.09 1.11 1.11
LVA 1.18 1.18 1.43 1.39 1.38 1.39 1.37 1.34 1.32 1.32 1.36 1.35
NLD 1.06 1.06 1.00 1.03 1.07 1.06 1.04 1.04 1.04 1.03 1.05 1.05
NOR 1.11 1.12 1.15 1.10 1.14 1.15 1.11 1.12 1.12 1.11 1.14 1.11
NZL 1.10 1.13 1.15 1.10 1.10 1.09 1.06 1.02 1.07 1.08 1.02 1.10
POL 1.47 1.49 1.10 1.25 1.13 1.03 1.27 1.30 1.38 1.38 1.39 1.34
PRT 1.23 1.23 1.25 1.23 1.23 1.22 1.20 1.19 1.18 1.20 1.23 1.21
SVK 1.34 1.36 1.00 1.36 1.38 1.43 1.42 1.46 1.45 1.42 1.41 1.38
SVN 1.29 1.29 1.11 1.23 1.25 1.28 1.27 1.29 1.30 1.32 1.33 1.32
SWE 1.11 1.09 1.09 1.07 1.06 1.07 1.10 1.10 1.13 1.12 1.11 1.11
TUR 1.42 1.43 1.48 1.41 1.30 1.23 1.20 1.19 1.17 1.22 1.23 1.24
USA 1.04 1.08 1.09 1.10 1.11 1.12 1.12 1.11 1.02 1.09 1.09 1.07
Count 3 4 5 4 4 4 4 4 3 4 4 4
Average 1.14 1.15 1.16 1.17 1.16 1.16 1.16 1.16 1.16 1.17 1.18 1.17
Median 1.10 1.12 1.11 1.11 1.13 1.12 1.11 1.11 1.12 1.12 1.12 1.14
Min 1 1 1 1 1 1 1 1 1 1 1 1
Max 1.47 1.49 1.48 1.43 1.41 1.43 1.42 1.46 1.45 1.42 1.46 1.44
Stdev 0.13 0.14 0.15 0.14 0.13 0.13 0.13 0.13 0.13 0.13 0.14 0.13

Source: Authors’ calculations.

Finally, Table 3.13 provides a summary of the DEA results for the three models using output 
oriented models. The average output efficiency score is approximately 1.50 for Models 0 and 
1 and 1.16 for Model 3, suggesting that outputs could be increased by approximately 50 per 
cent or 16 per cent. The output efficiency scores for Models 0 and 1 where somewhat higher 
and seemed to have peaked in the period 2011–13, and then they decreased.

Table 3.12 (Continued)
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6.  CONCLUSION

In this study, we provided a review of the literature dealing with overall public sector perfor-
mance and efficiency. Moreover, we outlined a methodology to assess public sector efficiency 
and we have created a novel and large cross-country panel dataset of government indicators 
and public sector efficiency scores, covering all 36 OECD countries over the 2006–17 time 
period. In practice, we used economic and sociodemographic indicators to construct perfor-
mance composite indicators, and then we computed input and output oriented efficiency scores 
solving the several DEA problems.

The average input efficiency score in the period 2006–17 was found to be around 0.6–0.7, 
implying that some efficiency gains could be achieved with government expenditure of 
approximately 30–40 per cent less, on average, without changing the overall level of perfor-
mance. The average output efficiency score was found to be between 1.16 and 1.50, suggesting 
that outputs could be increased by approximately 16–50 per cent.

With this study, we have filled a gap in the literature, by providing a cross-country dataset 
of public sector performance indicators and efficiency scores, which can be useful for further 
research by other authors.

NOTES

 1. The analysis of government size with respect to economic growth has recently received more attention in the 
context of empirical analysis. The existence of a relationship between the variables was firstly postulated by the 
German political economist Adolph Wagner (1911). Lamartina and Zaghini (2011) provided empirical evidence 
for a positive relationship between government size and GDP per capita using panel of 23 OECD countries.

 2. The government intervenes in the economy in four ways (Labonte, 2010). First, it produces goods and services, 
such as infrastructure, education and national defence. Second, it transfers income, both vertically across income 
levels and horizontally among groups with similar incomes and different characteristics. Third, it taxes to pay for 
its outlays, which can lower economic efficiency by distorting behaviour. Finally, government regulation alters 
economic activity.

 3. The Web of Science was chosen as it represents one of the major academic search engines in social sciences and 
facilitates a wide-ranging identification of relevant publications.

  4.  Within the public sector literature, some studies have evaluated government performance of a specific govern-
ment function or the performance of local governments. In terms of local governance performance, see for 
instance Van den Eeckaut et al. (1993), De Borger et al. (1994) and De Borger and Kerstens (1996, 2000) for 
Belgium; Athanassopoulos and Triantis (1998) and Doumpos and Cohen (2014) for Greece; Worthington (2000) 
for Australia; Prieto and Zofio (2001), Balaguer-Coll et al. (2002) and Benito et al. (2010) for Spain; Storto 
(2015) for Italy; Waldo (2001) for Sweden; and Sampaio and Stosic (2005) for Brazil. In Portugal, we highlight 
the studies of Afonso and Fernandes (2006, 2008), Afonso and Scaglioni (2007), Cruz and Marques (2014) and 
Afonso and Venâncio (2016).

  5.  ‘The need to improve competitiveness, concerns about fiscal sustainability and growing demands by taxpayers to 
get more value for public money as well as the need to reconsider the scope for state intervention in the economy 
has prompted efforts to increase the focus of budgets on more growth-enhancing activities and gear the tax mix and 
the allocation of resources within the public sector towards better efficiency and effectiveness’ (EC, 2007, p. 9).

 6. For instance, Ruggiero (2004) and Simar and Wilson (2007) provide an overview of this issue.
 7. The 36 OECD countries considered are: Australia, Austria, Belgium, Canada, Chile, Czech Republic, Denmark, 

Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea, Latvia, 
Lithuania, Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Poland, Portugal, Slovakia, Slovenia, 
Spain, Sweden, Switzerland, Turkey, the United Kingdom and the United States.

 8. For Chile, Iceland, Israel, South Korea and Mexico, we use the data available in Medina and Schneider (2017).
 9. For Switzerland, we were only able to collect data for the period between 2009 and 2016.
10. From IMF World Economic Outlook (WEO database), we retrieved data for Greece for the period between 2006 

and 2012 and for the United States for the periods 2005 and 2007.
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4. Methodologies for assessing government efficiency
Caitlin O’Loughlin, Léopold Simar, and Paul W. Wilson

1. INTRODUCTION

Microeconomic theory of the firm is concerned with the ability of firms to transform inputs 
such as labor, physical capital, energy and materials into outputs that might include various 
goods or services depending on a particular industry. Standard graduate-level textbook treat-
ments (for example, Henderson and Quandt, 1971; Varian, 1978; or Mas-Colell et al., 1995) 
posit cost-minimizing and profit-maximizing behavior among firms and typically assume 
firms do these things optimally, although some (for example, Lesourne, 1972) consider 
public-sector institutions. But the theory of production is much larger. The theory of produc-
tion and efficiency analysis examines how production units (which might be for-profit firms, 
non-profit organizations, government entities such as agencies or local governments, or other 
decision-making units such as hospitals, schools and so on) transform their inputs into outputs, 
and in addition how well they do so. Efficiency analyses have been developed to examine 
the performance of not only for-profit firms, but also decision-making units that might not 
explicitly have maximization as a goal.

Production theory (as opposed to microeconomic theory of the firm) builds on the pioneer-
ing work of Koopmans (1951) and Debreu (1951). Farrell (1957) and Afriat (1972) were 
among the first to look at the empirical issues of how to estimate production efficiency. The 
efficient production frontier is defined in an appropriate input−output space as the locus of 
optimal combinations of input and output quantities. One may consider either the locus of the 
maximal attainable level of outputs corresponding to a given level of inputs, or when output 
quantities are regarded as exogenous, the researcher may search for the minimal levels of 
inputs necessary for producing a given amount of outputs. We will see below that more general 
situations can be also analyzed.

In this chapter, we discuss and illustrate modern, state-of-the-art methods that can be used 
to analyze and quantify in particular the productive performance of local, municipal govern-
ments. Municipal governments provide varying bundles of goods, services and amenities 
for residents, who in turn are free to choose among municipalities and hence the varying 
offerings. In addition to police and fire protection, municipal governments may provide roads 
and streets, traffic management, trash collection, street cleaning, water services, libraries and 
other services. In principle, municipalities compete with each other both in terms of taxation as 
well as provision of services along the lines of Tiebout (1956) and Ellickson (1971). Moreover, 
while municipal governments offer varying bundles of goods and services, they also vary in 
terms of how well or how efficiently they provide their particular bundles, that is, in terms of 
levels of waste that are incurred.

A number of studies have examined the production performance of municipal governments. 
For example, Grosskopf et al. (2001) suggest that competition among municipalities may 
create incentives to provide services efficiently by influencing citizens’ willingness to pay for 
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public services or their inclination to remain in the jurisdiction. Resident satisfaction over time 
also likely plays a role in this decision; Tran and Dollery (2020) note a strong relationship with 
this and municipal efficiency across different categories of municipal governments. Hayes 
et al. (1998), Grossman et al. (1999) and others find empirical evidence that competition 
among local governments tends to enhance efficiency. At the same time, friction caused by 
real estate transaction fees, costs of commuting and job search, and other factors may reduce 
competition among municipalities, perhaps leading to inefficient provision of services.

While there is a substantial literature on municipal efficiency, most studies offer little or no 
justification for the choice of the estimators used, and few if any provide statistical inference, 
presenting instead only point estimates with no accompanying measure or indication of the 
surrounding uncertainty. Examples can be found in many of the studies reviewed by Tang 
(1997), De Borger and Kerstens (2000), Afonso (2008), Da Cruz and Marques (2014), de 
Oliveira Junqueira (2015) and Narbón-Perpiñá and De Witte (2018). Empirical analyses of 
efficiency among municipal governments can be broadly divided into those that employ fully 
parametric methods along the lines of Aigner et al. (1977) and Meeusen and van den Broeck 
(1977) versus those that use fully nonparametric methods such as the data envelopment analy-
sis (DEA) estimators proposed by Farrell (1957) and popularized by Banker et al. (1984) or 
free disposal hull (FDH) estimators proposed by Deprins et al. (1984). The focus in this chapter 
is on nonparametric methods, which are more often used to analyze municipal efficiency than 
parametric methods. Among studies using nonparametric methods, DEA estimators are used 
much more often than FDH estimators to analyze production by local governments.1 As seen 
below, the choice between FDH and DEA estimators is not innocuous.

Before efficiency or any other measure of productive performance can be estimated, a 
well-specified model of the production process is needed. Specifically, a well-specified 
statistical model is needed, for without such a model, one cannot know what is estimated nor 
is inference possible. Only within the context of a properly specified model can the ‘efficiency 
scores’ of individual local governments be characterized. As seen below, these efficiency 
scores will be based on the distance from a particular municipality’s input−output combination 
to the efficient frontier in a specific direction in the input−output space. The nonparametric 
model presented below involves minimal assumptions, and relies only on mild assumptions 
suggested by economic theory and, except for some additional mild regularity conditions, no 
parametric restrictions are imposed on the stochastic components of the model. As opposed 
to parametric models, the Data Generating Process (DGP) that specifies how observed data 
are generated in the model used below relies on only a few flexible assumptions. We describe 
recent theoretical developments that provide tools for making inference about efficiency as 
well as features of the model, including whether the production set is convex, returns to scale, 
the role of environmental variables and evolution of the frontier over time, as well as differ-
ences in mean efficiency across groups of municipalities.

The remaining part of this chapter is organized along the following lines. In the next section 
we define the basic model, concepts and notation for the production process. We then introduce 
some popular nonparametric estimators of the frontier and of efficiency, including the estima-
tion of the efficiency scores. We summarize the main statistical properties of these estimators 
as well as estimation of confidence intervals for efficiency of individual decision-making units 
and recent Central Limit Theorem (CLT) results developed for averages of efficiency scores. 
In Section 4 we show how the CLT results can be used to build test statistics for different 
hypotheses about model features and how these might change over time. Section 7 illustrates 
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how the methods discussed in Sections 2–6 can be used to analyze the performance of local, 
municipal governments in the United States. Conclusions are given in Section 8 with sugges-
tions for some extensions.

2.  A NONPARAMETRIC MODEL OF PRODUCTION

To establish notation and basic ideas, consider the vector R∈ +x p of input quantities used to 
produce the output quantities R∈ +y q. The production set, that is, the set of feasible combina-
tions of input and output quantities is given by

 Ψ | can produce= {( , ) }.x y x y  (4.1)

Of particular interest is the technology, or efficient boundary of Ψ defined as

 γ γ γΨ ∈ Ψ ∉ Ψ∂ −| for all= {( , ) ( , ) > 1}.1x y x y  (4.2)

We assume the usual characteristics for Ψ coming from microeconomic theory of the firm; 
that is, Ψ is closed and both inputs and outputs are freely disposable.2 We rule out free lunches 
with the assumption that production of any non-zero output requires use of a non-zero quantity 
of at least one input. Assuming free disposability of inputs and outputs amounts to assuming 
that the frontier is weakly monotonic, that is, non-decreasing in inputs.

The efficiency of a production plan (x, y) is measured by its distance to the efficient bound-
ary. This measure depends on the chosen direction to the frontier. The Debreu-Farrell input 
efficiency measure

 θ θ θΨ ∈ Ψ| inf |( , ) = { > 0 ( , ) }x y x y  (4.3)

is the radial distance of (x, y) to its projection on Ψ∂ along the ray x. In other words, θ(x, y | Ψ) is 
the smallest factor by which input quantities can be proportionately reduced while maintaining 
production at output levels y. Alternatively, the Debreu-Farrell output efficiency measure

 λ λ λΨ ∈ Ψ| sup |( , ) = { > 0 ( , ) }x y x y  (4.4)

gives the maximum feasible, radial expansion of the outputs to reach the efficient frontier. 
Efficiency can also be measured in other directions. For example, the hyperbolic measure

 γ γ γ γΨ ∈ Ψ−| sup |( , ) = { > 0 ( , ) }1x y x y  (4.5)

suggested by Färe et al. (1985) gives the simultaneous, feasible proportionate reduction of 
input quantities and proportionate, feasible increase of output quantities for a unit operating at 
(x, y) ∈ Ψ to reach the efficient frontier.
In most situations Ψ, and hence θ(x, y  | Ψ), λ(x, y  | Ψ) and γ (x, y  | Ψ), are unknown and 

not observable. In empirical applications, the task at hand is to estimate these from a sample 
χ = {( , )} =1X Yn i i i

n  of observations on input and output quantities of individual production units. 
To understand what can be learned from the observations in χn, we need a statistical model 
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that specifies the DGP, that is, a set of assumptions that characterize how the observations are 
generated. As noted in Section 1, we focus here on nonparametric models requiring a minimal 
set of regularity assumptions.

To define the DGP, we assume the n observations (Xi, Yi ) are identically, independently 
distributed (iid) realizations of a random variables (X, Y ) having Ψ as support. In other words, 
all observations lie within the production set, Ψ. Hence the joint density fXY (x, y) of (X, Y ) is 
assumed to be zero everywhere outside Ψ. In addition, we assume this joint density is strictly 
positive along the frontier (that is, fXY (x, y) > 0 ∀ (x, y) ∈ Ψ∂ ), and continuously differentiable 
close to Ψ∂ in the interior of Ψ so that there is not a probability mass along the frontier. To 
establish properties of DEA and FDH estimators, the frontier must also be sufficiently smooth. 
Assumptions regarding convexity of Ψ or constant versus variable returns  to scale may be 
made as appropriate. For technical details and precise statements of the various assumptions 
needed, see Kneip et al. (2008, 2015b).

3.  NONPARAMETRIC ESTIMATION AND INFERENCE

3.1 Nonparametric Efficiency Estimators

Nonparametric estimation of the efficiency measures given in (4.3)–(4.5) requires replacing 
the unknown Ψ in the definitions of the measures with a suitable nonparametric estimator of Ψ. 
The most popular nonparametric estimators of Ψ based on the sample χn are the envelopment 
estimators that envelop the sample observations in a minimal (subject to some conditions) set 
spanning the observed points {( , )} =1X Yi i i

n . The FDH estimator, introduced by Deprins et al. 
(1984) relies only on the assumption of free disposability of inputs and outputs, and thus is the 
least-restrictive, most-flexible of the envelopment estimators. The FDH estimator is given by

 � = {( , ) , , ( , ) },, R χΨ ∈ ≤ ≥ ∈+
+ |FDH x y y Y x X X Yn
p q

i i i i n
 (4.6)

that is, the union of the positive orthants in the inputs and the negative orthants in the outputs, 
whose origin coincides with the data points in χn. Since under the assumptions of the model 
outlined in Section 2 all observations (Xi, Yi) must lie in Ψ, necessarily 

�
,Ψ ⊆ ΨFDH n . In this 

sense, � ,ΨFDH n is a biased estimator of Ψ, as it lies in the interior of Ψ and the intersection of 
�

,ΨFDH n  and the complement of Ψ is the null set.
Alternatively, if one is willing to assume Ψ is a convex set, then the variable returns to scale 

(VRS) version of the DEA estimator can be used to estimate Ψ. The VRS-DEA estimator of 
Ψ is the convex hull of � ,ΨFDH n , that is, the smallest convex set containing � ,ΨFDH n, and can be 
written as

 …� = {( , ) , , =1, 0, =1, , }.,

=1 =1 =1

R ∑ ∑ ∑ω ω ω ωΨ ∈ ≤ ≥ ≥+
+ |VRS x y y Y x X i nn
p q

i

n

i i
i

n

i i
i

n

i i  (4.7)

If, in addition to convexity of Ψ, one is willing to assume constant returns to scale (CRS), then 
the CRS version of the DEA estimator can be used to estimate Ψ. The CRS-DEA estimator of 
Ψ is given by

 …� = {( , ) , , 0, =1, , }.,

=1 =1

R ∑ ∑ω ω ωΨ ∈ ≤ ≥ ≥+
+ |CRS x y y Y x X i nn
p q

i

n

i i
i

n

i i i  (4.8)
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This is the conical hull of � ,ΨVRS n  with vertex at the origin. By construction, when Ψ is convex 
and CRS holds, � � �

, , ,Ψ ⊆ Ψ ⊆ Ψ ⊆ ΨFDH VRS CRSn n n . If Ψ is convex and CRS does not hold, then 
necessarily � �

, ,Ψ ⊆ Ψ ⊆ ΨFDH VRSn n  and � ,Ψ ∩ Ψ ≠ ∅CRS n  where Ψ  denotes the complement of Ψ. 
Both the VRS-DEA and CRS-DEA estimators were discussed by Farrell (1957), but received 
little attention until they were revisited and popularized by Charnes et al. (1978) and Banker 
et al. (1984).

Estimators of the efficiency of a particular production plan (x, y) are obtained by replacing Ψ 
in (4.3), (4.4) or (4.5) with one of the estimators of Ψ described above. For example, the input-
oriented FDH efficiency estimator is �� ( , ) = ( , ), ,θ θ Ψ|FDH FDHx y x yn n . This is easily computed as

 �
…

( , ) = ,,
, =1, ,

( )

( )
θ











∈
min maxFDH x y

X
xn

i Dx y j p

i
j

j  (4.9)

where χ∈ ≤ ≥|= { ( , ) , , },D i X Y X x Y yx y i i n i i
 is the set of indices of observations in χn 

dominating the point (x, y) and a(j) denotes the jth component of a vector a. The DEA-VRS is 
obtained as the solution to the linear program

 …� ( , ) = { , , =1; 0 =1, , }.,
, =1 =1 =1

∑ ∑ ∑θ θ ω θ ω ω ω≤ ≥ ≥ ∀
θ ω

min |VRS x y y Y x X i nn

i

n

i i
i

n

i i
i

n

i i  (4.10)

The CRS-DEA estimator x yn
�θCRS ( , ),  is obtained by dropping the constraint i

n
iωΣ = =11  in (4.10). 

For computational details and other variations, see the detailed review in Simar and Wilson 
(2013).

3.2 Estimation and Confidence Intervals for Individual Efficiencies 

The statistical properties of the nonparametric estimators defined above have been derived in a 
number of papers, including Kneip et al. (1998), Park et al. (2000), Kneip et al. (2008, (2015b) 
and (2016)), Park et al. (2010), Wilson (2011) and Daouia et al. (2017). See also Simar and 
Wilson (2015) and the references therein for a comprehensive review. To summarize, for a 
fixed point of interest (x, y) we have under mild regularity assumptions (see above)

 � ( , ) ( , ) ( ), ,

L
θ θ η( )− Ψ →κ

• •|n x y x y Qn x y  (4.11)

as n → ∞, where κ determines the rate of convergence and depends on the assumptions and the 
chosen estimator with ‘•’ representing FDH, VRS or CRS, and •Q  is a non-degenerate distribu-
tion depending on unknown parameters ηx, y. Hence, the various nonparametric estimators that 
have been discussed are statistically consistent, with known limiting distributions. Moreover, 
the rates of convergence are also known. The convergence rate nκ determines the order of 
the error of estimation: we have � ( , ) ( , ) =,θ θ− Ψ κ

•
−( | ) ( )x y x y O nn p . The error of estimation 

becomes smaller in probability terms as the sample size n increases. The larger is κ, the faster 
the error decreases as n increases. Similar results hold for the output-oriented and hyperbolic 
efficiency estimators. In particular, neither the rate of convergence nκ nor the form of the 
limiting distribution η•( ),Q x y  depend on the direction from the fixed point of interest (x, y) to 
the frontier, although the constants in ηx,y may differ.
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For the FDH estimator, provided free disposability of inputs and outputs holds, κ = 1/ 
(p + q). Under free disposability, convexity of Ψ, and non-CRS, the VRS-DEA estimator has 
the rate nκ with κ = 2/(p + q + 1). With the additional assumption of CRS, the CRS-DEA estima-
tor (as well as the VRS-DEA estimator, as proved by Kneip et al., 2016) converges at rate nκ  
with κ = 2/(p + q). The convergence rates illustrate the price of using nonparametric estima-
tors; whereas parametric estimators typically converge at rate n1/2, here the convergence rate 
of our nonparametric estimators becomes slower as the number (p + q) of inputs and outputs 
increases. This is typical for nonparametric estimators, and is called the curse of dimension-
ality.3 However, obtaining the typical parametric, root-n rate depends crucially on having the 
correct model specification, which may be unlikely. If a parametric model is mis-specified, 
then convergence may be rather fast, but the parametric estimators converge to some unknown 
thing that is not a feature of the underlying, true model. Robinson (1988) refers to this as 
‘root-n inconsistency.’ Consistency is arguably the most fundamental, important property of 
an estimator; if an estimator is consistent, then additional data will improve the estimate in 
probabilistic terms. If an estimator is inconsistent, then additional data may not be informative.

Another complication for the nonparametric efficiency estimators arises from the fact that 
the limiting distributions η•( ),Q x y  in (3.6) and similar expressions for the other estimators 
depend on unknown parameters in ηx,y that are difficult to estimate. In the case of the FDH 
estimator, QFDH(ηx,y) is a Weibull distribution as shown in Park et al. (2000), but for the VRS-
DEA case (Kneip et al., 2008) and for the CRS-DEA case (Park et al., 2010), the existence of 
the limiting distributions is proven, with the appropriate rates given above, but explicit analytic 
forms for the distributions are not available. However, existence of the limiting distributions 
permits proof of the validity of the bootstrap for making inference and allows derivation of 
valid asymptotic confidence intervals for θ(x, y | Ψ), λ(x, y | Ψ) and γ(x, y | Ψ) in all the cases 
considered above (that is, using either FDH, VRS-DEA or CRS-DEA estimators as appropri-
ate). Technical details are given in Jeong and Simar (2006), Kneip et al. (2008, 2011) and 
Simar and Wilson (2011a).

3.3 Inference about Mean Efficiency

For testing hypotheses involving mean efficiency or other model features, more than just the 
asymptotic results for an individual point (x, y) given above is needed. In most cases, as seen 
below in Section 4, tests will be based on test statistics involving sample means of efficiency 
estimators evaluated at each of the random points (Xi, Yi) contained in the sample χn. Hereafter, 
we drop the notation ‘• ’ in � ,θ• n used above to indicate which estimator is used. That which 
is derived below is applicable to any estimator (that is, FDH, VRS-DEA or CRS-DEA) and 
any orientation (that is, input, output or hyperbolic) with the appropriate rate of convergence 
involving κ as discussed above.

To understand the problem, consider the simplest problem where the researcher wishes to 
analyze average efficiency over some sector of activity. To do this, we investigate how the 
sample mean � �= ( , )1

1µ θΣ−
= n X Yn i
n

n i i  is related to the population mean Eµ θ Ψθ |= ( ( , )X Y . It 
is important to note that the sample mean �µ n involves estimators of efficiency, as opposed to 
the true efficiencies. The pioneering work of Kneip et al. (2015b) makes clear that for even this 
seemingly simple problem there is no easy solution due to the inherent bias of the estimators. 
This bias remains of the same order n−κ after taking the mean over n observations, and conse-
quently kills the variance which is proved by Kneip et al. (2015b) to be of order n−1.
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The basic, key theorem in Kneip et al. (2015b) may be summarized as follows. Under mild 
regularity conditions, which differ slightly according the chosen estimator, we have (from 
Kneip et al., 2015b, Theorem 4.1)

  (i) �µ n  is a consistent estimator of μθ, with a bias term of order Cn−κ;

 (ii) n X Yn
i

n
n i i n

�� �∑σ θ µ−



θ

−= ( , ),
2

1

=1

2
 is a consistent estimator of σ θ Ψθ Var |= ( ( , ))2 X Y ; and

(iii) the following basic limit theorem

 n Cn R N R o nn n n
� L
µ µ σ( )− − − →θ

κ
κ θ κ

κ− −with(0, ), = ( ),
2

,  (4.12)

as n → ∞ holds under appropriate regularity conditions.

From these results, it is easy to see why problems arise in making inference about mean 
efficiency. If κ > 1/2, there is no problem and a simple Central Limit Theorem (CLT) derived 
from (4.12) is available, because +κ

κ
−( ) = (1),n Cn R on . However, κ > 1/2 if and only if  

p + q ≤ 1 when FDH estimators are used, or p + q ≤ 2 for the VRS-DEA case or p + q ≤ 3 for the 
CRS-DEA case. If κ = 1/2 then the bias is a constant, and if κ < 1/2 the bias explodes. In either 
of these cases (that is, whenever κ ≤ 1/2), standard CLT results (for example, the Lindeberg-
Feller CLT) cannot be used. This means that when FDH estimators are used, the usual CLT 
results are never applicable. Moreover, replacing the scale factor n  with nξ with ξ < κ ≤ 1/2 is 
not a viable option, since this would cause the variance to converge to zero whenever κ ≤ 1/2,  
rendering inference impossible.

For cases where κ ≤ 1/2 (which is typical in applied work), the solution suggested by Kneip 
et al. (2015b) is twofold. First, one must correct for the leading term Cn−κ in the inherent bias in 
(4.12) using a generalized jackknife estimator of the bias. Second, when necessary, depending 
on the estimator and on the dimension p + q, one must compute the average on a subsample of 
the n efficiency estimates to control the variance of the resulting average.

The bias correction works along the following lines. As shown in Kneip et al. (2015b), a 
consistent estimator of the bias term Cn−κ is given by

 �� = (2 1) ( ),,
1

/2
*µ µ− −κ

κ −Bn n n  (4.13)

where µ /
*

2n  is a jackknife analog of �µ n  obtained as

 µ µ µ+= ( ) / 2,/2
*

/2
(1)

/2
(2)

n n n  (4.14)

where µ /2
(1)
n  is a version of �µ n based on a random subset of χn of size n/2 and µ /2

(2)
n  is the analog 

based on the remaining part of the sample (for simplicity, assume that n is even). Formally, 
one computes for j = 1, 2,

 
n X Yn

j

i Xi Yi n
j

n i i n
j�∑µ θ χ

χ

−

∈

|
|

= 2 ( , ),/2
( ) 1

{ ( , ) /2
( ) }

/2 /2
( )

 (4.15)

where χ χ∩ ∅=/2
(1)

/2
(2)

n n  and χ χ χ∪ =/2
(1)

/2
(2)

n n n. Note carefully that it is explicit in the notation 
that the efficiency estimators (either FDH, VRS-DEA or CRS-DEA) are computed using the 
limited reference samples χ /2

( )
n
j . The intuition behind (3.8) is that the µ /2

( )
n
j , j = 1, 2, are two 

estimators of μθ each having the same asymptotic bias as �µ n , but with n replaced by n/2.
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Kneip et al. (2015b) prove that � = ( ) ( ),
1/2+ +κ

κ κ− − −B Cn o n o nn p . Kneip et al. (2016) suggest 
repeating the exercise just described a large number of times (say, L times) providing L 
estimates of the bias, and then averaging the L estimates to reduce noise. Then for ℓ = 1, . . ., 
L, we have, based on the ℓth random share of χn in two parts, as above, the estimates �� ,κBn  given 
in (4.13). These are then used in

 B L Bn

L

n
� �

�

�∑κ κ
−=,
1

=1
,  (4.16)

to estimate the required bias correction. Averaging over the L bias estimates reduces the vari-
ance of the final bias estimate (in practice, selecting L = 20 is typically sufficient).

The bias correction solves the main part of the bias problem, but the remainder Rn,κ = o(n−κ) 
must also be controlled. This is achieved, when p + q is too large, by limiting the number of 
efficiency estimates used to compute �µ n . When κ ≤ 1/2, a subsample version of  �µ n  given by

 
n X Yn

j X j Yj n

n j j n
� �∑µ θ χ

κ κ

χ
κ

−

∈

|
|

= ( , ),1

{ ( , ) * }
 (4.17)

must be used, where the average is taken over a random subsample χ χ⊆
κ

*
n n of size 

  ≤κ
κ= 2n n n , where  a  denotes the largest integer not greater than R∈a . However, the 

individual efficiency estimates are computed using the full sample as the reference set, as seen 
explicitly in the notation. Due to the particular expressions of Rn,κ which depend on the chosen 
estimator, Kneip et al. (2015b) derive (under the same regularity assumptions as above) the 
following CLTs.

(i)  For p + q ≤ 3, if the FDH estimator is used, or for p + q ≤ 4 and if Ψ is convex and the 
DEA-VRS estimator is used, or for p + q ≤ 5 and if Ψ is convex and Ψ∂ exhibits CRS and 
either the CRS-DEA or the VRS-DEA estimator is used, then

 n B R N R o nn n n n
� � Lµ µ σ( )− − − →θ κ κ θ κ

−with(0, ), = ( ), ,
2

,
1/2  (4.18)

   as n → ∞; and
(ii) when κ < 1/2, with κ depending on the chosen estimator as discussed above, then

 µ µ σ( )− − − →κ κ θ κ κ θ κ
κ−L

n B R N R o nn n n n
� � with(0, ), = ( ), ,

2
,  (4.19)

as n → ∞.

Note that either of the two CLTs in (4.18) and (4.19) can be used with the FDH estimator 
when p + q = 3 (or when p + q = 4 with VRS-DEA under convexity, or when p + q = 5 under 
convexity and CRS, using either the VRS-DEA or CRS-DEA estimator). But as explained 
in Kneip et al. (2015b), in these particular cases, the second result in (4.19) provides better 
approximations in finite samples.

The CLTs (4.12), (4.18) and (4.9) provide tools for building asymptotic confidence intervals 
for μθ. For example, suppose p + q ≥ 4, Ψ is assumed convex, and VRS-DEA estimators are 
used. Using (4.19), an asymptotically correct (1 − α) confidence interval for μθ is given by

 � � � / ,, 1 /2 ,µ σ− ±



κ κ α θ

κ
−B z nn n n  (4.20)
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with κ = 2/(p + q + 1) and where z1−α/2 denotes the 1 − α/2 quantile of the standard normal 
distribution. These basic CLTs also provide tools that are useful for solving various testing 
problems as described below in Sections 4–6. Each test described in Sections 4–6 involves 
comparison of two sample means of efficiency estimates.

3.4 Dimension Reduction

The curse of dimensionality discussed above in Section 3.2 may jeopardize the quality and the 
usefulness of both estimates and any statistical inference in nonparametric frontier models if 
the dimension of the problem, p + q, is ‘too large’ relative to the given sample size n. Wilson 
(2018) discusses a number of ‘rules-of-thumb’ for deciding whether dimensionality is ‘too 
large’ that have appeared in the literature, and also discusses why these rules are not useful. 
In many applied problems, substantial multicollinearity exists among the outputs and among 
the inputs, and this can often be exploited to reduce the dimensionality of the problem. Daraio 
and Simar (2007) suggest a method for reducing dimensionality based on factor analysis and 
exploiting near-collinearity among inputs or outputs when it exists. Wilson (2018) provides 
several diagnostics for assessing whether the number of dimensions in a given problem is 
excessive for the available sample size, and for indicating whether dimension reduction 
is likely to reduce estimation error. Wilson (2018) also provides extensive Monte Carlo results 
to quantify the tradeoff between information lost versus the reduction in estimation error (in 
terms of mean-square error) due to dimension reduction.

The method developed by Daraio and Simar (2007) is based on the singular value decom-
position of a moment matrix. Dimension reduction may be applied to either inputs, outputs or 
both. Here, we illustrate the idea in terms of inputs. Consider the case where some inputs are 
closely related. Let X denote the (n × k) matrix of observations on these inputs, where k ≤ p. The 
goal is to reduce dimensionality by transforming these k input variables to a single measure. 
Suppose the k columns of X have been standardized by dividing each column by its standard 
deviation. Then the (k × k) (raw) moment matrix is X′X. Let ξ1, . . ., ξk denote the eigenvalues 
of X′X in decreasing order, and let a1, . . ., ak denote the corresponding eigenvectors.

All of the data in X lie in the positive orthant R+
k . It is well known in the statistical literature 

(for example, see Haerdle and Simar, 2019), that the best linear representation of the data in 
X in one dimension is given by the first ‘input factor’ Fx = Xa1, and the quality of the repre-
sentation is measured by its percent of inertia given by ξ ξΣ == /1 1Rx j

k
j. The latter provides 

a measure of how close the original data observations in X, in the k-dimensional space, are 
‘near’ their projections Fx on the first eigenvector. In other words, the ratio Rx measures the 
percentage of the information contained in the k columns of X that is shared by the first factor 
Fx. For instance, if Rx = 0.95, then Fx contains 95 percent of the information contained in X. So 
for large values of Rx (which happens when the columns of X exhibit substantial collinearity), 
one might reasonably replace the k original inputs by this single univariate factor. As noted in 
Daraio and Simar (2007), the correlations of the original inputs, that have been aggregated, 
with this input factor indicate how well this new one-dimensional variable represents the 
original ones. Wilson (2018) uses Monte Carlo experiments to provide guidelines based on Rx 
and sample size n for determining whether dimension reduction as described here is likely to 
reduce mean-square error of the efficiency estimates.

Wilson (2018) notes that some (for example, Adler and Golany, 2007) reduce dimensional-
ity by decomposing the correlation matrix for the columns of X instead of the moment matrix 
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X′X. But for radial efficiency estimated by FDH, VRS-DEA or CRS-DEA estimators, the 
moment matrix is more appropriate, since it provides information on how tightly packed are 
rays from the origin to each observation and it is along these rays that efficiency is measured, 
By contrast, the correlation matrix involves central moments, and describes how the data vary 
around means of the input (or output) variables, which is irrelevant for purposes of radial 
efficiency estimates.

4.  TESTING HYPOTHESES ABOUT MODEL FEATURES

4.1 Testing Equality of Mean Efficiency for Two Groups of Units

We begin with a relatively easy test. Suppose there are two independent samples of size 
n1 and n2 of firms belonging to two groups labeled G1 and G2. We want to test whether 

Eµ θ Ψθ |= ( ( , ) )1, 1 1X YG  and Eµ θ Ψθ |= ( ( , ) )2, 2 2X YG  are equal against the alternative hypoth-
esis that group 1 has a larger mean efficiency than group 2. Alternatively, one might test 
whether group 2 has a larger mean efficiency than group 1, or one could simply test whether 
the two groups have different mean efficiency. The latter amounts to a two-sided test, while 
the two previous tests are one-sided tests. The test is developed by Kneip et al (2016). Here, 
we present the most general version of the test, where no restrictions are made on whether the 
attainable sets for the two groups are the same, that is, whether units in the two groups face 
the same frontier. Kneip et al. (2016, Section 3.1.2) explain how the test can be adapted to 
situations where firms in the two groups face the same frontier.

The researcher is confronted with two iid samples, χ = {( , )}1, 1 =1
1X Yn i i i

n  and  
χ = {( , )}2, 2 =1

2X Yn i i i

n . Assume the two samples are independent of each other. The CLTs (4.18) 
or (4.19), depending on the dimension p + q and the chosen estimator (FDH, VRS-DEA or 
CRS-DEA)) can be applied independently for each of the two groups and the corresponding 
sample means of estimated efficiencies in each group. For example, if κ < 1/2, then (4.19) 
applies and we have for ℓ = 1, 2, as nℓ → ∞,

 n B R N R o nn n n n
� �

� � � � � � � � �

L
µ µ σ( )− − − →κ κ θ κ κ θ κ

κ−with(0, ), = ( ),, , , , , , ,
2

,  (4.21)

where � � �  ≤κ
κ=,
2n n n . Necessarily, two sequences of independent random variables each 

having a normal limiting distribution, possess a joint limiting bivariate normal distribution 
with zero covariance. Consequently, the difference of the two random independent sequences 
has a limiting normal distribution.

Using the CLTs in (4.18) and (4.19) developed by Kneip et al. (2015b) leads to test results 
for two different cases. First, if p + q ≤ 3 when FDH estimators are used, or if p + q ≤ 4, Ψ1 
and Ψ2 are convex and the VRS-DEA estimator is used, or if p + q ≤ 5, Ψ1 and Ψ2 are convex 
and the frontiers of both sets exhibit CRS and either the CRS-DEA or VRS-DEA estimators 
are used, then

 
� � � �

�
� =

( ) ( ) ( )

/ /
(0, 1)1, 1, 2

1, 1 2, 2 1, 1, 2, 2 , 1, 2,

1, , 1

2
1 2, , 2

2
2

Lτ
µ µ µ µ

σ σ

− − − − −

+
→

κ κ θ θ

θ θˆ

B B

n n
Nn n

n n n n

n n

 (4.22)



82  Handbook on public sector efficiency

provided n1/n2 → c as n1, n2 → ∞ where c is a constant. In the second case, where κ < 1/2 with 
κ depending on p + q and the specific estimator used, we have
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again provided n1/n2 → c, as n1, n2 → ∞ where c is a constant and for ℓ = 1, 2, � � �  ≤κ
κ=,
2n n n  

and κ characterizes the rate of convergence in each group and has been defined above.
The results in (4.22) and (4.23) are valid for any values of μ1,θ and can be used to build 

asymptotic confidence intervals for their differences. To test for example H0: μ1,θ = μ2,θ against 
the alternative H1: μ1,θ > μ2,θ one can compute either τ1, 1, 2n n  or τ

κ κ
2, 1, , 2,n n n n

, as appropriate, while 

setting (μ1,θ − μ2,θ) = 0 (that is, under the null). Then for a test of size α, H0 is rejected if the 
test statistic is larger than Φ−1 (1 − α) where Φ−1(·) is the standard normal quantile function. 
Alternatively, the null can be rejected in favor of µ µ′ θ θ: <1 1, 2,H  when the test statistic is less 
than Φ−1(α). For a two-sided test, the null is rejected whenever the test statistic is less than 
Φ−1(α/2) or greater than Φ−1(1 − α/2) for a test of size α. Note that the independence of the two 
samples χ1, 1n  and χ2, 2n

 is crucial, and avoids complications due to covariances.
Intensive Monte Carlo experiments (see Table 1 in Kneip et al., 2016) indicate the test 

works reasonably well in practice with finite samples. As expected, the performances of the 
test (that is, the achieved level and power) increases when the sample sizes increase for all the 
dimensions (p + q) considered. Of course, for a fixed sample size, the performances decrease 
when the dimension increases: this advocates in practical problem with real data and suggests 
use of, if possible, the dimension reduction mentioned above.

4.2 Testing Convexity

Testing convexity is based on comparison of a sample mean of FDH efficiency estimates (in 
either the input, output or hyperbolic direction) which do not impose convexity, and a sample 
mean of VRS-DEA efficiency estimates (in the same direction) which impose convexity. The 
problem here is more complicated than in the preceding case, because we need the two sample 
means to be independent, and this requires, as suggested by Kneip et al. (2016), a random split 
of the original sample χn into two mutually exclusive, collectively exhaustive subsamples. 
Kneip et al. (2016) establish CLTs based on this simple splitting device. The procedure 
described by Simar and Wilson (2020a) allows one to remove the ambiguity resulting from 
a single random split by repeating the sample splitting a large number of times in order to 
‘integrate out’ the randomness of a single split.

To formalize things, we wish to test the null hypothesis H1: Ψ is not convex. The assump-
tion of free disposability of inputs and the outputs is maintained. Under the null, both the 
FDH and the VRS-DEA estimators are consistent, but under the alternative, only the FDH 
estimator is consistent. The researcher is faced with a single iid sample χn. By construction, 
� �( , ) ( , ) 1θ χ θ χ≤ ≤| |VRS FDHX Y X Yi i n i i n , where again we make explicit in the notation the refer-
ence sample used to compute the estimates. Therefore � � 0, ,µ µ− ≥FDH VRSn n . Under the null we 
expect � �

, ,µ µ−FDH VRSn n  to be ‘small,’ while under the alternative the difference is expected to 
be ‘large.’
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Highlight
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Using test statistics based on the difference between two means over all n observations 
in the sample cannot work, as explained by Kneip et al. (2016). If the null is true then 
� �

, ,µ µ( )−FDH VRSnb n n
 converges to a degenerate distribution for any power b ≤ 1/2 of n. Avoiding 

this problem requires randomly splitting the original sample into two independent subsamples 
χ1, 1n  and χ2, 2n

. The sample mean of the VRS-DEA estimator evaluated at each χ∈( , ) 1, 1
X Yi i n  

using only observations in χ1, 1n  as the reference set is computed, and the sample mean of 
the FDH estimators evaluated at each χ∈( , ) 2, 2

X Yi i n  using only observations in χ2, 1n
 as the 

reference set is also computed. Note that here the two efficiency estimators have different 
rates of convergence, that is, κ1 = 2/(p + q + 1) for  the VRS-DEA case and κ2 = 1/(p + q)  
for the FDH case. Kneip et al. (2016) suggest choosing n1 and n2 such that  κ κ=1

1
2
2n n  and  

n1 + n2 = 2.
For the VRS-DEA estimator, we have the analog of the quantities defined in Section 3.3 but 

with reference sample χ1, 1n . This leads to the sample mean � , 1
µ VRS n , the sample variance � , 1

2σ VRS n  

and the bias correction � , 1, 1κVRSB n  (for explicit expressions, see Kneip et al., 2016). In situations 

where κ1 < 1/2, the subsampling means
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1, 1  (4.24)

are needed, where  κ
κ= <1, 1 1

2 1
1n n n  for κ1 < 1/2 and χ

κ1, 1, 1

*
n  is a random subset of χ1, 1n  of 

size κ1, 1
n . Note the summation in (4.24) is over the subsample, but the estimator under the 

summation sign is computed using the full reference set χ1, 1n . Similarly, and without giving 
all the detailed expressions, using the subsample χ2, 2n

, we have for the FDH estimator the 

corresponding sample mean � , 2
µ FDH n , sample variance �

, 2

2σ FDH n
 and the bias correction � , 2 , 2κFDHB n .  

If κ2 < 1/2 the subsample version of the mean given by
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is required, where the estimates under the summation sign are computed using all the observa-
tions in χ2, 2n

, but the summation is over only a subset of these observations, analogous the 
VRS-DEA case in (4.24).

Depending on the value of p + q, different versions of the test statistic are available, since 
for each mean in the two independent groups, we have the CLTs described in (4.18) and (4.19). 
For p + q ≤ 3 we have

 
� � � �

� �
� =

( ) ( )

/ /
(0, 1)3,

, 2 , 1 , 2 , 2 , 1, 1

, , 2

2
2 , , 1

2
1

L
τ

µ µ

σ σ

− − −

+
→

κ κ

θ θ

B B

n n
Nn

FDH n VRS n FDH n VRS n

FDH n VRS n

 (4.26)

as n → ∞ under the null hypothesis of convexity. For p + q > 3, we have
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as n  →  ∞  under  the  null.  The  null  hypothesis  of  convexity  is  rejected  if  the  p-value 
� �
� �=1 ( ),τ− Φp n  is suitably small (that is, less than 0.1, 0.05 or 0.01) with ℓ ∈ {3, 4} indexing 

the appropriate statistic (depending on p + q) in (4.26) or (4.27).
Splitting the original sample χn into two independent subsamples χ1, 1n  and χ2, 2n

 is crucial 
for obtaining the non-degenerate limiting distributions of the test statistics. Simar and Wilson 
(2020a) show how a bootstrap can be used to remove the ambiguity resulting from a single 
random split. The idea is to repeatedly split the sample s times, and compute either (i) the 
sample mean of the appropriate test statistic in (4.26) or (4.27) computed for each of the s 
splits, or (ii) the one-sample Kolmogorov-Smirnov statistic comparing the empirical distribu-
tion of the s p-values corresponding to the test statistics computed for each of the s sample 
splits and the uniform distribution over [0, 1]. Due to the dependence between the s sample 
splits, the distributions of these two test statistics are unknown. However, the bootstrap method 
provided by Simar and Wilson (2020a) permits easy estimation of p-values corresponding to 
the two statistics obtained from s sample-splits.

Results from Monte Carlo experiments provided by Simar and Wilson (2020a) indicate that 
the procedure works well and achieves better performance than the method based on a single 
split, in terms of both size and power. The Kolmogorov-Smirnov statistic is also observed to 
have slightly better properties than the averaged statistic. In practice, for a single sample of 
real data, the computational burden of the proposed bootstrap is feasible for modern desktop 
machines with sample sizes typically encountered in applied work.
The test of convexity of Ψ is extended by Kneip et al. (2016) and Simar and Wilson (2020a) 

for testing CRS against the alternative hypothesis of VRS (under the assumption of convexity for 
Ψ). The idea is analogous to the idea underlying the convexity test discussed here, and involves 
comparing sample means of DEA-VRS and DEA-CRS estimators. The issues are also similar; 
independence between the two sample means is required, which in turn requires randomly 
splitting the original sample into two independent subsamples. See Kneip et al. (2016) and 
Simar and Wilson (2020a) for specific details. All of the testing methods discussed so far have 
been implemented in the current version of the R package FEAR introduced by Wilson (2008).

5.  DEALING WITH ENVIRONMENTAL FACTORS

5.1 Conditional Frontiers

In applied work, there are often additional variables representing environmental factors that 
are neither inputs nor outputs in the usual sense, but which may affect production of outputs. 
When these environmental factors differ across producers, they should be taken into account, 
as failure to do so may lead to misleading results. Examples of environmental variables 
faced by local governments might include unobserved heterogeneity across regions within a 
country, differing legal and regulatory environments across states or provinces, differing forms 
of government across municipalities (for example, mayors versus city managers) and other 
factors. These factors are beyond the control of the municipality, but may affect municipalities’ 
ability to transform inputs into outputs in either of two ways. The environmental factors may 
(i) influence the shape of the attainable frontier Ψ∂, or (ii) influence the probability of being 
close to the efficient boundary Ψ∂ by affecting the shape of the distribution of efficiency or 
(iii) influence both Ψ∂ and the distribution of efficiency.
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Let Z denote a random vector of r environmental variables, with RZ∈ ⊆Z r . The concept 
of conditional frontiers introduced by Cazals et al. (2002) and extended by Daraio and Simar 
(2005) provides a natural and appealing way to incorporate information contained in Z.4 The 
conditional attainable set is

 Ψ | can produce when= {( , ) = }x y x y Z zz  (4.28)

for given levels Z = z of the environmental factors. The marginal attainable set is then

 ∪
Z

Ψ Ψ
∈

| can produce= {( , ) } = .x y x y
z

z  (4.29)

In general, Ψ ⊆ Ψz , which includes the special case

 ZΨ Ψ ∈for all= .zz  (4.30)

This is known as the ‘separability’ condition as described by Simar and Wilson (2007, 
2011b). The separability condition in (4.30) is quite restrictive; it is one case among an 
uncountable set of possibilities. Simar and Wilson (2007) caution against merely assuming 
that the separability condition holds, and note that (4.30) should be tested against the alterna-
tive hypothesis  that Ψz ≠ Ψ for some  Z∈z . However, as explained clearly by Simar and 
Wilson (2007, 2011b) (4.30) must hold in order for a second-stage regression of efficiency 
estimates on environmental variables Z to estimate anything sensible and meaningful. If (4.30) 
does not hold, then such second-stage regressions estimate some unknown thing that is not a 
feature of any model in which the left-hand side efficiency estimates estimate distance to the 
frontier of the production set. If (4.30) does not hold, then the FDH, VRS-DEA or CRS-DEA 
estimators of (4.3)–(4.5) estimate distance to a frontier that may not be attainable and is not 
relevant.5

The separability condition is an important research question whenever environmental vari-
ables are available. A formal test of separability versus non-separability is discussed below in 
Section 5.2. If the condition (4.30) is rejected, the model is said to be ‘non-separable,’ and in 
this case conditional efficiency estimators are needed to estimate distance to the boundary of 
Ψz. If the model is non-separable, then the unconditional efficiency estimators discussed above 
in Section 3 estimate distance to the boundary of Ψ instead of Ψz, but Ψz ⊂ Ψ for some  Z∈z .  
In addition, conditional efficiency estimators are also needed to build the test of separability 
below in Section 5.2.

Conditional efficiency measures are defined along the lines of the usual ‘marginal’ scores 
defined above in (4.3)–(4.5). Here, in the conditional case, the attainable set is restricted to Ψz. 
For example, for the input orientation, we have the conditional efficiency measure

 θ θ θ θΨ ∈ Ψ| | inf |( , ) = ( , ) = { > 0 ( , ) }.x y z x y x yc
z z  (4.31)

Since by (4.29), ∀ z, Ψz ⊆ Ψ, we have θ(x, y) ≤ θc(x, y | z) ≤ 1.
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Nonparametric estimators are based on an iid sample S = {( , , )} =1X Y Zn i i i i
n  of observa-

tions on input and output quantities and corresponding environmental variables. The usual, 
unconditional FDH and DEA estimators are computed by estimating Ψ, the marginal support of  
(X, Y), by the appropriate envelopment of the marginal cloud of points χ = {( , )} =1X Yn i i i

n  as in 
(4.19)–(4.21). Here, it is important to make the reference sample used for estimation explicit 
in the notation. Hence, we write, as above for the marginal (input oriented) estimators,

 � �( , ) = ( , )θ θ χ|X Y X Yi i i i n  (4.32)

and similarly for the output and hyperbolic orientations.
The conditional efficiency estimators require FDH (or VRS-DEA or CRS-DEA) estimators 

of Ψz. The easiest case is when the variables in Z are discrete, with several firms observed 
for each value of the discrete variable. In this case, for any possible value z of Z, we have a 
sample of observations (X, Y) corresponding to the cases where Z = z. This defines a subsample 
χ χ⊂|= {( , ) = } =1X Y Z zn
z

i j i j i j j

nz
n of size nz < n, where n Z zz i

n

i∑ I1= ( = )
=1

 and ⋅I1 ( ) denotes  
the indicator function. This cloud of ‘conditional’ data points allows estimation of Ψz, providing 
FDH, VRS-DEA or CRS-DEA versions of the conditional efficiency scores by adapting 
(4.19)–(4.21) to this subsample. Hence, we denote the conditional (input-oriented) estimator 
of the efficiency of an observation (Xi, Yi, Zi) as

 � �( , ) = ( , ).θ θ χ| |X Y Z X Yc i i i i i n

Zi  (4.33)

Conditional efficiency estimators have also been developed for the case of continuous Z. In 
the continuous case, smoothing techniques are needed to ‘localize’ the FDH and DEA estimators 
so that only observations (Xi, Yi) having corresponding values of Zi lying in an appropriate neigh-
borhood of z are used to estimate Ψz. For example, we compute the conditional FDH estimator 
of the unit facing the environmental conditions Z = z by considering only the free disposal hull 
(or the free disposal and convex hull for DEA) of the data χ − ≤ ≤ +|= {( , ) }, X Y z h Z z hn h

z
i i i , 

where the vector h of ‘bandwidths’ tunes (or controls) the neighborhood of z. The VRS-DEA 
and CRS-DEA estimators are computed similarly, using only the convex or conical hulls of the 
free disposal hull of observations (Xi, Yi) such that the corresponding observations Zi satisfy 
z – h ≤ Zi ≤ z + h. The bandwidths must be small enough to describe units facing environmental 
conditions similar to z (thereby minimizing some potential bias), but sufficiently large so as 
to have enough observations in χ ,n h

z  to avoid excessive variance. As in many nonparametric 
problems, bandwidths can be chosen to optimize mean integrated square error, which reflects 
the tradeoff between bias and variance. As the bandwidths are made smaller (larger), bias is 
reduced (increased) while variance is increased (reduced). Theoretical results given by Jeong 
et al. (2010), Daraio et al. (2018), Bădin et al. (2019) and references cited therein establish 
that the jth optimal bandwidth, corresponding to the jth element of Z, j = 1, . . ., r must be of 
order hj = cjn−1/(r+4). This leads to conditional efficiency estimators with rate of convergence  
(nhr)κ = n4κ/(r+4) < nκ where κ = 1/(p + q), 2/(p + q + 1) or 2/(p + q)) for conditional FDH, VRS-
DEA or CRS-DEA estimators, respectively. For technical details and asymptotic properties, 
see Jeong et al. (2010), Daraio et al. (2018) and Bădin et al. (2019). Daraio et al. (2018) provide 
CLTs for means of conditional efficiency scores that are used to derive the separability test 
for continuous Z.
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5.2 Testing Separability

Simar and Wilson (2007) noted that the separability condition in (4.30) is very restrictive and 
should be tested, but a development of a formal test had to wait for the additional results of 
Kneip et al. (2015b). Daraio et al. (2018) developed CLTs for conditional efficiency measures, 
and used these to develop a test of separability for general cases where Z is either continuous 
or discrete.6 To simplify we explain here the basic ideas of the test in the presence of a single 
discrete variable Z. To establish necessary notation, let (z1, . . ., zK) be the set of possible values 
for the variable Z. Then the random sample Sn  provides nk units with Zi = zk for k = 1, . . ., K 
with n1 + . . . + nK = n. The applied researcher has the marginal cloud of points in χn as well as 
the conditional clouds of points χ |= {( , ) = } =1X Y Z zn

k
i j i j i j k j

nk  for k = 1, . . ., K.
The idea is to build a test statistic based on the difference between Eµ θθ = ( ( , ))X Y ,  

the  mean  of  the  efficiency  defined  relative  to  the  support  of  the  marginal  set  Ψ,  and 
Eµ θθ |= ( ( , )), X Y Zc c , the mean of the conditional efficiency defined relative to the support of 

the conditional sets …Ψ , =1, ,k Kzk . Under the null hypothesis …Ψ Ψ ∀: = , =1, ,0H k Kzk ,  
the difference μθ − μθ,c is zero. In addition, as noted by Daraio et al. (2018), we know that 
μθ,c ≥ μθ, and hence a test statistic can be derived from the difference � �

, , ,µ µ−θ θn c n  between the 
corresponding sample means. These sample means require appropriate estimators of the two 
population means, where, by construction, � � 0, , ,µ µ− ≥θ θn c n . The null hypothesis of separabil-
ity should be rejected if this difference is ‘too big.’

Estimates of individual unconditional efficiencies are given by �( )θ χ|X Yi i n , i = 1, . . ., n, and 
for the conditional case we have by (4.33)

 � �( ) = ( )θ θ χ| |X Y Z X Yc i i i i i n
k  (4.34)

for i = 1, . . ., n and k such that Zi = zk. Here either FDH, VRS-DEA or CRS-DEA estimates can 
be used as appropriate. Similar expressions exist for other orientations (for example, output 
or hyperbolic). However, a test statistic constructed from sample means of the two sets of 
estimates over i = 1, . . ., n cannot be used, since under the null, the asymptotic distribution of 
� �

, , ,µ µ−θ θn c n  will be degenerate with mass one at zero as shown by Daraio et al. (2018).
The solution to this problem is analogous to the method used for testing the convexity of 

Ψ described  in Section 4.2. We can  randomly split  the sample  Sn  into two parts S1, 1n  and 
S2, 2n

 such that  = / 21n n , n2 = n − n1 such that S S S∪ =1, 1 2, 2n n n and S S∩ ∅=1, 1 2, 2n n .7 The n1  
observations in S1, 1n  are used to provide the unconditional estimates, while the n2 observa-
tions in S2, 2n  are used to provide the conditional estimators. The sample S1, 1n  provides the 
marginal cloud of points χ1, 1n  and the sample S2, 2n  defines the K conditional clouds of points 

χ |= {( , ) = }2, 2 =1
2,X Y Z zn

k
i j i j i j k j

n k  for k = 1, . . ., K, where S∈( , , ) 2, 2
X Y Zij i j i j n .

Estimators of the unconditional and conditional means are given by
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1
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and
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1
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As noted by Daraio et al. (2018), the conditional estimates in group 2 have the usual conver-
gence rate of the unconditional efficiency estimates in group 1. This is because for discrete Z, 
no bandwidth is involved in the estimation, and each subsample χ2, 2n

k  has a size proportional to 
n2, for k = 1, . . ., K. Splitting the sample ensures that the two sample means are independent, 
avoiding difficulties that would otherwise arise from any non-zero covariance.

Given the independent sample means in (4.35) and (4.36), a statistic for testing separability 
can be constructed along the lines of the difference-in-means test described above in Section 
4.1 by adapting the test statistics defined in (4.22) and (4.23). The bias correction terms for 
group 2 must be computed separately and independently for each subgroup k = 1, . . ., K. This 
involves splitting each of the K subgroups of group 2 to compute the generalized jackknife 
estimates of bias for each subgroup as described above. See Daraio et al. (2018) for additional 
details and proofs. Conditional efficiency estimators, as well as the separability tests of Daraio 
et al. (2018), are implemented in the FEAR software described by Wilson (2008).

6.  DEALING WITH DYNAMIC ISSUES

Malmquist productivity indices are widely used in dynamic contexts for measurement of 
productivity change from one period to another. They are often estimated using nonparametric, 
data envelopment analysis (DEA) estimators due to the work of Färe et al. (1992). Kneip et al. 
(2021) provide the theoretical developments needed to make inference about productivity 
change measured  by Malmquist  indices when Ψ  is  convex,  for  both  individual  producers 
as well as for geometric means over a sample of producers. Malmquist indices are often 
decomposed into various measures of the sources of productivity change, such as changes 
in efficiency or changes in technology (that is, movement of the efficient frontier over time). 
Simar and Wilson (2019) provide CLTs that permit inference about geometric means of the 
components of Malmquist indices, as well as arithmetic means of their logarithms. We sum-
marize here the results providing asymptotic confidence intervals for changes in efficiency and 
for changes in technology that are used in our application below in Section 7. For more details, 
see Simar and Wilson (2019) and Kneip et al. (2021).

Assume that at time t, the attainable set is given by

 Ψ | can produce at time= {( , ) }.x y x y tt  (4.37)

Then the efficient frontier at time t is given by

 γ γ γΨ ∈ Ψ ∉ Ψ ∀∂ −|= {( , ) ( , ) > 1}.1x y x yt t t  (4.38)

As in Section 2, we assume the same, usual characteristics for Ψt coming from production 
theory.

Now consider a sample of inputs and outputs for n units observed in periods t = 1 and  
t = 2. Denoting = ( , )W X Yi

t
i
t

i
t , the sample is represented by χ = {( , )}1 2

=1W Wn i i i
n . Note that the 

Wi
t  are independent for i = 1, . . ., n, but may be dependent across time, that is, 1Wi  and 2Wi  may 

be dependent. For notational simplicity, assume here and below that the same units are observed 
in both time periods (Simar and Wilson, 2019 consider the more general situation where some 
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units are observed in only one period). We analyze the components of the Malmquist indices 
described in equation (2.11) in Simar and Wilson (2019), in terms of hyperbolic measures of 
efficiency defined in (4.5). Working in the hyperbolic orientation avoids problems that may 
arise when working in the input or output directions, where some cross-period efficiencies 
might not be defined. The change in efficiency for the ith unit from t1 to t2 is measured by

 E
γ
γ

Ψ
Ψ

|
|

=
( )
( )

,
2 2

1 1

W
Wi
i

i

 (4.39)

and the technology change from t1 to t2 faced by the ith unit is described by
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 (4.40)

Note that both Ei  and T i  provide measures of change regardless of whether the attainable sets 
are convex or whether returns to scale are constant or otherwise. Consequently, estimators �E i 
and �T i  of Ei  and T i  can be obtained by replacing the hyperbolic distance measures on the 
right-hand sides of (4.39) and (4.40) with FDH, VRS-DEA or CRS-DEA estimators, depend-
ing what  is assumed about Ψt for t ∈ {1, 2}. Then the convergence rates for the resulting 
estimators of Ei  and T i  are the same as the rate for the particular estimator substituted on the 
right-hand side.

Simar and Wilson (2019) extend the results of Kneip et al. (2021) to derive the asymptotic 
behavior of these estimators which share the same rate of convergence nκ of the efficiency 
estimators used to construct �E i  and �T i , where corresponding values of κ are given in Section 3 
and depend on the particular estimator used (that is, FDH, VRS-DEA or CRS-DEA). These 
results permit estimation of asymptotic confidence intervals for Ei  and T i  using the subsam-
pling methods described in Simar and Wilson (2011a).

Researchers often report geometric means of estimates of changes in efficiency or technol-
ogy over all of the n units represented in a given sample. For efficiency change, applied 
researchers may compute the geometric mean

 G nn
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which can be viewed as an estimator of E EE ( )exp log= [ ( )]G i . The geometric mean of techni-
cal change estimates �T i , i = 1, . . ., n can be computed similarly. Simar and Wilson (2019, 
Theorem 4.10) derive limit theorems for these geometric means and other variants. These 
CLTs are analogous, mutatis mutandis, to the CLTs presented in (4.22) and (4.23), with limit-
ing normal distributions with the rate of convergence governed by κ (and with the value of κ 
varying according the chosen nonparametric estimator of the individual efficiencies and the 
dimension p + q of the production set).

For example, for the geometric mean of the estimated efficiency changes, we have

 �� (0, ), = ( ), , , , ,
2 2

, ,
1/2

E E E E

L

E E Eσ( )− − − →κ κ κ
−withn G G B R N G R o nn n n n  (4.42)
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as n → ∞ provided: (i) p + q ≤ 3 if the FDH estimator is used; (ii) p + q ≤ 4 and Ψt is convex 
if the VRS-DEA estimator is used; or (iii) p + q ≤ 5 if Ψt is convex, CRS holds, and either the 
VRS-DEA or CRS-DEA estimator is used. Alternatively, if κ < 1/2 then

 �� (0, ), = ( ), , , , ,
2 2

, ,E E E E

L

E E Eσ( )− − − →κ

κ κ κ κ
κ−withn G G B R N G R o nn n n n  (4.43)

as n → ∞ under appropriate assumptions on Ψt corresponding to the particular estimator used 
(for example, FDH, VRS-DEA or CRS-DEA).

The bias correction � , ,E κB n  is computed using a generalized jackknife procedure similar to 
the one described in Section 3. The sample χn must be randomly split into two subsamples 
as before to ensure independence, but here the split is done across the set of n firms, keep-
ing the same pair of observations for a given firm at times t1 and t2 in the same subsample 
to preserve the time-dependence (see Simar and Wilson, 2019 for details). Since we have 
consistent estimators of EG  and of Eσ 2 , the limit theorems in (4.42) and (4.43) can be used to 
construct asymptotic confidence intervals for EG  by using quantiles of the normal distribution. 
Equivalently, as is standard in statistical practice, one can test the null hypothesis that E = 1G  
(i.e, no efficiency changes between the two periods) versus the alternative hypothesis that 
E ≠ 1G , by checking whether the appropriate estimated confidence interval includes the value 1. 

Estimates of the measures of efficiency and technology change in (4.39) and (4.40), as well 
as the Malmquist index and its other components, can be computed using the FEAR library 
introduced by Wilson (2008).

7.  EFFICIENCY OF US MUNICIPAL GOVERNMENTS

In this section we show how the tools discussed above can be used to analyze the performance 
of US municipal governments. We examine performance in two years, 2002 and 2012. Data 
are taken from the Annual Survey of State and Local Government Finances, the Annual U.S. 
Building and Permit Survey, the U.S. Census of Governments, the U.S. Bureau of Labor 
Statistics (BLS) and the Federal Bureau of Investigation (FBI) to define input and output 
variables broadly representative of those used in studies of local governments’ efficiency in the 
literature. All dollar amounts are measured in terms of thousands of constant, 2008 US dollars. 
We use the U.S. Consumer Price Index (CPI) reported by the BLS for cities and regions to 
adjust for price differences across municipalities in the United States.8

Studies of local governments are often limited by data availability, and the story here is 
no different. Nonetheless, we use total current operating expenditures as our single input 
(denoted by X) so that p = 1. This is consistent with other studies, for example, Štastná and 
Gregor (2015). We define q = 6 output variables consisting of total population (Y1), total 
charges for sewerage and waste management (Y2), the reciprocal of the total crime rate (Y3), 
total land area (in square miles) (Y4), total building permits (Y5) and the employment rate (Y6). 
These are again representative of what others have specified. The broad collection of outputs 
reflects the wide variety of goods and services provided by municipal governments in the US. 
Total population reflects the number of people served, and is widely used in studies of local 
governments (for example, lo Storto, 2013). The reciprocal of the total crime rate reflects law 
enforcement services providing public safety. Total land area gives a measure of the physical 
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space over which goods and services are provided. Total building permits provides a measure 
of administrative services provided, and the employment rate gives a measure of amenities 
(including jobs, but this is also related to other amenities that attract employers). We use the 
U.S. Census Bureau’s definition of local government, corresponding to type code 2 in the U.S. 
Census of Governments’ 14-digit government ID code.

After eliminating observations with missing values for one or more of our variables, we 
have 730 observations for 2002 and 800 observations for 2012, giving a total of 1530 obser-
vations. As one might expect, there is a good deal of collinearity among the six outputs. We 
standardize the outputs by dividing each variable by its standard deviation, and then compute 
the eigenvalues of the (raw) moment matrix for the six standardized outputs as discussed in 
Section 3.4. The ratio of the largest eigenvalue to the sum of the six eigenvalues is 0.9851, 
providing clear evidence in view of Wilson (2018) that dimension-reduction is likely to reduce 
the mean-square error of our efficiency estimates. Consequently, we multiply the (n × 6) matrix 
of standardized outputs by the eigenvector corresponding to the largest eigenvalue to construct 
a single output measure denoted by Y* as discussed above in Section 3.4. In all of our estima-
tion, we use the single input measure X and the single output measure Y*, and hence p = q = 1. 
Summary statistics for these variables as well as the original six output measures are provided 
in Table 4.1. The summary statistics reveal that several of the marginal distributions are heavily 
skewed to the right, reflecting the distribution of city sizes in the Unites States. Table 4.2 gives 
the number of observations for each year by census region; regions 1–4 correspond to the 
Northeastern, Midwestern, Southern and Western parts of the United States.9

Table 4.1 Summary statistics

Variable Min Q1 Median Mean Q3 Max
X 9.4800(2) 5.7970(4) 1.0492(5) 2.6124(5) 2.2749(5) 1.0844(7)
Y1 7.9700(2) 2.9383(4) 4.5486(4) 8.6136(4) 7.7029(4) 3.7926(6)
Y2 1.0381(1) 7.6186(3) 1.4982(4) 3.1267(4) 2.8571(4) 1.0198(6)
Y3 2.8500(−6) 1.7451(−4) 2.5331(−4) 3.2229(−4) 3.7059(−4) 9.5493(−3)
Y4 5.4000(−1) 1.1950(1) 2.1440(1) 4.2049(1) 3.8172(1) 2.7167(3)
Y5 1.0000(0) 4.9000(1) 1.7300(2) 4.1293(2) 4.4800(2) 8.8460(3)
Y6 8.0800(1) 9.1900(1) 9.3600(1) 9.3235(1) 9.5000(1) 9.8500(1)
Y* 8.1739(2) 3.0965(4) 4.8038(4) 9.1560(4) 8.0390(4) 3.9234(6)

Note: Values are given in scientific notation; for example, 8.1739(2) represents 8.1739 × 102 = 817.39.

Table 4.2 Sample sizes by year and U.S. Census region

Year All Regions Region 1 Region 2 Region 3 Region 4
2002 730 75 158 289 208
2012 800 72 200 299 229
TOTAL 1530 147 358 588 437
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We first estimate efficiency for each year across all regions, and then by region using only 
observations in a specific year and in region j ∈ {1, 2, 3, 4} to estimate hyperbolic efficiency 
given by (4.5) for observations in the same year and region. We use first the original input-
output specification with X and Y1, . . .,Y6 and then with the reduced-dimension data consisting 
of X and Y*, and we consider the FDH, VRS-DEA and CRS-DEA estimators. We report in 
Table 4.3 the number of observations with efficiency estimates equal to one in each case. Using 
the FDH estimator on the original data, almost half of the observations in each year yield 
estimates equal to one when data are pooled across regions. Estimating independently for each 
region, the FDH estimator yields estimates equal to one for well over half of the observations 
in a region-year. The VRS-DEA estimator yields far fewer estimates equal to one, and the 
CRS-VRS estimator yields still fewer such estimates. This is to be expected, but it is important 
to realize that if one used only the VRS-DEA estimator, most of the apparent inefficiency one 
would find is only a consequence of the VRS-DEA estimator’s imposition of convexity on Ψ. 
But whether Ψ is convex is an empirical question.
Before testing convexity of Ψ, we first test separability with respect to census regions for 

each year, and then we test separability with respect to time for each census region. For these 
tests, we use the reduced-dimension data and input, output and hyperbolic oriented FDH esti-
mators. We use the FDH estimators since they require neither convexity nor constant returns 
to scale, and thus are the most flexible among the three types of nonparametric estimators. We 
use 100 sample-splits and 1000 bootstrap replications as described in Section 5.2. Results are 
given in Tables 4.4 and 4.5, where ‘Test #1’ indicates tests based on averaging test statistics 
across the sample splits, and ‘Test #2’ indicates tests based on the distribution of the p-values 
for each split as discussed in Section 5.2. For the tests of separability with respect to census 
regions we have six tests, and each yields a p-value of zero as shown in Table 4.4. For the tests 
of separability with respect to time by census regions, we have 24 tests, and again all of the 24 
p-values are equal to zero. Consequently, the tests provide strong evidence against separability 

Table 4.3  Numbers of observations with estimated hyperbolic technical efficiency equal to 
1 in each year

Without Dimension 
 — Reduction —

With Dimension 
 — Reduction —

Year Region n FDH VRS CRS FDH VRS CRS
2002 all 730 364 35 6 28 5 1
2012 all 800 381 35 7 31 6 1
2002 1 75 61 17 5 9 3 1

2 158 99 23 4 23 6 1

3 289 186 44 6 27 7 1

4 208 148 27 8 19 5 1

2012 1 72 64 23 6 10 3 1
2 200 118 27 4 23 9 1

3 299 186 42 5 26 5 1

4 229 167 33 13 25 5 1
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with respect to either time or region. The evidence suggests that in a given year, municipalities 
in different regions face different frontiers, and in a given region, these frontiers are changing 
over time (this will be revisited below).

The results of the separability tests make clear that convexity should be tested for each 
region-year. Table 4.6 gives the results of these tests. Again, we have two tests, #1 and #2, 
as mentioned above, and we again use 100 sample splits and 1000 bootstrap replications. 
Altogether, there are 48 tests, and the results are mixed. For example, for region 4 in 2012, 
convexity is clearly rejected in five out of six cases; the only case in which convexity is not 
rejected is Test #1 using the output orientation. We test in all three directions as a check on 
robustness, and the results illustrate that conflicting results can arise. The failure to reject in 
the output orientation may be a consequence of the heavy right-skewness of X and Y*, but in 
any case, there is substantial evidence against convexity for this region-year. By contrast, we 

Table 4.4  Test for separability with respect to census regions, by time (100 splits,  
1000 bootstrap replications; p = q = 1)

— Input — — Output — — Hyperbolic —

Year Statistic p-value Statistic p-value Statistic p-value
Test #1:

2002 9.301 0.000 7.157 0.000 7.806 0.000
2012 11.021 0.000 9.131 0.000 11.814 0.000
Test #2:

2002 0.919 0.000 0.947 0.000 0.928 0.000
2012 0.997 0.000 0.987 0.000 0.968 0.000

Table 4.5  Test for separability with respect to time by census regions (100 splits,  
1000 bootstrap replications; p = q = 1)

— Input — — Output — — Hyperbolic —

Region Statistic p-value Statistic p-value Statistic p-value
Test #1:

1 0.182 0.000 5.389 0.000 3.842 0.000
2 0.805 0.000 2.466 0.000 1.636 0.000
3 1.035 0.000 6.015 0.000 6.779 0.000
4 9.527 0.000 15.129 0.000 22.608 0.000
Test #2:

1 0.333 0.000 0.731 0.000 0.608 0.000
2 0.382 0.000 0.564 0.000 0.478 0.000
3 0.443 0.000 1.000 0.000 1.000 0.000
4 1.000 0.000 0.986 0.000 0.984 0.000
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fail to reject convexity for region 1 in 2002. Since we reject convexity in some, although not 
all, cases we subsequently use only FDH estimators, as they remain consistent in either case, 
that is, regardless of whether Ψ is convex, whereas the VRS-DEA and CRS-DEA estimators 
do not. Moreover, the results of the separability tests discussed above indicate that efficiency 
should be estimated independently for each region-year.

In Tables 4.7–4.9 we give summary statistics for hyperbolic, input and output oriented FDH 
efficiency estimates in each region-year. These results reveal a wide range of performances by 
municipalities in each region-year. Comparison across orientations also reveals some differ-
ences and, in particular, the hyperbolic measure suggests greater efficiency on average than 
either the input or output measures. The hyperbolic measure defined in (4.5) is less sensitive 
to the curvature of the frontier where an inefficient observation is projected onto the frontier 
than either the input or the output measures for reasons discussed by Wilson (2011). It is worth 
noting that our input measure X is total operating expenditure, that is, cost. Consequently, the 
input-oriented estimates in Table 4.8 can be viewed as estimates of cost-efficiency as discussed 

Table 4.6  Test for convexity by year and census region (100 splits, 1000 bootstrap 
replications; p = q = 1)

— Input — — Output — — Hyperbolic —
Year Region Statistic p-value Statistic p-value Statistic p-value
Test #1:

2002 1 0.415 0.768 1.307 0.995 0.212 0.220
2 0.712 0.752 0.683 0.306 1.234 0.931

3 0.012 0.555 0.040 0.666 0.171 0.544

4 1.896 0.000 0.678 0.966 1.801 0.000

2012 1 0.903 0.916 0.022 0.796 1.549 0.998
2 0.637 0.209 1.139 0.030 0.513 0.772

3 1.067 0.001 0.274 0.577 0.242 0.041

4 1.177 0.000 1.966 1.000 1.961 0.000

Test #2:

2002 1 0.273 0.156 0.374 0.109 0.233 0.347
2 0.318 0.257 0.340 0.293 0.383 0.141

3 0.163 0.695 0.187 0.534 0.139 0.829

4 0.559 0.001 0.318 0.076 0.537 0.000

2012 1 0.359 0.063 0.266 0.445 0.457 0.003
2 0.513 0.009 0.477 0.019 0.326 0.247

3 0.504 0.001 0.228 0.509 0.245 0.504

4 0.552 0.000 0.594 0.000 0.707 0.000
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by Simar and Wilson (2020b). While this is true, it is also worth considering other paths to the 
frontier of the set of feasible costs and output quantities as given in Tables 4.7 and 4.9.

NOTE: Reported values reflect inverse efficiency estimates in order to facilitate comparison 
with hyperbolic and input-oriented efficiency estimates.

Table 4.7  Summary statistics for hyperbolic FDH technical efficiency estimates by year 
and census region (with dimension reduction; p = q = 1)

Year Min Q1 Median Mean Q3 Max Var
— Region 1: Northeast —
2002 0.454 0.566 0.669 0.705 0.884 1.000 0.033
2012 0.407 0.650 0.741 0.764 0.916 1.000 0.028
— Region 2: Midwest —
2002 0.488 0.729 0.825 0.825 0.949 1.000 0.018
2012 0.370 0.722 0.800 0.797 0.891 1.000 0.018
— Region 3: South —
2002 0.272 0.604 0.742 0.728 0.860 1.000 0.031
2012 0.275 0.617 0.767 0.747 0.890 1.000 0.029
— Region 4: West —
2002 0.278 0.561 0.677 0.694 0.837 1.000 0.031
2012 0.301 0.539 0.696 0.701 0.855 1.000 0.038

Table 4.8  Summary statistics for input-oriented FDH technical efficiency estimates by year 
and census region (with dimension reduction; p = q = 1)

Year Min Q1 Median Mean Q3 Max Var
— Region 1: Northeast —
2002 0.190 0.297 0.415 0.525 0.739 1.000 0.072
2012 0.195 0.369 0.590 0.611 0.829 1.000 0.068
— Region 2: Midwest —
2002 0.166 0.477 0.640 0.667 0.897 1.000 0.053
2012 0.104 0.440 0.584 0.609 0.773 1.000 0.052
— Region 3: South —
2002 0.046 0.302 0.513 0.530 0.737 1.000 0.073
2012 0.049 0.311 0.515 0.545 0.761 1.000 0.072
— Region 4: West —
2002 0.028 0.201 0.349 0.439 0.637 1.000 0.081
2012 0.039 0.242 0.361 0.472 0.731 1.000 0.086
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Tables 4.10 and 4.11 report geometric means of estimates of the efficiency-change and 
technology-change measures defined in (4.39) and (4.40), along with corresponding p-values 
indicating significant differences from 1 as discussed above in Section 6. Once again, the input, 
output and hyperbolic directions are used as a robustness check. In Table 4.10, the results give 
clear evidence of efficiency change in region 1. For the input and hyperbolic orientations, 
values greater than 1 indicate an increase in inefficiency, while for the output orientation, 
values less than 1 indicate an increase in inefficiency. Each of the three estimates for region 1 
indicate a significant increase in efficiency from 2002 to 2012. Tests using the output orienta-
tion are insignificant for regions 2–4, and for region 3 using the hyperbolic orientation. Results 
using the input orientation are significant for each region, and using the hyperbolic orientation 
leads to significant results not just for region 1 but also for regions 2 and 4. For region 2, the 
input and hyperbolic directions agree and suggest a decline in efficiency from 2002 to 2012. 
The results for regions 3 and 4 are mixed, and so one should be careful about drawing conclu-
sions for these regions as the evidence is not clear.

Table 4.9  Summary statistics for output-oriented FDH technical efficiency estimates by 
year and census region (with dimension reduction; p = q = 1)

Year Min Q1 Median Mean Q3 Max Var
— Region 1: Northeast —
2002 0.209 0.368 0.481 0.559 0.750 1.000 0.063
2012 0.153 0.352 0.571 0.604 0.876 1.000 0.080
— Region 2: Midwest —
2002 0.248 0.571 0.725 0.718 0.893 1.000 0.040
2012 0.174 0.557 0.688 0.688 0.814 1.000 0.039
— Region 3: South —
2002 0.105 0.410 0.593 0.597 0.785 1.000 0.058
2012 0.127 0.424 0.623 0.619 0.815 1.000 0.057
— Region 4: West —
2002 0.101 0.435 0.547 0.593 0.735 1.000 0.050
2012 0.112 0.402 0.565 0.598 0.776 1.000 0.055

Table 4.10 Estimates of efficiency change, 2002–12, by region (FDH; p = q = 1)

— Input — — Output — — Hyperbolic —

Region Statistic p-value Statistic p-value Statistic p-value
1 1.121 9.668(−7) 0.991 6.389(−2) 1.065 6.564(−12)
2 0.968 5.700(−6) 1.009 1.954(−1) 0.991 4.226(−2)
3 0.984 7.298(−3) 0.997 6.075(−1) 1.001 3.184(−1)
4 1.048 2.953(−5) 1.036 9.609(−1) 0.970 2.480(−3)

Note: Values in parentheses give value of exponent in scientific notation; for example, 9.668 × 10−7 is denoted by 
9.668(−7).
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Estimation of the technical change measure defined in (4.40) requires estimation of 
distances from observations in one period to the frontier in another period as revealed by the 
expression in (4.40). To avoid numerical problems arising from not being able to reach the 
frontier from a different period in the input or output directions, we estimate the technical 
change measure using only the hyperbolic direction. The results in Table 4.9 reveal statistics 
that are significantly less than one for each of the four regions, indicating that technology 
shifted downward from 2002 to 2012. The separability tests in Table 4.5 indicate that the 
technology is different in 2002 and 2012 for each region, but the results here give evidence on 
the direction of the change. For region 1, the improvement in efficiency suggested by results 
in Table 4.10 is offset to some degree by the downward shift of the efficient frontier. While 
municipalities in region 1 may have increased their efficiency, this was due in part to the 
downward shift in the technology as opposed to an increase in productivity.

8.  CONCLUSIONS

The discussions of techniques and methods in this chapter are, for purposes of brevity, limited 
to radial (that is, proportional) efficiency measures. However, all of the results discussed above 
extend to directional efficiency measures developed by Chambers et al. (1996, 1998). With 
directional measures, efficiency of a unit is measured by its distance to the efficient boundary 
in a direction fixed by a given vector in R+

+p q ; efficiency is given by an additive quantity as 
opposed to a multiplicative factor as in the case of radial measures, but otherwise the details 
and associated statistical issues are similar. Asymptotic properties of FDH estimators of these 
directional distances are developed by Simar and Vanhems (2012), and by Simar et al. (2012) 
for corresponding DEA estimators. The CLTs developed by Kneip et al. (2015b) and Daraio 
et al. (2018) as well as the tests developed by Kneip et al. (2016) and Daraio et al. (2018) 
described above extend easily to additive, directional distances.

It is well known that envelopment estimators such as those discussed in this chapter are 
susceptible to outliers in the data. As discussed by Wilson (1993) and others, outliers can be 
observations from the tail of a distribution, and hence important to consider, or they can result 
from corrupted data in which case they should be removed. Various methods for detecting 
outliers have been developed, including those described by Wilson (1993, 1995), Simar (2003) 
and Porembski et al. (2005). Finding outliers in more than a few dimensions is a formidable 

Table 4.11  Estimates of technology change, 2002–12, by region (hyperbolic FDH;  
p = q = 1)

Region Statistic p-value
1 0.820 3.875(−74)
2 0.916 1.687(−8)
3 0.903 1.914(−91)
4 0.967 9.199(−1)

Note: Values in parentheses give value of exponent in scientific notation; for example, 3.875 × 10−74 is denoted by 
3.875(−74).



98  Handbook on public sector efficiency

task, and more than one method should be used. Alternatively, one can use robust (with respect 
to outliers) methods based on order-α frontiers (for example, see Aragon et al., 2005; Daouia 
and Simar, 2007; Wheelock and Wilson, 2008) or order-m frontiers (for example, see Cazals 
et al., 2002). Both of these ideas are based on the idea of estimating not the full frontier Ψ∂, 
but rather a feature (that is, a ‘partial frontier’) lying close to the full frontier. Order-α frontiers 
are based on quantiles, while order-m frontiers use a trimming parameter (denoted by m) 
to eliminate the influence of potential outliers or extreme points in the data. Both methods 
provide benchmarks against which efficiency can be measured. See Simar and Wilson (2013) 
for additional discussion.

Some research also investigates how noise in the observation process might be accounted 
for, along the lines of the so-called stochastic frontier analysis, but without introducing 
restrictive functional-form assumptions. The literature on stochastic frontier analysis involves 
fully parametric approaches, but this new strain in the literature focuses on nonparametric 
and semiparametric models and methods. So far, most of the work in this area is limited to 
univariate response models (for example, production functions or cost functions); for example, 
see the work by Kumbhakar et al. (2007), Kneip et al. (2015a), Simar et al. (2017) and Florens 
et al. (2020). Multivariate extensions include Simar (2007), Simar and Zelenyuk (2011) and 
Simar and Wilson (2023).

For too many years, FDH and DEA estimators were used without any statistical underpin-
nings. Papers in the literature from the 1980s and beyond often imply that truth can be learned 
from data, but in fact, one can only obtain estimates and make inferences using data. Today, 
however, empirical researchers can bring a ‘tool box’ full of statistical tools to data in order 
to conduct rigorous analyses and to quantify how the uncertainty surrounding estimates can 
be quantified. The various testing methods discussed here have been implemented in the 
FEAR software package introduced by Wilson (2008), and so there is little excuse for not 
using these methods.

NOTES

1. The review by Narbón-Perpiñá and De Witte (2018, Table A2) lists 97 empirical studies of local government 
efficiency. Sixty-six of these studies use nonparametric estimators, while only 31 use parametric methods. Among 
the 66 papers employing nonparametric estimators, 50 use DEA estimators, 14 use FDH estimators, and 2 use 
both.

2. Free disposability means that for any � ≥x x  and � ≤y y, if (x, y) ϵ Ψ then  � � ∈ Ψ( , )x y .
3. As seen below, methods exist for reducing the dimensionality of a given problem. In many cases, this substantially 

reduces estimation error.
4.  See also the recent surveys by Bădin et al. (2012, 2014).
5. Unfortunately, papers continue to appear in which these points are ignored. Such papers should be disregarded.
6. The separability test with discrete environmental variables appears in Daraio et al. (2018, Appendix C).
7. Alternatively, one can stratify the splitting, by splitting each subgroups of data χn

k  independently for k = 1, . . ., K.
8. Separate versions of the CPI are available for select cities. Where these are not available, we use regional CPIs 

to adjust for price differences.
9. A map showing census regions of the United States is available at https://www2.census.gov/programs-surveys/

sahie/reference-maps/2014/us-regdiv.jpg.
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5. Overall public sector efficiency
Antonis Adam and Sofia Tsarsitalidou

1. INTRODUCTION

Evaluating overall Public Sector Efficiency (PSE) is crucial for policy analysis. Despite the 
issue’s importance, there are still not many studies examining overall PSE at the country 
level. Even though Afonso et al. (2005) have provided a framework for aggregating different 
government activities in a single index, data limitations do not allow the use of the index in a 
large cross-section of countries. Moreover, most non-parametric methods (Data Envelopment 
Analysis or Free Disposable Hull) used to evaluate how public sector inputs are translated into 
public sector performance require a homogeneous sample of countries.1 Hence, most of the 
existing studies in overall PSE typically cover only high-income countries.

In the present chapter, we construct PSE scores for many countries, developing and devel-
oped, and then examine the external factors that affect the efficiency of the public sector. Our 
initial step is to briefly present previous studies that measure overall PSE and the main external 
variables found in this literature as determinants of PSE. The main focus is on country-level 
studies.2 Then, as a next step, we compile PSE indicators, using partial frontier efficiency 
analysis and, more precisely, order-m efficiency scores (Tauchmann 2012). The advantage 
of this methodology is that it generalizes Free Disposable Hull (FDH) by adding a layer of 
randomness to PSE computation. By computing the efficiency scores D times, for m units each 
time, (i) it allows observations to lie outside the efficiency frontier, (ii) it makes the frontier 
less vulnerable to outliers and (iii) the results do not suffer from the curse of dimensionality 
(Daraio and Simar 2007).

To measure the effect of external factors, we follow the method of Daraio and Simar 
(2007) and De Witte and Kortelainen (2013). This method uses the share of conditional to 
unconditional order-m scores and employs non-parametric regression methods to determine 
the influence of environmental variables. This method overcomes several disadvantages of the 
Ordinary Least Squares, tobit or double bootstrap analysis (Simar and Wilson 2007), which 
were typically used to assess the effect of external factors.3 Furthermore, our results verify 
several previous findings regarding the external environment’s effect, at least qualitatively.

2.  MEASURING PSE

2.1 Previous Studies

Several contributions have tried to establish a standard measure of overall PSE. The seminal 
study of Afonso et al. (2005) constructs measures of PSE for 23 industrialized countries over 
the 1990–2000 period, using a FDH analysis. To measure public sector performance (PSP), 
this paper defines seven areas of government activity and combines them as a performance 
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indicator. These are sub-indicators of administrative, education, health and public infrastruc-
ture outcomes, economic stability, income distribution and allocative efficiency. The former 
four sub-indicators are what the authors define as ‘opportunity indicators’, whereas the latter 
three cover the Musgravian tasks of the government.

Specifically, for country i and activity area j

 ∑=
=

  
1

PSP PSPi
j

n

ij

where PSPij = f(Ik), with k the number of economic and social indicators of each area of 
government activity. The PSPij is computed and normalized over the country sample average. 
The overall PSP score is simply the sum of all performance indicators. The overall PSP indica-
tor is then used as the FDH analysis output, where the related input is considered the overall 
level of public sector spending. As a next step, the authors employ FDH analysis to rank the 
efficiency of producers. Thus, they compare each individual performance with a theoretical 
production possibility frontier. With this analysis, they can determine the lowest level of inputs 
necessary to produce a given level of outputs, when they compute input-oriented efficiency 
scores, and the highest level of output for a given level of inputs, when the output-oriented 
scores are calculated. Hence, a measure of the slack of public expenditures is constructed, and 
the relative efficiency of each country’s public sector is evaluated.

The construction of an overall PSP indicator, to our understanding, has two fundamental 
advantages. First, it allows the aggregation of all government outputs into a single index, 
and second, it deals with the dimensionality curse (Park et al. 2000) when applying the FDH 
approach.

Several papers have followed the tradition of Afonso et al. (2005) to derive measures of PSE. 
This literature is highlighted in Table 5.1. The common element in these papers is that first, 
performance indicators for each area of public sector activity are derived. Then, these separate 
scores are aggregated to a single PSP measure which is later used as an output indicator in a 
parametric or non-parametric analysis.

Despite these standard features, there is high heterogeneity across studies on the country 
sample employed, the socio-economic indicators considered to be the output of the public 
sector and the method employed to estimate the public sector slack. As the table suggests, 
most studies on overall PSE use a sample of developed countries. The exceptions to this are 
Herrera and Pang (2005), Angelopoulos et al. (2008), Hauner and Kyobe (2010) and Adam 
et al. (2011a). Even though these studies have a larger number of countries with different 
public production technologies and different institutional environments, their PSP analysis is 
limited by the availability of data. They, thus, resort to a more restricted array of public sector 
activities, as well as use fewer output indicators in each area.

Regarding the assumed socio-economic outputs of the public sector, there is a trade-off 
between country/year coverage of the PSE scores and the quality of the index. Some studies 
limit their analysis to Education and Health (for example, Herrera and Pang 2005; Hauner and 
Kyobe 2010; Adam et al. 2014), where both the effect of private sector involvement and the 
quality of the final output can be taken into account. Other studies (most notably Christl et al. 
2020) use a variety of public sector output indicators.

Finally, most studies use non-parametric techniques, that is, FDH and DEA techniques 
(Herrera and Pang 2005; Hauner and Kyobe 2010; Afonso et al. 2005, 2010; Adam et al. 2011b, 
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Table 5.1 Summary of studies

Study Outputs Inputs Countries Method 

Afonso et al. 
(2005)

Administrative: corruption, 
red tape, quality of the 
judiciary, size of the shadow 
economy.
Education: secondary 
enrollment, OECD 
educational attainment index.
Health: infant mortality and 
life expectancy.
Public Infrastructure: quality 
of communication and 
transport infrastructure.
Economic Stability: stability 
of the output growth, average 
inflation.
Income Distribution: share of 
the poorest 40% households.
Allocative Efficiency: GDP 
per capita, GDP growth, 
unemployment.

Total public spending 
as a percent of GDP.
Spending on 
goods and services 
(administration). 
Spending on health 
and education.
Social payments.
Public investment.
Total public 
spending (economic 
performance).

Industrialized 
Countries

Public 
Sector 
Performance
FDH

Afonso et al. 
(2010)

As in Afonso et al. (2005). Industrialized 
Countries

DEA

Afonso and 
Aubyn (2013)

Human Capital.
Public Physical Capital.
Private Physical Capital.

GDP per worker. OECD 
countries

DEA
Malmquist 
productivity
Stochastic 
Frontier 
Analysis 
(SFA)

Angelopoulos 
et al. (2008)

Education: secondary school 
enrollment.
Administration: (absence of) 
corruption and bureaucratic 
quality.
Infrastructure: Diesel 
locomotives in use, (inverse 
of) power transmission and 
distribution losses.
Stabilization: Inverse of 
inflation and unemployment.

Public Expenditure 
education in each 
policy area.
Total Government 
Expenditure 
(infrastructure).

64 countries 
(high and 
lower income)

Public 
Sector 
Performance
SFA

(Continued)
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Study Outputs Inputs Countries Method 

Papaioannou 
(2016)

Education: tertiary school 
enrollment.
Administration: (absence 
of) corruption, judicial 
independence, protection of 
property rights.
Infrastructure: volume of 
freight carried by air transport, 
fixed telephone subscriptions, 
mobile telephone users, 
number of internet users.
Stabilization: Inverse of 
inflation and unemployment.

Public consumption 
as share in GDP 
(administration and 
stabilization).
Public spending 
on education as a 
percentage of GDP.
Public investment 
as a share of GDP 
(infrastructure).

EU 28 

Adam et al. 
(2014)

Education: years of schooling 
multiplied by education 
quality indicator and by share 
of public to total educational 
spending.
Health: life expectancy at 
birth and inverse of infant 
mortality rate both multiplied 
by the share of public to total 
spending on health.

Public spending 
on education as a 
percentage of GDP.
Public spending 
on health as a 
percentage of GDP.

OECD 
countries

SFA

Adam et al. 
(2011b)

Education: secondary school 
enrollment multiplied by 
education quality indicator 
and by share of public to total 
educational spending.
Health: life expectancy at 
birth and inverse of infant 
mortality rate both multiplied 
by the share of public to total 
spending on health.
Social Security and Welfare: 
inverse of income inequality.
General Public Services: 
(Inverse of) corruption, 
bureaucratic quality.
Economic Affairs: (inverse 
of) power transmission and 
distribution losses, fixed 
telephone lines access.

Public spending on 
education.
Public spending on 
health.
Public spending on 
social security and 
welfare.
Total public spending 
(Economic Affairs 
and General Public 
Services).

OECD 
countries

DEA
SFA

Adam et al. 
(2011a)

As in Angelopoulos et al. (2008) 64 countries 
(high and 
lower income)

Public 
Sector 
Performance

Table 5.1 (Continued)
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Study Outputs Inputs Countries Method 

Christl et al. 
(2020)

Administration: quality of 
public services, independence 
of the judiciary, absolute 
legal institutional quality, 
level of the shadow economy, 
corruption perceptions index, 
public-sector corruption index, 
regulatory quality.
Education: use labor force 
with primary education, 
quality of primary education, 
quality of the educational 
system, young people not in 
education or employment, 
pupil-teacher ratio in 
primary, secondary and 
tertiary education, Program 
for International Student 
Assessment score.
Health: life expectancy, 
healthy life years at birth for 
males and females, (inverse 
of) infant mortality.
Public Security: inverse of 
crime, violence, or vandalism 
in the area, organized crime, 
and reliability of police 
services.
Environmental Protection: air 
quality, environmental health, 
environmental performance 
index.
Social Security: pension 
generosity index, poverty gap, 
poverty rate 50%.
Defense: armed forces 
personnel.
Infrastructure: quality of 
overall infrastructure.
Economic Indicators: general 
government net lending, GDP 
per capita growth, general 
government debt, real GDP 
growth.
Stability: stability of economic 
growth, stability of inflation, 
political stability, and general 
government debt.
Inequality: Gini coefficient.

Public sector 
expenditure for 
each category. 
Administration: 
General public 
services expenditure.
Health: Health 
expenditure.
Environmental 
Protection: 
Environment 
protection 
expenditure.
Public security: 
Public order and 
safety expenditure.
Social security: 
Social protection 
expenditure.
Defense: Defense 
expenditure.
Infrastructure: Total 
inland transport 
infrastructure 
investment.
Total: Total 
expenditure.

23 European 
Countries

FDH
order-m

Table 5.1 (Continued)

(Continued)
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2014; Afonso and Aubyn 2013; Christl et al. 2020), whereas some others use only parametric, 
for example, stochastic frontier analysis (Afonso and Aubyn 2013; Angelopoulos et al. 2008).

Apart from the studies measuring the PSE in a cross-country framework, many studies 
focused on local PSE in provinces or municipalities inside a specific country. According to 
Afonso and Fernandes (2008), examining the efficiency of the local governments is essential 
for various reasons, as the comparison across similar units is possible, and relative efficiency 
can be evaluated more efficiently. Since the present paper deals with overall public sector effi-
ciency in a cross-country context, the interested reader is referred to the recent and extensive 
survey of Narbón-Perpiñá and De Witte (2018a, 2018b) for more details on this.

2.2 Measurement

The existing method of constructing a single PSP measure implicitly assumes that the dif-
ferent areas of public sector activity are perfect substitutes. For example, a country may 
exhibit extremely low efficiency in the education area and be highly efficient in its health 
policy. Then, the aggregation of the two sub-indicators might make one country appear more 
efficient than one with an (above) average efficiency in both policy areas. This is particularly 
important because the typical input measures used to calculate efficiency scores are all part 
of the overall government budget constraint. Hence, an inefficiently high allocation in one 
policy activity is ‘compensated’ by an inefficiently low allocation in another, giving rise to a 

Study Outputs Inputs Countries Method 

Herrera and 
Pang (2005)

Education: primary school 
enrollment (gross and net), 
secondary school enrollment 
(gross and net), literacy 
of youth, average years of 
school, first level complete, 
second-level complete, and 
learning scores.
Health: life expectancy at 
birth, DPT and measles 
immunization, disability-
adjusted life expectancy.

Public spending on 
Education.
Public spending on 
Health.

140 
Developed 
and 
Developing

DEA
FDH

Hauner and 
Kyobe (2010)

Education: Primary and 
secondary enrolment rates, 
primary education completion 
rate.
Health: DPT immunization 
rate, infant
mortality rate, mortality rate 
of female adults.

General Government 
Spending Education.
General Government 
Spending Health. 

114 
Developed 
and 
Developing

Source: Authors.

Table 5.1 (Continued)
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very high-efficiency score. To make matters worse, DEA and FDH approaches are sensitive to 
outliers. Hence, the pooling of high-income and low-income countries might be problematic.4

To deal with these issues, in the present section, we employ a partial frontier approach 
(for example, Daraio and Simar 2007; Tauchmann 2012) and, more specifically, an order-m 
efficiency approach (Cazals et al. 2002) to compute input-oriented efficiency scores. Order-m 
efficiency extends the FDH model, which adds a layer of randomness. Specifically, a sample 
of m decision-making units (DMUs) is drawn with replacement from the overall sample. Then, 
a pseudo-FDH efficiency score is calculated for this sub-sample, and the whole process is 
repeated a large number of times, D.5 The final efficiency score is the average of the pseudo-
FDH scores. This method has several advantages. First, it does not impose a maximum value 
of 1 on the efficiency score, that is, it allows for super-efficient DMUs. Second, the random 
resampling deals with the problem of outliers and measurement error, as the final order-m 
efficiency score is not sensitive to the existence of particular outliers in the whole sample. 
Finally, given that the entire measure is computed D times, there is no ‘curse of dimensionality’ 
(Daraio and Simar 2007).

Given the above, the order-m efficiency scores might be ideal for a large cross-section of 
countries. First, with the inclusion of developing countries in the sample, we should expect the 
presence of both outliers and measurement error. Moreover, as we want to measure overall PSE, 
we do not want to impose the substitutability of outputs by computing an overall PSP index.

The following table presents the input and outputs used in the analysis. All data are taken 
from the Quality of Governance (QoG) project (Teorell et al. 2020). We follow the literature 
highlighted in the previous sub-section and define public sector performance in five areas: 
public administration, education, health, infrastructure and government stability. These are the 
policy areas included in most studies on overall PSE. As our focus is on providing a measure 
for as many countries as possible, we used one variable for each area of government activity. 
For that reason, we have tried to find the most general variable for each category. The indica-
tors, definitions and data sources for output and input indicators are presented in Table 5.2.

Table 5.2 Variables employed in the PSE indicators

Indicator Definition Source
Public Sector Performance indicators (outputs)
Administration ICRG synthetic index of bureaucracy, corruption 

and law and order 
QoG- ICRG country risk 
guide

Education Gross secondary school enrollment QoG- World Bank’s 
World Development 
Indicators (WDI)

Health The inverse of infant mortality (per 1000 births) QoG- WDI
Infrastructure Number of telephone lines (per 100 inhabitants) QoG- WDI
Stability 100-Unemployment rate QoG- WDI 
Public Sector Expenditures (input)
Total Public Sector 
Expenditures

Government consumption as a share of GDP QoG- WDI

Source: Authors
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Furthermore, we have used two time periods, namely 2000–10 and 2011–20, taking aver-
ages of the corresponding variables. This ensures that short-run fluctuations are canceled out. 
Moreover, we expect that the technology of the public sector does not change within the same 
time period.

Table 5.3 presents the countries’ input-oriented efficiency scores, that is, the order-m and 
the FDH indexes and the simple DEA score. Moreover, we also present the relative rankings 
of countries for the two associated periods. Following Daraio and Simar (2005), we choose m 
so that the number of super-efficient observations is relatively constant.6 The results are also 
depicted in Figure 5.1 and Figure 5.2.

Table 5.3 Efficiency Scores

2001–10 2011–20

Country Order-m Ranking FDH DEA Order-m Ranking FDH DEA

Albania 0.973 54 0.849 0.524 0.774 62 0.761 0.547

Algeria 0.758 85 0.662 0.402 0.499 97 0.433 0.317

Angola 0.345 119 0.284 0.213 0.535 89 0.347 0.267

Argentina 0.892 66 0.803 0.568 0.586 80 0.586 0.457

Austria 1.000 19 0.602 0.525 1.000 5 0.605 0.519

Bahamas 1.001 12 1.000 0.856 0.779 60 0.777 0.681

Bahrain 1.000 19 0.728 0.523 1.000 5 0.611 0.479

Bangladesh 1.001 6 1.000 0.913 1.000 1 1.000 0.904

Armenia 1.010 3 1.000 0.665 0.812 56 0.701 0.534

Belgium 1.000 19 0.519 0.491 1.000 5 0.598 0.463

Bolivia 0.961 56 0.666 0.397 0.731 66 0.536 0.380

Botswana 0.522 110 0.493 0.296

Brazil 0.891 67 0.552 0.375 0.503 96 0.503 0.367

Brunei 0.519 111 0.470 0.352 0.430 103 0.430 0.340

Bulgaria 0.644 96 0.581 0.433 0.601 77 0.601 0.459

Myanmar 1.000 19 0.476 0.415 0.924 50 0.315 0.269

Belarus 0.888 68 0.550 0.438 1.000 5 0.670 0.643

Cameroon 0.837 72 0.462 0.382 0.926 49 0.473 0.414

Canada 1.000 19 0.583 0.562 1.000 5 0.570 0.511

Sri Lanka 1.000 14 0.750 0.488 1.000 5 1.000 0.801

Chile 1.000 13 0.930 0.691 0.744 65 0.744 0.597
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2001–10 2011–20

Country Order-m Ranking FDH DEA Order-m Ranking FDH DEA

China 0.774 82 0.700 0.469

Colombia 0.727 89 0.687 0.449 0.681 70 0.590 0.461

Congo 0.441 116 0.359 0.290 0.496 99 0.441 0.341

Congo, DR 1.000 15 0.813 0.590 0.730 67 0.726 0.496

Costa Rica 0.811 76 0.734 0.538 1.000 5 0.569 0.435

Croatia 0.610 100 0.609 0.478 0.593 79 0.490 0.449

Cuba 1.000 19 0.287 0.184 1.000 5 0.266 0.207

Cyprus 1.000 19 0.680 0.622 1.000 5 0.585 0.574
Czech 
Republic 0.798 77 0.512 0.405 0.498 98 0.498 0.393

Denmark 1.000 19 0.621 0.465 1.000 5 0.469 0.396
Dominican 
Republic

1.001 8 1.000 0.619 0.826 54 0.821 0.569

Ecuador 0.961 57 0.897 0.547 1.000 5 0.695 0.486

El Salvador 0.744 88 0.694 0.427 0.612 74 0.532 0.392

Estonia 0.938 59 0.581 0.475 1.000 5 0.505 0.451

Finland 1.000 19 0.540 0.473 1.000 5 0.415 0.362

France 1.000 19 0.506 0.464 1.000 5 0.597 0.482

Gabon 0.602 103 0.355 0.318

Gambia 1.012 2 0.900 0.564

Germany 1.000 19 0.616 0.607 1.000 5 0.720 0.583

Ghana 0.964 55 0.518 0.469 0.896 52 0.825 0.505

Greece 0.931 61 0.574 0.486 1.000 5 0.585 0.489

Guatemala 1.000 19 0.887 0.551 1.000 5 0.791 0.536

Guinea 1.001 11 0.650 0.548 0.470 102 0.268 0.211

Guyana 0.505 114 0.503 0.321 0.597 78 0.596 0.428

Honduras 0.670 93 0.515 0.336 0.577 83 0.577 0.353

Hungary 0.780 81 0.483 0.396 0.491 100 0.491 0.433

Iceland 1.000 19 0.654 0.493 1.000 5 0.592 0.473

India 1.000 19 0.770 0.517 1.000 5 0.794 0.540

Indonesia 1.013 1 1.000 0.679 1.000 3 0.922 0.677

Table 5.3 (Continued)

(Continued)
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2001–10 2011–20

Country Order-m Ranking FDH DEA Order-m Ranking FDH DEA

Iran 0.933 60 0.930 0.654 1.000 2 0.881 0.759

Iraq 0.458 115 0.280 0.238

Ireland 1.000 19 0.684 0.616 1.000 5 0.828 0.727

Israel 0.701 91 0.480 0.409 1.000 5 0.525 0.447

Italy 0.973 53 0.600 0.469 0.509 95 0.509 0.453

Jamaica 0.716 90 0.678 0.436 0.691 68 0.591 0.428

Kazakhstan 1.001 9 0.932 0.628 1.000 5 0.939 0.735

Jordan 0.515 113 0.487 0.308 0.631 73 0.539 0.354

Kenya 0.532 108 0.321 0.285

Korea, South 1.000 19 0.892 0.757 1.000 5 0.774 0.709

Kuwait 1.000 19 0.572 0.417 0.579 81 0.488 0.352

Latvia 0.885 69 0.548 0.422 0.803 58 0.549 0.437

Libya 1.003 5 0.770 0.503

Lithuania 0.871 70 0.540 0.402 0.577 82 0.577 0.450

Luxembourg 1.000 19 0.709 0.660 1.000 5 0.845 0.654

Madagascar 0.762 84 0.322 0.275 1.000 5 0.373 0.294

Malawi 0.792 78 0.423 0.369 0.604 76 0.396 0.329

Malaysia 1.000 19 0.865 0.577 0.907 51 0.765 0.560

Mali 0.394 118 0.348 0.267 0.531 91 0.342 0.255

Malta 1.000 19 0.607 0.534 1.000 5 0.667 0.599

Mexico 1.000 18 0.981 0.636 0.824 55 0.824 0.577

Mongolia 0.833 73 0.717 0.435

Moldova 0.620 98 0.561 0.382 0.649 72 0.649 0.511

Morocco 0.594 104 0.520 0.320 0.514 94 0.442 0.313

Mozambique 0.530 109 0.303 0.230 0.414 105 0.239 0.183

Oman 0.577 105 0.497 0.331 1.000 5 0.398 0.280

Netherlands 1.000 19 0.500 0.462 1.000 5 0.474 0.428

New Zealand 1.000 19 0.642 0.578 1.000 5 0.636 0.558

Nicaragua 0.919 62 0.707 0.465

Niger 0.609 101 0.290 0.205 1.000 5 0.345 0.248

Table 5.3 (Continued)
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2001–10 2011–20

Country Order-m Ranking FDH DEA Order-m Ranking FDH DEA

Nigeria 1.001 10 0.934 0.737 0.873 53 0.868 0.659

Norway 1.000 19 0.574 0.515 1.000 5 0.433 0.393

Pakistan 1.000 19 0.573 0.515 1.000 5 0.510 0.437

Panama 0.791 79 0.738 0.455 1.000 5 0.778 0.595

Paraguay 1.008 4 1.000 0.614 0.769 63 0.768 0.474

Peru 1.000 16 0.905 0.562 0.946 47 0.693 0.532

Philippines 1.000 17 1.000 0.610 1.000 5 0.769 0.534

Poland 0.916 63 0.567 0.433 0.548 87 0.548 0.443

Portugal 1.000 19 0.577 0.468 1.000 5 0.662 0.570

Guinea-Bissau 0.422 117 0.419 0.343

Qatar 1.000 19 0.727 0.532

Romania 0.745 87 0.674 0.445 0.652 71 0.652 0.478

Russia 0.654 94 0.592 0.411 0.544 88 0.544 0.415

Saudi Arabia 0.518 112 0.469 0.312 0.758 64 0.408 0.313

Senegal 0.646 95 0.393 0.326 0.608 75 0.395 0.329

Serbia 0.552 107 0.498 0.369 0.569 86 0.567 0.461

Sierra Leone 0.830 74 0.475 0.361 0.577 84 0.572 0.430

Slovakia 0.609 102 0.549 0.395 0.532 90 0.529 0.389

Slovenia 1.000 19 0.617 0.511 1.000 5 0.512 0.493

South Africa 0.561 106 0.529 0.309 0.476 101 0.413 0.289

Zimbabwe 0.762 83 0.410 0.351 0.426 104 0.279 0.235

Spain 1.000 19 0.648 0.546 1.000 5 0.613 0.513

Suriname 0.700 92 0.834 0.524

Sweden 0.897 65 0.465 0.464 1.000 5 0.460 0.401

Switzerland 1.000 19 1.000 1.000 1.000 5 1.000 0.919

Syria 1.000 19 0.770 0.481

Thailand 0.871 71 0.717 0.432 1.000 5 0.518 0.384

Togo 1.000 19 0.413 0.346 0.936 48 0.327 0.265

Tunisia 1.000 19 0.599 0.390 0.514 93 0.441 0.333

Table 5.3 (Continued)

(Continued)
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2001–10 2011–20

Country Order-m Ranking FDH DEA Order-m Ranking FDH DEA

Turkey 0.633 97 0.786 0.565 0.685 69 0.681 0.483

Uganda 0.789 80 0.397 0.343

Ukraine 0.828 75 0.590 0.415 0.515 92 0.514 0.377

Egypt 0.953 58 0.843 0.526 0.799 59 0.781 0.537
United 
Kingdom 0.905 64 0.590 0.552 1.000 5 0.722 0.565

Tanzania 1.000 19 0.470 0.424 1.000 5 0.582 0.473

United States 0.979 52 0.752 0.696 0.804 57 0.804 0.668

Burkina Faso 0.752 86 0.350 0.277 0.570 85 0.372 0.288

Uruguay 0.612 99 0.883 0.655 1.000 3 0.703 0.619

Venezuela 1.001 7 0.809 0.483 0.776 61 0.674 0.532

Source: Authors.

(1,1.01258]
(.932102,1]
(.735308,.932102]
[.344773,.735308]
No data

Source: Authors.

Figure 5.1 Public sector efficiency 2001–10. Order-m efficiency scores

Table 5.3 (Continued)
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(1,1.00046]
(.901336,1]
(.59528,.901336]
[.413858,.59528]
No data

Figure 5.2 Public sector efficiency 2011–20. Order-m efficiency scores

An inspection of the data reveals some first insights. First of all, there is a positive associa-
tion between the level of development and PSE. More developed countries, at least in Europe 
and North America, have higher scores. However, higher variation exists in low-income 
countries, especially in Africa, South America and Asia, where low public sector efficiency 

Table 5.4 Correlation of PSE scores

Correlation of Scores 2001–10

 Order-m FDH DEA

Order-m 1

FDH 0.574 1

DEA 0.715 0.869 1

Correlation of Scores 2011–20

 Order-m FDH DEA

Order-m 1

FDH 0.383 1

DEA 0.503 0.936 1

Source: Authors.
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countries co-exist with countries with a more efficient public sector. Another thing worth 
noting is the small variation in the efficiency scores within countries over time. This suggests 
that, even though there are changes in the public sector’s production technology, they are 
somehow common changes between countries.

Comparing the order-m scores of the present study with the FDH and DEA scores shows a 
high degree of correlation. Table 5.4 computes the rank correlation among the three alternative 
measures to verify this. The table reveals that there is a high-rank correlation among the three 
methods. The only exception is the correlation between the DEA and order-m score for the 
2011–20 period. This exercise suggests that all three scores give more or less similar country 
rankings. Given the advantages of the order-m scores, we place higher faith on these rankings.

In the next section, we try to examine more the factors that influence efficiency after review-
ing the results of the relevant literature.

3.  DETERMINANTS OF PSE

Many studies examine the effect of various determinants on PSE. In section 3.2, we will use 
the conditional order-m efficiency score (Daraio and Simar 2007; De Witte and Kortelainen 
2013) to examine the effect of exogenous factors. However, first, we will briefly discuss 
the economic, institutional, geographical and political factors found to influence PSE in the 
existing literature. Table 5.5 presents the major determinants of PSE, as already examined in 
the literature.

3.1 Previous Studies

The variable that has been extensively examined as a determinant of PSE is fiscal decentraliza-
tion. Theoretically, it appears that there might be two conflicting effects. On the one hand, 
fiscal decentralization is associated with (i) increased electoral control and (ii) yardstick com-
petition.7 Thus, politician accountability, and incentives for efficiency, are higher. In contrast, 
fiscal decentralization negatively affects public good provision technology: in the presence of 
economies of scale, higher decentralization leads to a higher average cost of production for 
the public good (Stein 1999). Additionally, national government bureaucracies are more likely 
to offer talented people better careers and promotion opportunities than local governments, 
attracting higher-quality individuals (Prud’homme 1995). Finally, other scholars emphasize 
the potential danger that local politicians and bureaucrats are likely to face, particularly an 
increase in pressure from local interest groups, with these groups being more influential when 
the size of the jurisdiction is small (Prud’homme 1995; Bardhan and Mookherjee 2000).

Consequently, when it comes to empirical evidence, the results regarding fiscal decentrali-
zation are mixed. For example, Adam et al. (2011b) find a positive effect of fiscal decentraliza-
tion on PSE. Similarly, Christl et al. (2020), by taking into account endogeneity, find a robust 
positive impact of decentralization on input-oriented efficiency. However, in contrast to 
these findings, Adam et al. (2014) show that both opposing forces might co-exist, leading to 
a non-linear (inverse U-shaped) relationship between PSE and fiscal decentralization. More 
specifically, their finding is that in relatively centralized systems, an increase in the degree 
of fiscal decentralization can increase cost due to diseconomies of scale in the provision of 
public goods, which will be lower than the gains of the electoral accountability, leading to an 
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increase in PSE. In a relatively high decentralization context, however, a further increase in 
the degree of centralization leads to diseconomies of scale which will prevail over the positive 
effects of electoral accountability, thus reducing PSE. Similarly, there is large number of 
studies that examine the relationship at the local level, providing mixed results. For example, 
Barankay and Lockwood (2007) and Balaguer-Coll et al. (2007) find a positive effect of fiscal 
decentralization on PSE for Switzerland and Spain, respectively. Still, other studies find a 
negative association between fiscal decentralization and efficiency (Prud’homme 1995; Stein 
1999; Martínez et al. 2018).

Variables related to international trade may also affect PSE. For instance, Hauner and Kyobe 
(2010) find a negative association between trade openness and educational efficiency, arguing 
that increased openness will lead to increased exposure to other countries, which will result 
in technology and skills transfers that increase PSE. Also, Christl et al. (2020) find a positive 
association between globalization and efficiency, implying spillover effects in adopting good 
policies.

Population density is an additional technological factor that significantly and positively 
affects PSE. Higher population density can improve PSE by lowering the cost-of-service 
provision through economies of scale and lower transportation and heating costs (De Borger 
and Kerstens 1996a; Afonso and Fernandes 2008; Geys et al. 2010; Hauner and Kyobe 2010; 
Kalb 2010; Adam et al. 2014). However, in the case of local governments, some studies find 
a negative association between population density and PSE (for example, Athanassopoulos 
and Triantis 1998; Kalb et al. 2012; Geys et al. 2013). They argue that in highly concentrated 
areas, the cost of providing public services is higher due to agglomeration and high complexity, 
resulting in lower efficiency.

Other population-related characteristics might work similarly to population density. For 
example, studies examine the age distribution or total population (see Hauner and Kyobe 
2010; Christl et al. 2020). The argument regarding age distribution is that a younger popula-
tion is associated with a higher production cost of education, whereas the older population 
with a higher cost of the healthcare system. However, when it comes to the total population, 
the results are mixed since the effects of the economies of scale (for example, De Borger 
et al. 1994; Bruns and Himmler 2011; Asatryan and De Witte 2015) and scale inefficiencies 
(Šťastná and Gregor 2015; Geys and Moesen 2008; Ashworth et al. 2014) work in opposite 
directions.

A simple inspection of Figure 5.1 and Figure 5.2 suggests that income and economic 
development might determine PSE. However, the results when it comes to formal evidence are 
somehow mixed. Studies that find a positive effect of income on PSE (Afonso and Fernandes 
2008; Afonso et al. 2010; Adam et al. 2011b, 2014; Asatryan and De Witte 2015) highlight 
the role of high-income elasticity of demand for public sector efficiency. Then again, some 
studies show that higher income reduces efficiency by increasing the relative cost of public 
services (Hauner and Kyobe 2010) or, in the case of local governments, by reducing incentives 
to monitor expenditure when higher incomes create higher local tax revenues (for example, De 
Borger et al. 1994; De Borger and Kerstens 1996a, 1996b; Bruns and Himmler 2011).

Several other studies point toward the role of the size of the public sector. Even though it is 
a variable that affects the frontier, it is also considered a factor affecting public sector slack. 
Hauner and Kyobe (2010) find that public spending reduces public sector efficiency since 
individuals get declining marginal improvements in performance when spending increases. 
This result is consistent with several other studies that find a negative correlation between 
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efficiency scores and public spending (Gupta and Verhoeven 2001; Afonso et al. 2005; Herrera 
and Pang 2005).

When it comes to institutional factors that affect efficiency, the results are limited by the 
availability of PSE estimates for countries with a low institutional quality. Adam et al. (2011a) 
show theoretically and empirically that democratic governments tend to be more efficient. 
They argue that elected officials in democracies are more accountable relative to those in 
autocracies. Thus, politicians who wish to remain in office should be efficient in producing 
public goods. Their main finding is that democratic institutions can restrain inefficiencies due 
to the electoral control mechanism. Asatryan and De Witte (2015) examine whether direct 
democracy is a determinant of PSE in a sample of German municipalities. Their findings 
suggest that direct democracy is positively associated with PSE, inducing political competi-
tion, thus alleviating principal-agent problems. Also, with voters’ direct participation, local 
institutions of governance become more inclusive, resulting in better economic outcomes. 
These results are consistent with Adam et al. (2016b) in finding that democratic participation 
has a positive effect on efficiency (see also Adam et al. 2011a). Similarly, Borge et al. (2008) 
find a positive impact of democratic participation on PSE for Norway.

Ideology is also found to affect efficiency. Adam et al. (2011b) find that right-wing govern-
ments tend to be more efficient. Since left-wing governments support a larger public sector 
associated with increased production costs, they tend to be more inefficient. Also, Christl 
et al. (2020) find a negative association between the share of the left and socialist parties 
in the parliament and efficiency. Similar findings are derived in the literature of local PSE 
(Borge et al. 2008; Geys et al. 2010; Kalb et al. 2012; Šťastná and Gregor 2015; Helland and 
Sørensen 2015). However, some find a negative association between ideology and efficiency. 
For instance, De Borger and Kerstens (1996a, 1996b) find that the presence of socialist parties 
is positively associated with efficiency.

The structure of the political system can also influence PSE. Adam et al. (2011b) argue 
that PSE is lower in countries with a majoritarian political system. As the electoral outcome 
is generally more sensitive to the incumbent’s performance in majoritarian-type elections, 
elected officials have strong incentives to perform well, stimulating public sector performance. 
Finally, the authors also find that a higher number of spending ministers lowers PSE. This 
result is consistent with the idea that diseconomies of scale may be present within the govern-
ment, leading to diminished government output (see Mierau et al. 2007).

Likewise, some studies examine the effect of political concentration as a proxy for political 
strength. The results, however, are again mixed: when there is high political concentration, 
the imposition of fiscal constraints is easier, resulting in higher efficiency (for example, Borge 
et al. 2008; Bruns and Himmler 2011; Afonso and Aubyn 2013; Šťastná and Gregor 2015). 
Conversely, expenditure monitoring by the opposition is limited, resulting in lower efficiency 
(for example, Balaguer-Coll et al. 2007; Geys et al. 2010; Kalb 2010; Helland and Sørensen 
2015). Similarly, Adam et al. (2011a) also find that coalition governments are negatively 
correlated with efficiency. The rationale behind this result is that the likelihood of a favorable 
to efficiency policy change decreases as the number of ‘veto-players’ increases. As coalition 
governments are characterized by a larger number of veto players than one-party majority 
governments, they have a stronger ‘status quo bias’ for established policies, even when they are 
inefficient. The same result is obtained in De Borger et al. (1994), which examines the case of 
Belgian municipalities. The durability of the government as a proxy of volatility is also found 
to affect efficiency (Hauner and Kyobe 2010) positively.
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3.2 Some Evidence

In this section, we use the efficiency scores as computed in section 2.2 to examine the validity 
of previous findings in the literature regarding the effect of external factors on PSE in a unified 
framework. Typically, the literature has employed OLS regression and censored variables 
analysis for this task. However, Simar and Wilson (2007, 2011) criticize this approach. First, 
the standard OLS misses that PSE scores are bounded in the [0,1] range. Moreover, even 
in the censored variables framework, the standard regression analysis does not consider the 
correlation of the PSE scores; all efficiency scores are computed from the same sample, that 
is, the relative efficiency score for each country depends on the efficiency score of the rest. 
Finally, the standard DEA or FDH scores are computed with the efficient score (that is, 1 in 
the case of input-oriented efficiency scores) being the target value. For these reasons, Simar 
and Wilson (2007) propose a double bootstrap technique to determine the effect of exogenous 
factors on efficiency scores.

However, even this bootstrap technique has several disadvantages. First, it only examines 
deviations from the frontier. Yet, external factors might be equally responsible for the formation 
and the shift of the frontier. For example, the discussion in the previous section has suggested 
that factors that shape the frontier also affect the distance to the frontier (for example, size of 
government). Moreover, the second stage regression relies on some parametric assumptions 
(for example, linear model and truncated normal error term).

To overcome these limitations, we follow Daraio and Simar (2007) and calculate the con-
ditional order-m scores, that is, input efficiency scores as in section 2.2 but conditional on the 
exogenous factors.8 We, then, take the share of the conditional efficiency scores on the uncon-
ditional efficiency scores and estimate a smooth non-parametric kernel regression line on the 
external factor as in De Witte and Kortelainen (2013). For the case of the multivariate analysis, 
we use partial regression plots to visualize the effect and a non-parametric bootstrap procedure 
to obtain standard errors and p-values for the influence of each external factor on the ratio of 
efficiency (Li and Racine 2007; De Witte and Kortelainen 2013; Asatryan and De Witte 2015). 
The visualization of the partial plots determines the average effect we are interested in here.

Based on the discussion in the previous subsection, we examine the effect of various vari-
ables, as also examined in the existing literature, on PSE. The following table presents these 
variables, their sources, the paper where they were introduced, and their expected effect on 
PSE. As most studies were about OECD countries, some variables were not available in our 
sample, or the data source is different. In Table 5.6, we present the results of our analysis. In 
Figure 5.3, we present the partial regression plots, as in the third column, that is, the model 
with only the statistically significant variables.9

As we have input-oriented efficiency scores, an unfavorable external variable acts as an 
extra input in the production process requiring more inputs to produce an additional unit of 
output. In this case, the conditional PSE score will be higher than the unconditional PSE for 
larger external variable values. In contrast, a favorable external variable acts as a substitutive 
input, requiring fewer inputs to produce an extra unit of output, resulting in a lower conditional 
PSE score. Hence, a positively sloped regression line indicates a negative effect on PSE, 
whereas a negatively sloped line indicates a positive effect (Daraio and Simar 2007).

The table shows that most of the variables turn out as significant determinants of PSE. 
Moreover, their effect appears consistent across all specifications. Interestingly, in most 
cases, the indicated influence found here verifies the findings of the existing literature. The 
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only notable exception to this is Democracy, which appears to exert a significant unfavorable 
influence in all columns, in sharp contrast to Adam et al. (2011a). We should also note that 
Fiscal Decentralization, which has been extensively examined in the literature, has an inverted 
U-shaped relationship with PSE. This indicates an optimal degree of decentralization, as found 
in Adam et al. (2014).

Concerning the rest of the variables, as expected, richer countries tend to have higher PSE. 
Also, as expected, when we introduce the size of the government sector, we find that a larger 
public sector tends to be more inefficient. Similarly, higher population density for most of 
the values is associated with higher PSE, indicating that economies of scale are important. 
Interestingly, the partial regression also verifies that after a value of Population Density, 
diseconomies of scale start to kick in, inducing higher inefficiency. Regarding the total popula-
tion, the influence appears to be unfavorable, suggesting that larger countries exhibit higher 
public sector inefficiency. Of course, this is consistent with the idea that there are economies 
of scale in the production of the public good. Finally, Openness has a varying effect. Thus, we 
cannot determine the direction of its influence.

For the rest of the political variables, besides democracy, voter turnout is associated with 
higher PSE. On the other hand, ideology does not appear to have a robust effect, even though, 
in all cases, chief executives at the political center appear to be more efficient in providing 
public goods.

Finally, when it comes to regional dummies, the robust finding is that in the Americas, PSE 
is higher. At the same time, there appears that in the 2011–20 period, overall PSE has increased.

4.  CONCLUSIONS

In this chapter, we have reviewed the literature that examines the measurement and determi-
nants of overall PSE. As we have highlighted several disadvantages in the existing methods 
employed in the literature, we have used Partial Efficiency Analysis, and specifically order-m 
efficiency scores to construct measures of PSE, for a sample of 114 countries, over the 
2000–20 period. We have then used these scores to examine the effect of external factors on 
PSE. Overall, our findings show that poorer countries with a larger public sector tend to be 
more inefficient. Moreover, we have found that political institutions are crucial determinants 
of PSE. Finally, our results show that economies of scale in the production of the public good 
significantly affect relative efficiency scores.

NOTES

 1. Of course, parametric methods do not face such problems, but have the disadvantage that an underlying functional 
form must be imposed.

 2. Regarding local governments, the interested reader is referred to the recent and extensive reviews of Narbón-
Perpiñá and De Witte (2018a, 2018b).

  3.  Namely, the analysis (i) does not impose a specific functional form on the underlying relationship between exter-
nal variables and PSE and (ii) allows the researcher to evaluate the effect of both variables that determine the 
shape of the frontier as well as the distance from the frontier (Daraio and Simar 2005).

 4. This latter criticism does not apply to parametric approaches, which take into account the outliers by using a statis-
tical model, however they impose a specific functional form or distribution for the errors (for example stochastic 
frontier and so on).
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6.  On the persistence of public sector efficiency and the 
role of historical institutional quality
Konstantinos Angelopoulos and Pantelis Kammas

1. INTRODUCTION

The role and the size of the public sector have increased since the beginning of the twentieth 
century, and especially since the 1960s. Nowadays, the state intervenes in almost all areas of 
economic activity and also absorbs around 50 per cent of GDP in many advanced economies. 
It is thus natural that its performance and efficiency are considered to be of key importance 
to the functioning and prospects of the society. Given the scarcity of social resources, under-
standing the factors that shape public sector efficiency is important to improve socioeconomic 
outcomes. In a series of papers, Afonso et al. (2005, 2010, 2020), Afonso and St Aubyn (2005, 
2006) and Afonso and Kazemi (2016) have constructed measures of public sector performance 
and public sector efficiency for a number of countries for recent decades. These measures 
have highlighted differences in public sector performance and efficiency across countries, and 
indicate areas where policy interventions and reforms are more needed.

In this paper, we aim to investigate the long-run persistence of comparative public sector 
efficiency, across OECD countries, and the importance of institutional fundamentals in shap-
ing it. We focus on core institutional fundamentals, which have been widely acknowledged to 
impact economic outcomes.1 Core institutional fundamentals may influence the performance 
of the public sector. They can also lead to rent-seeking activities that imply misallocation of 
public funds, leading to spending slack and misallocation of public sector employee effort. 
Because the effect of institutional fundamentals on economic outcomes such as public sector 
efficiency can be persistent, we investigate public sector efficiency in conjunction with such 
features over a long time period.

Our first objective is to provide a first attempt to examine the evolution of public sector effi-
ciency across countries over a long time period. Existing research on public sector efficiency 
has focused mainly on more recent decades, given data availability and the natural motivation 
to aid policy making in modern economies. To complement this body of work, we begin our 
analysis by constructing a consistent proxy of the efficiency of the public sector, for what is 
now known as a group of developed OECD countries, since the 1900. We use public spending 
data from Mauro et al. (2015) on primary government expenditure.2 Naturally, measuring the 
performance of the public sector across 21 countries, over a century, using consistent measures, 
requires that outputs that are affected by the public sector are approximated by key variables 
that are well measured over time and countries, and that have been relevant as objectives for 
the public sector since 1900. We thus focus on measures of education and health outcomes.3

Our first finding is that, although for many countries public sector efficiency, understood 
as the ability to transform inputs into outputs relative to the frontier, has improved, compara-
tive public sector efficiency shows persistence. In particular, countries with a relatively (in)
efficient public sector back in the 1900s, at the beginning of the significant rises in government 
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spending in modern nation states, tend to also have a relatively (in)efficient public sector in 
more recent decades. This confirms the view that the shaping of good public sector efficiency 
takes a long time to develop and that initial conditions or events from even the distant past can 
have long-lasting effects.

Our next objective is to examine the role of institutional quality in generating persistence of 
public sector efficiency. We present a stylised model to study the channels via which the his-
torical experience of institutional quality in a country can affect future public sector efficiency. 
In particular, we focus on two channels regarding the effect of pre-determined institutions: on 
public sector output (performance), and on rent-seeking activities, which imply misallocation 
of public funds and of government officials’ effort from producing the public sector output. 
We examine the relationship between past and present institutional quality and public sector 
efficiency in an environment where institutional quality shapes the behaviour of government 
officials, and in turn the efficiency of the public sector, whilst being determined by the very 
behaviour it has influenced over time.

We investigate the empirical relationship between proxies of institutional quality, using data 
from Coppedge et al. (2019), and the measures of public sector efficiency we have constructed. 
We find that there is a positive relationship between early institutional quality, at the turn of 
the twentieth century, and public sector efficiency in the second half of the twentieth century 
in education. Public sector efficiency in health in the second half of the twentieth century has 
a weaker relationship with institutional quality in the period around 1900. We study further 
the link between institutional quality and public sector efficiency by focusing on the channel 
of public sector performance. We find, for both education and health, a strong relationship 
between public sector performance in the second half of the twentieth century and institutional 
quality at the beginning of the century. Taken together, our findings suggest that the depend-
ence of public sector performance on past institutions is an important factor in understanding 
the persistence of public sector efficiency.

2.  PUBLIC SECTOR EFFICIENCY OVER THE TWENTIETH CENTURY

We construct alternative sub-indices of relative Public Sector Efficiency (PSE) by comparing 
public expenditure to output in two areas that have formed objectives for government involve-
ment over the twentieth century for a set of 21 OECD countries. In particular, we construct 
PSE measures over the five decades between the 1950s and the 2000s, and also for the decade 
of the 1900s. More precisely, we seek to develop PSE scores when public sector output is 
approximated by measures of Education and Health, by using variables that are the same in 
spirit to those employed by Afonso et al. (2005) and by employing a simple input-oriented, 
decreasing returns to scale Data Envelopment Analysis (DEA) methodology.

The long time dimension of our analysis (that extends back to the early twentieth century) 
constrains data availability concerning government spending in specific policy areas. To create 
a comparable dataset across time and countries, we proceed by employing as Public Sector 
Expenditure (PEX) the primary expenditure data from the historical fiscal database developed 
by Mauro et al. (2015). The database developed by Mauro et al. (2015) draws on historical 
records for 55 countries over the past two centuries and to the best of our knowledge is one 
the most reliable and comprehensive databases available on fiscal flows and stocks. Primary 
expenditure (as a per cent of GDP)4 is not an ideal variable to investigate public sector 
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efficiency in specific areas, given that it is general spending. However, it has the important 
advantage that it has been constructed based on a common classification and therefore is 
suitable for comparisons between countries which is a necessary condition for our analysis.5

To estimate PSE, we require measures of Public Sector Performance (PSP) that relate to 
outputs of public spending. We follow the logic in the relevant literature (see for example 
Afonso et al. 2005) and adjust this to data availability in historical periods. In particular, we 
first consider education as a target for government involvement, and as a measure we employ 
the average years of total schooling in total population, developed by Lee and Lee (2016) 
(defined as the average years of schooling among the adult population as a whole and at all 
the levels of education). We then consider health as a target for government involvement, and 
to measure health outcomes we employ the inverse of the infant mortality rate (per 1000 live 
births). Data for infant mortality (per 1000 live births) are obtained from the database of the 
World Health Organization for the 1950s and onwards and from Mitchell (2013) for the decade 
of 1900s. Details of data and measures we use are in Table 6.1.

We focus on productive efficiency, which reflects the ability of a public sector to maximise 
output for a given set of inputs. Countries that succeed are on the frontier, while those that do 
not optimise the use of their inputs are inefficient to a variable extent. This type of inefficiency 
can be measured in terms of the distance of a given country from the best-practice equivalent 
(which forms the frontier) and the resulting score is a scalar measure ranging between zero (the 
lowest efficiency score) and one (the best-practice public sector). We employ simple input-
oriented, decreasing returns to scale DEA to obtain evaluations of PSE.6 Therefore, each score 
obtained reflects the distance between the respective data point (country) and the best practice 

Table 6.1 PSE inputs (PEX) and outputs (PSP)

Public Sector Efficiency (PSE) in the policy area of Education

Inputs (PEX) and 
Outputs (PSP) Description Sources
Public Expenditure 
(PEX)

Primary government expenditure. Total 
government expenditure minus interest 
paid on public debt (per cent of GDP).

Mauro et al. (2015)

Public Sector 
Performance (PSP)

Average years of total schooling in total 
population.

Lee and Lee (2016) 

Public Sector Efficiency (PSE) in the policy area of Health

Inputs (PEX) and 
Outputs (PSP)

Description Sources

Public Expenditure 
(PEX)

Primary government expenditure. Total 
government expenditure minus interest 
paid on public debt (per cent of GDP).

Mauro et al. (2015)

Public Sector 
Performance (PSP)

Inverse of infant mortality (per 1000 
births) (that is, 1000-Infant mortality 
(per 1000 births)).

Own calculations based on 
World Health Organization 
(2020) World Health Data 
Platform and Mitchell (2013)
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country that shapes the frontier. The estimation methodology described above is applied on a 
set of 21 OECD countries over five decades, from the 1950s to 2000s but also for the decade 
of the 1900s.7 These countries are Australia, Austria, Belgium, Canada, Denmark, Finland, 
France, Germany, Greece, Ireland, Italy, Japan, New Zealand, Norway, the Netherlands, 
Portugal, Spain, Sweden, Switzerland, the United Kingdom and the United States.

In Tables 6.2 and 6.3 we present the PSE scores obtained working as described above. 
PSE indices using Education or Health as proxies of government performance improve over 
time for many countries. This means that given amounts of government spending achieve 
better Public Sector Outputs (Performance) (that is higher levels of schooling, lower levels 
of infant mortality) relative to the efficiency frontier. However, in terms of relative positions 
with respect to PSE, there is persistence, which extends back to the 1900s, at the beginning 
of the significant rises in government spending in modern nation states. Therefore, countries 

Table 6.2 Public sector efficiency (PSE) in the policy area of Education

Countries
PSE 
1900

PSE 
1950

PSE 
1960

PSE 
1970

PSE 
1980

PSE 
1990

PSE 
2000

Australia 0.46 0.55 0.36 0.88 0.96 0.91 0.84

Austria 0.08 0.17 0.14 0.38 0.41 0.45 0.49

Belgium 0.09 0.27 0.30 0.42 0.50 0.63 0.59

Canada 0.24 0.46 0.28 0.65 0.70 0.73 0.82

Denmark 0.17 0.26 0.26 0.41 0.49 0.55 0.55

Finland 0.04 0.15 0.18 0.46 0.48 0.43 0.52

France 0.08 0.16 0.19 0.49 0.37 0.47 0.51

Germany 0.07 0.20 0.24 0.36 0.44 0.55 0.63

Greece 0.03 0.18 0.29 0.59 0.66 0.71 0.61

Ireland 0.22 0.19 0.46 0.59 0.80 0.80

Italy 0.05 0.22 0.23 0.38 0.47 0.54 0.57

Japan 0.34 0.31 0.35 0.76 0.92 0.98 0.87

The Netherlands 0.12 0.23 0.25 0.45 0.50 0.61 0.62

New Zealand 0.12 1.00 1.00 1.00 0.92 0.97 1.00

Norway 0.22 0.36 0.23 0.47 0.57 0.60 0.68

Portugal 0.04 0.17 0.16 0.30 0.49 0.52 0.48

Spain 0.13 0.36 0.34 1.00 0.79 0.63 0.66

Sweden 0.18 0.27 0.28 0.66 0.75 0.57 0.55

Switzerland 0.46 1.00 1.00 0.89 1.00 0.85 0.77

United Kingdom 0.11 0.18 0.19 0.45 0.54 0.64 0.63

United States 1.00 0.46 0.69 0.86 1.00 1.00 1.00
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that find themselves in a relatively worse position at the turn of the twentieth century, tend to 
have lower PSE scores even in the more recent decades and vice versa. Specifically, as can be 
seen in Figures 6.1–6.4, there is a positive association between the PSE score that a country 
achieves during the 1900s and the corresponding PSE score of the same country during the 
1950–2010 period or the 1980–2010 period. Countries that were relatively efficient during the 
early twentieth century (like for example United States, Switzerland and Australia in the case 
of Education or United States, Japan and Canada in the case of Health) remained in a rela-
tively efficient position also during the more recent decades. In contrast, countries that were 
relatively inefficient during the early twentieth century (like for example Greece, Portugal and 
Spain) appear to share relatively lower contemporaneous PSE scores. This finding suggests 
that initial conditions or events from even the distant past can have long-lasting effects on the 
efficiency of the public sector.

Table 6.3 Public sector efficiency (PSE) in the policy area of Health

Countries
PSE 
1900

PSE 
1950

PSE 
1960

PSE 
1970

PSE 
1980

PSE 
1990

PSE 
2000

Australia 1.00 0.37 0.69 0.77 0.89 0.91

Austria 0.51 0.26 0.21 0.28 0.48 0.58 0.65

Belgium 0.44 0.34 0.37 0.37 0.50 0.69 0.69

Canada 0.51 0.30 0.55 0.66 0.75 0.84

Denmark 0.92 0.53 0.55 0.60 0.53 0.57 0.61

Finland 0.33 0.58 0.84 0.64 0.54 0.69

France 0.46 0.33 0.39 0.89 0.52 0.59 0.63

Germany 0.22 0.69 0.30 0.32 0.54 0.66 0.73

Greece 0.64 0.31 0.36 0.46 0.76 0.84 0.75

Ireland 0.29 0.24 0.39 0.55 0.84 0.88

Italy 0.41 0.42 0.40 0.35 0.59 0.70 0.74

Japan 0.38 0.42 1.00 1.00 1.00 1.00

The Netherlands 0.47 0.79 0.95 0.55 0.50 0.63 0.70

New Zealand 0.42 0.37 0.67 0.69 0.93 1.00

Norway 1.00 0.86 0.58 0.60 0.58 0.61 0.77

Portugal 0.68 0.56 0.45 0.78 0.82 0.76

Spain 0.71 0.82 0.70 1.00 1.00 0.87 0.84

Sweden 1.00 1.00 1.00 1.00 0.75 0.57 0.64

Switzerland 1.00 1.00 1.00 0.88 0.92 0.91 0.93

United Kingdom 0.53 0.25 0.25 0.43 0.57 0.76 0.72

United States 0.46 0.28 0.52 0.71 0.88 0.85
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Figure 6.1 PSE Education 1950−2010 and PSE Education 1900 
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Figure 6.2 PSE Education 1980−2010 and PSE Education 1900 
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Figure 6.3 PSE Education 1950−2000 and PSE Education 1900
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Figure 6.4 PSE Education 1980−2000 and PSE Education 1900

3.  A SIMPLE MODEL OF PUBLIC SECTOR EFFICIENCY  
AND INSTITUTIONS

We use a simple model to illustrate the link between public sector efficiency and core insti-
tutional fundamentals. In this model, the historical experience of institutional quality affects 
public sector efficiency, in an environment where institutional quality shapes public sector 
employee behaviour and in turn the efficiency of the public sector, whilst being determined by 
the behaviour it has influenced over time. To derive analytical results, we choose simplified 
functional forms and work in partial equilibrium, given factor prices and government revenue.

3.1 Public Sector Performance, Efficiency and Institutions

Assume that the public good is produced by bureaucrats, i = 1, 2, . . ., N, public sector 
employees who work in the public sector, and who we assume are identical. The public sector 
produces the public good yt, in period t = 1, . . ., T, by using the effort of bureaucrats according 
to a linear production function:

 .=y A Lt t t  (6.1)

The bureaucrats’ contribution is given by Σ == =1L l Nlt i
N

t
i

t, where lt
i  is the effort of bureaucrat i. 

The term At determines productivity and is affected by the country’s experience of institutional 
quality, I0, .., It ∈ [0, 1], where I0 represents an initial condition. In particular, we assume that:

 ( ) ∈ [ ,= , .., , ] > 00A a I I A A At t t  (6.2)

where at (I0, .., It) is an increasing function and embodies the influence, over time, of institu-
tional factors such as the protection of property rights, quality of rule of law, monitoring of 
government officials and public management. These factors define the structural framework 
within which the bureaucrats, as public sector employees, work, thus determining their 
productivity. Note that the function at (I0, .., It) can change over time, thus allowing the influ-
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ence of historical experience to also change over time. For example, we can think of at as a 
weighted average of the elements in (I0, .., It), with the weights being time dependent to reflect 
differences in importance of past versus contemporary experience over time, or to allow for 
specific years, or events, to carry disproportionate weight in defining the institutional history. 
The persistence of the effect of institutional quality on At implies, in turn, persistence in At 
itself over time, and thus persistence in public sector performance.

The cost of producing the public good is given by wtLt, where wt > 0 reflects the public sector 
wage policy, and is covered by the general government budget, which is given by:

 ( )+ − + ,1 =w L I R R Kt t t t t t  (6.3)

where Rt ≥ 0 denotes government revenue whose allocation is affected by institutional quality, 
and Kt > 0 is government revenue that is not subjected to potential misallocation. The left-hand 
side of (6.3) captures the elements of public expenditure. In this specification, the term (1 − It) 
Rt defines the slack in government spending that results from poor institutional quality and 
implies that a share of public spending does not contribute to the production of the public good, 
but is instead diverted in uses that do not promote public sector output. In other words, poor 
institutional quality leads to a misallocation of national resources. We take Rt as given, which 
implies that we do not study the negative effects of institutional quality on aggregate output,8 
and instead we focus on its effects on the allocation of public funds.

The quality of institutions is an endogenous quantity at the aggregate level, depending on 
the actions of the government officials. In particular, we assume that It is determined by:

 ( ) ,= ,I f l Ht t t t  (6.4)

where ft(lt, Ht) is increasing in both inputs and:

 ( ) ∈− [ ,= , .., 0, 1]0 1H h I It t t  (6.5)

is an increasing function capturing persistence in institutional quality. As with the productivity 
function at (I0, .., It), and for the same reasons, ht (I0, .., It−1) can change over time. For example, 
if ht (I0, .., It−1) is a weighted average of past institutional quality with the requirement that 
the weights sum to one, allowing the weights to change over time can capture differences 
in the importance of specific periods or can determine how quickly past influence fades. 
The specification in (6.4)−(6.5) then captures the idea that, conditional on the effect of past 
institutional quality, the more public sector employees work to perform their duties on average, 
the greater the improvement in institutional quality. The importance of current bureaucratic 
effort relative to past experience is also allowed to be time dependent: for example, if ft (lt, Ht) 
is a weighted average of its two inputs, with the requirement that the weights sum to one, the 
weights can be time dependent. The general specifications in (6.2) and (6.4)−(6.5) allow the 
model to encompass a variety of possible trajectories, in terms of persistence of institutions 
and public sector performance, for different countries.

We define public sector efficiency to be a function of two inputs, public sector output, AtLt 
and public sector expenditure, wtLt + (1 − It)Rt:

9

 ( )( )( ) ( )+ − ,= , 1PSE g A L w L I Rt t t t t t t  (6.6)
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where g(⋅,⋅) is increasing in the first and decreasing in the second input. As an example, we 
can consider the ratio of public sector output to expenditure, that is:

 ( )+ −
.=

1
PSE

A L
w L I Rt

t t

t t t t

 (6.7)

The importance of the quality of institutions is reflected in the term (1 − It)Rt, which captures 
the public fund misallocation effect, in the term At, which captures the importance of the his-
tory of institutions in shaping the structure of the public sector that determines its productivity 
and, finally, via the term Lt, which captures the effort of the bureaucrats and is, in turn, a 
function of institutional quality.10 We study this last channel in more detail next. Note that, 
as we have seen in Section 2, (6.6)−(6.7) imply that public sector efficiency may persist over 
time, in this formulation via the terms At and It, which are functions of past institutional quality.

3.2 Bureaucrats

Bureaucrats receive income from their public sector positions, but can also extract a share of 
public expenditure for their own benefit, via rent-seeking activities. Each agent i maximises utility:

 ( ) ,, ;u c u yi i

where ci and ui are respectively i’s consumption and leisure hours and y denotes the quantity 
of public good. The utility function, in each period t, is given by:

 µ ν( ) + +ln ln ln ,, ; =u c u y c u yt
i

t
i

t t
i

t
i

t  (6.8)

where μ, v > 0 are preference parameters. The time constraint of each i is:

 + + ,=1l s ut
i

t
i

t
i  (6.9)

where lt
i  and st

i  are respectively i’s effort hours allocated to work and rent-seeking activities. 
The budget constraint of agent i is:

 +








 − ,= (1 )c w l

s
S

I Rt
i

t t
i t

i

t
t t  (6.10)

where w > 0 determines the bureaucrat’s wage as a public sector employee.
The term (1 – I)R captures the part of government revenue diverted away from public 

good provision that defines a contestable prize for rent seekers.11 Our modelling captures the 
idea that a lower quality of institutions allows bureaucrats to appropriate a share of national 
resources under the government’s control. For example, the bureaucrats can divert national 
resources to activities that do not promote public good provision, but instead may relate to self-
interest, and/or can lead to an increase in their own resources. We assume that the public sector 
employees can appropriate a share ( )sStit  of the contestable prize. In particular, public sector 
employees compete with one another to extract a higher share of the pie, and this is captured 
by a typical Tullock (1967, 1980) type rent-seeking redistributive contest. In this specification, 
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≡ ΣS st i t
i is the sum of rent-seeking activities, so that ( )sStit  is a standard rent-seeking technology 

that gives the fraction of the contestable prize extracted by each i.12

Each agent i chooses ct
i , lt

i , st
i , to maximise (6.8) subject to (6.9) and (6.10), taking the sum 

of rent-seeking activities, St, and institutional quality, It, as given. As shown in Appendix A, 
the choice of lt is increasing in It.

3.3 Equilibrium

We focus on a partial equilibrium given sequences of functions { }, ,
=1

a h ft t t t

T
, time series for 

government revenue { } =1
Rt t

T
 and payments { } =1

wt t

T
 and an initial level of institutional quality 

I0. In a symmetric equilibrium, where all agents make the same choices, we drop the individual 
specific superscripts, so that, in each time period, ≡ Σ =L l Nlt i t

i
t , ≡ Σ =S s Nst i t

i
t and the 

optimality conditions for ct, lr and st, as determined by the bureaucrat’s problem, are given by:

 µ
− −

,
(1 )

=
l s

w
ct t

t

t

 (6.11)

 µ
− −

−
,

(1 )
=
(1 )

l s
I R
c St t

t t

t t

 (6.12)

 +








 − ,= (1 )c w l

s
S

I Rt t t
t

t
t t  (6.13)

where:

 ( ) .= ,I f l Ht t t t  (6.14)

This makes clear that, in each period t, in equilibrium, a bureaucrat’s effort lt and the quality of 
institutions, It, are jointly determined, in conjunction with ct and st. In turn, lt and It determine 
Kt via (6.3), whereas lt, It and at (I0, .., It) determine yt and PSEt, via (6.1) and (6.6) respectively. 
In Appendix A, we provide a formal definition of the equilibrium and show that under mild 
regularity conditions a unique equilibrium exists.

3.4 Predictions

In equilibrium, (6.6) shows channels for public sector efficiency PSEt to increase with prior 
good history of quality of institutions, which, in period t is pre-determined. Good institutional 
quality in the past can affect public sector efficiency in the present via two channels: public 
sector performance and the expenditure required to achieve public sector outputs. For both 
channels, the effort of the public sector employees is a key ingredient. As can be seen in (6.6), 
an improved past institutional quality increases the productivity of public sector employees, 
via the term At, increasing public sector output and public sector performance indicators, 
which  should  also  increase  public  sector  efficiency. Moreover,  via  the  term  (1  −  It) Rt, it 
implies a smaller misallocation of public sector funds to less productive uses, which reduces 
wasteful public sector expenditure and also, other things equal, tends to increase public sector 
efficiency. Finally, it increases public sector employee effort, lt, which is increasing in It, in 
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turn increasing both public sector output and expenditure. If the improvement of public sector 
output outweighs the effect of the additional expenditure, then a better past institutional quality 
tends, other things equal, to increase public sector efficiency via this term as well.

The model analysis implies that exogenous changes that led to better institutional quality in 
the past should have a bearing on current public sector performance and efficiency, via different 
channels, which may have different strengths empirically. However, although these channels 
can lead to a positive effect from past institutional quality on future public sector performance 
and efficiency outcomes, the overall relationship between public sector efficiency and the 
quality of past institutions empirically also depends on a range of policies and other factors 
that may affect the time series of { } =1

Rt t

T
 and { } =1

wt t

T
, and the functional forms of { }, ,

=1
a h ft t t t

T
 

For example, political events or technological change that may reduce the dependence of 
contemporary institutions on past experience (that is, changes in { }, ,

=1
a h ft t t t

T
 over time such 

that a lower weight is attached to past values of institutions), or policies that affect public sector 
wages and expenditure (that is, changes in { } =1

Rt t

T
 and { } =1

wt t

T
), can amplify or dampen the 

effect of past institutions on contemporary public sector efficiency.

4.  THE ROLE OF EARLY INSTITUTIONAL QUALITY

The simple model we developed in the previous section places the spotlight on the role of institu-
tions as a factor that can have long-lasting effects on Public Sector Efficiency (PSE), and thus 
lead to persistency in PSE. In this section, we explore the relationship between past institutional 
quality and future PSE. More precisely, we focus on institutions that can affect public sector per-
formance via increased public sector output, and/or misallocation of public funds and of the effort 
of government officials via rent seeking. We investigate the potential effects of: (i) a rigorous 
and impartial public administration, also described as Weberian state bureaucracy by the relevant 
literature (see for example Coppedge et al. (2019); Cornell et al. (2020)) and (ii) the existence of 
well-defined property and contract rights and a well-established Rule of Law which ensures that 
the laws are transparently, independently and equally enforced, and that the government officials 
comply with the legal framework (see Coppedge et al. (2019), for more details on this).

The Weberian ideal type of bureaucracy entails hierarchical organisation with clearly 
delineated lines of authority and areas of responsibility, and decisions that are based on clearly 
codified rules and made in an impartial manner (Weber, 1978).13 A solid and impartial public 
administration, a Weberian state bureaucracy, is a characteristic that describes how the state 
administration is organised and is distinguished from other outcome-oriented concepts such 
as ‘state capacity’ or ‘quality of government’.14 According to the relevant literature (see for 
example Evans and Rauch, 1999; Cornell et al. 2020) a solid and impartial public adminis-
tration  is expected  to  increase competence among bureaucrats − which  in  turn reduces  the 
bureaucratic slack − and ensures enforcement of property and contract rights. Therefore, the 
existence of a solid and rigorous public administration is expected to affect PSE both through 
increasing public sector productivity, and by decreasing rent seeking activities − which imply 
misallocation of public funds and of government officials’ efforts from producing the public 
sector output. Similarly, the existence of well-established Rule of Law which ensures that 
the laws are transparently, independently and equally enforced among citizens and that the 
government officials comply with the legal framework is expected to affect PSE via increasing 
public sector productivity and decreasing rent-seeking activities.
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The scatterplots in Figures 6.5–6.8 show a positive association between alternative prox-
ies of the Quality of Institutions at the turn of the twentieth century (that is Rule of Law or 
Rigorous and Impartial Public Administration) and PSE in Education during the 1950–2010 
period or the 1980–2010 period. More precisely, Figures 6.5–6.6 present a positive relation-
ship between PSE scores and the Quality of Institutions in 1900 when the latter is proxied by 
Rigorous and Impartial Public Administration and Figures 6.7–6.8 show again a positive −  
although weaker − relationship between PSE scores and the Quality of Institutions in 1900 
when the latter is proxied by Rule of Law. The difference that we observe between these two 
alternative measures of institutional quality can potentially be attributed to the fact that at 
the turn of the twentieth century most of the countries in our sample had already achieved 
relatively satisfactory levels of Rule of Law (and therefore there is no sufficient cross-country 
variation) whereas in the case of Rigorous and Impartial Public Administration the cross-
country variation is larger and this reveals better the positive association.

A similar message is derived from Figures 6.9–6.12 that present scatterplots where in the 
horizontal axis we measure the Quality of Institutions during the early twentieth century (that 
is Rule of Law or Rigorous and Impartial Public Administration) and in the vertical axis the 

0.2

0.4

0.6

0.8

GRE

SPA

FIN
POR

USA

CAN

BEL
UK
SWE

NORNET DEN

JAPAUS

SWZ
NZ

GER
ITA

FRA AUT

1

–1 –0.5 0 0.5 1 1.5 2 2.5 3 3.5

PS
E

 E
du

ca
tio

n 
19

50
-2

00
0

Rigorous and Impartial Administration 1900

Source: Authors’ calculations, see section 2; Coppedge et al. (2019). 

Figure 6.5 PSE Education 1950−2010 and Quality of Institutions 1900 
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Figure 6.6 PSE Education 1980−2010 and PSE Education 1900
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Figure 6.7 PSE Education 1950−2010 and PSE Education 1900 
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Figure 6.8 PSE Education 1980−2010 and PSE Education 1900 
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Figure 6.9 PSE Education 1950−2010 and Quality of Institutions 1900
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Figure 6.10 PSE Education 1980−2010 and Quality of Institutions 1900 
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Figure 6.11 PSE Education 1950−2010 and Quality of Institutions 1900 
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Figure 6.12 PSE Education 1980−2010 and Quality of Institutions 1900
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PSE in Health. As before, Figures 6.9–6.10 present a positive association between PSE scores 
and the Quality of Institutions in 1900 when the latter is proxied by Rigorous and Impartial 
Public Administration (and so there is sufficient cross country variation in our sample). In 
contrast, in Figures 6.11–6.12 where the Quality of Institutions is captured by Rule of Law the 
scatterplots show a weak association between the variables under examination.

We further investigate the relationship between the historical experience of institutional qual-
ity in a country and future public sector performance. To this end, we present scatterplots where 
in the horizontal axis we measure alternative proxies of historical institutional quality (that is 
Rule of Law in 1900 or Rigorous and Impartial Public Administration in 1900) and in the verti-
cal axis we measure now PSP in Education (that is average years of schooling) and PSP in Health 
(that is infant mortality) during the 1950–2010 period. As can be seen, Figures 6.13–6.16 sug-
gest a positive association between historical institutional quality and alternative Public Sector 
Performance (PSP) measures, which is clearer than the relationship in Figures 6.9–6.12.15 This 
positive association indicates that, quantitatively, improvements via public sector performance 
is a strong channel for institutional quality to affect public sector efficiency.
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Figure 6.13 Years of Schooling 1950−2010 and Quality of Institutions 1900 
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Figure 6.14 Years of Schooling 1950−2010 and Quality of Institutions 1900
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Figure 6.15 Years of Schooling 1950−2010 and Quality of Institutions 1900 
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Figure 6.16 Years of Schooling 1950−2000 and Quality of Institutions 1900

5.  CONCLUSIONS

In this chapter, we studied the historical origins of public sector efficiency, and explored its 
links with institutional quality. We focused on public sector efficiency as approximated by 
performance in education and health, which have been within the set of policy objectives for 
governments throughout the twentieth century, and can be consistently measured for OECD 
countries over this period. We focused on institutions that can affect public sector performance 
via public sector output, and misallocation of public funds and of the effort of government 
officials via rent seeking.

We found that comparative public sector efficiency persists, and that institutional quality in 
the distant past can affect public sector performance and efficiency persistently, even a century 
later. In particular, we find that the effect of historical experience of institutions is stronger on 
public sector performance, compared with public sector efficiency.

The implication of these results is that exogenous changes that lead to better institutional 
quality today should have a bearing on future public sector performance and efficiency in the 
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medium run to long run. Examples of such positive changes include public sector policies that 
protect national resources from rent seeking and political activity that can lead to misallocation 
of public funds to areas that are not directly related to public good provision. However, we have 
not investigated whether there is a short-run effect, and further research is needed to investigate 
a possible causal contemporaneous effect. This should be of immediate importance for policy 
interventions aiming to have a more rapid effect.

A caveat of our analysis is that we focused on health and education as targets of public inter-
vention. This was motivated by data availability, but also because of the need to examine areas 
that have been over time associated with public sector interventions. In more recent decades, 
the public sector has assumed more roles and objectives, and thus the factors that can effect 
a change in public sector efficiency, as well as the channels via which this may happen, have 
also increased. Therefore, to understand how institutional reform may improve public sector 
efficiency today, the additional complexities of the current public sectors need to be accounted 
for. We believe, however, that our study has demonstrated the potential that improvements in 
institutional quality have to generate positive change.
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APPENDIX A

A symmetric equilibrium is an allocation { }, , , , , ,
=1

c s l K y I PSEt t t t t t t t

T
 that solves (6.1), (6.14), 

(6.3), (6.7), (6.11), (6.12) and (6.13), where Lt = Nlt and St = Nst, given an initial condition 
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 that satisfy the condition 
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Nwt , for each t.16 In Proposition 1 we establish 

existence and uniqueness of equilibrium.

Proposition 1

If ft(lt,⋅) is continuous and increasing, an equilibrium exists. If ft(lt,⋅) is also either concave over 
its domain, or convex over its domain, the equilibrium is unique.

Proof

For each time period t, the first order conditions from the problem of the bureaucrat imply that 
the time allocated to rent seeking is:
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which is increasing in It and ∈ −
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An equilibrium in a given year t exists if a solution to (6.16) can be found. The equilibrium 
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so that there is a unique solution to (16), implying that the equilibrium is unique. ■
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NOTES

 1. See for example North (1990), Persson and Tabellini (2000), Drazen (2000), Besley and Persson (2009), Besley 
and Ghatak (2010) and Acemoglu and Robinson (2012, 2019).

 2. We measure public spending net of debt repayment expenditure, because during the historical periods that we 
study the latter have sometimes been a significant burden on the government budget, reflecting exogenous epi-
sodes, without relating to objectives relevant to public good provision.

 3. Compared with other measures of public sector performance in the literature, we do not use measures of infra-
structure. Such measures of economic activity, that are appropriate to relate to the public sector since the turn of 
the twentieth century, are hard to find.

 4. Primary government expenditure (as a per cent of GDP) equals total government expenditure (per cent of GDP) 
minus interest paid on public debt (per cent of GDP).

 5. Alternative data of government spending (for example Flora et al. (1983), Mitchell (2013), Lindert (1994, 2004)) 
do not follow a common classification among countries.

 6. DEA is a deterministic, linear programming technique that provides a piecewise frontier, by enveloping the 
observed data points, and yields a convex production possibilities set.

 7. Using decade averages, instead of higher frequency data, is preferable for two main reasons. First, the effect of 
various policies need not be immediate, but instead may take time to generate results. Second, we want to exclude 
potential business cycle effects from the input of our analysis (that is primary government spending).

 8. More generally, R can be thought of as a function of the economy’s income that the government can tax. Here we 
take the size of the government budget as given and focus on its allocation.

  9.  Here, we are interested in public sector expenditure efficiency, as opposed to public sector efficiency in terms of 
productivity, which would be defined in terms of labour input.

10. Note that we could add It in the numerator of (6.7), since this is another output of public sector bureaucrats. 
However, since in our empirical analysis we investigate the relationship between institutional quality and public 
good provision, which is captured here by yt, we omit It from the numerator of (6.7).

11. See for example Angelopoulos et al. (2021) for references to the literature on formulations of the contestable prize 
for rent-seeking activity as a function of national resources.

12. See for example Murphy et al. (1991), Dixit (2004, chapter 5), Hillman (2009, chapter 2), Angelopoulos et al. 
(2009, 2011, 2021) and Esteban and Ray (2011) for similar rent-seeking technologies.

13. Moreover, in a Weberian ideal type of bureaucracy bureaucrats are meritocratically recruited, have expert training, 
and advance in the organisation based on objective criteria.

14. This characteristic is important for the purposes of our study. This is because these outcome-centred concepts 
(for example corruption or quality of government) have been widely employed by previous PSE studies as PSP 
indicators (see for example Afonso et al. (2005); Adam et al. (2011)).

15. The negative association between historical institutional quality and infant mortality presented in Figures 6.15 
and 6.16 implies positive association with the inverse of infant mortality, which is the relevant Public Sector 
Performance measure that we employ (see Table 6.1 for more details on this).

16. The condition 
µ+

<
(1 )

Rt
Nwt  requires that the contestable prize (misallocation of public funds) is sufficiently small to 

permit well defined time allocations (see the proof of Proposition 1).
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7.  Government efficiency and fiscal rules
Amélie Barbier-Gauchard, Kéa Baret, and Xavier Debrun

1. INTRODUCTION

Fiscal rules have been on the rise worldwide since the 1990s, highlighting the urgent need 
for sound public finance. Since the turn of the century, furthermore, the issue of government 
efficiency has stimulated public debate and given rise to numerous indicators. Government 
efficiency refers to their ability to reach economic and social objectives with public funds but 
with the lowest possible costs. The fields of fiscal discipline and government efficiency have 
been developing in parallel but independently, although the two fields seem related and prob-
ably should be considered together. Indeed, does government efficiency lead to better fiscal 
discipline? Or, on the contrary, do fiscal rules make governments more efficient?

‘Fiscal discipline’ refers to a government’s ability to maintain sound public finance. A first 
strand of literature considers that the effectiveness of fiscal rules should be measured by their 
disciplinary effect on fiscal behavior since the seminal paper of Bohn and Inman (1996). A 
second strand of literature considers that the performance of fiscal rules should be measured by 
their impact on various macroeconomic aggregates (activity, employment, inflation, interest 
rates, terms of trade and so on) as underlined, for instance, by Ghosh et al. (2011). A third 
strand of literature has focused on the key determinants of fiscal rule compliance (Reuter, 
2019; Larch and Santacroce, 2020; Barbier-Gauchard et al., 2021b).

Meanwhile, as underlined by Afonso et al. (2021b), ‘government efficiency’ encompasses 
the public sector’s ability to reach objectives funded by public money at the lowest possible 
cost to taxpayers. The most in-depth measure of government efficiency is the ‘Public Sector 
Performance (PSP)’ indicator proposed by Afonso et al. (2005) in their seminal article. This 
indicator has two main components: opportunity indicators and traditional Musgravian 
indicators. The opportunity indicators capture the institutional and economic context of the 
considered economy (corruption, shadow economy and so on) and the performance of several 
key public goods (education, health and infrastructure). The Musgravian indicators refer to 
the three functions of the public sector and assess income/wealth inequality (via the Gini 
coefficient), the stabilization power of the budget (deviations in GDP growth and inflation) 
and overall economic performance (GDP per capita, GDP growth and unemployment rate).

This large literature on fiscal rules does not contain any empirical evidence of a potential 
link between fiscal rules and government efficiency. In this context, this chapter investigates 
potential bridges between fiscal rules and government efficiency. More precisely, we inves-
tigate the correlation between the presence, strength or compliance rate of fiscal rules and a 
government efficiency index. This exploratory study offers some interesting insights but the 
conclusions depend on the indicator used as a proxy for fiscal rule performance, the periods 
considered and the types of fiscal rules included in the analysis.
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The rest of this chapter is organized as follows. Section 2 discusses the potential relation 
between government efficiency and fiscal discipline. Section 3 proposes an overview of fiscal 
rules in the world. Section 4 offers an insight on the debate on fiscal rules performance. In sec-
tion 5, the degree of correlation between different fiscal rule related proxies and government 
efficiency is tested. Section 6 concludes.

2.  GOVERNMENT EFFICIENCY AND FISCAL DISCIPLINE: 
ORTHOGONAL OR JOINED AT BIRTH?

‘Government efficiency’ refers to the achievement of economic and social objectives typically 
funded by public funds with the lowest possible amount of taxpayer money. ‘Fiscal discipline’ 
can be defined as the ability to maintain sound public finance. What possible bridge can there 
be between these two objectives?

2.1 From Government Efficiency to Fiscal Discipline

On the one hand, as underlined by Afonso et al. (2021b), the concept of government efficiency 
encompasses the public sector’s ability to reach economic and social objectives usually funded 
by public money at the lowest possible cost to taxpayers. A related concept is the necessary 
production (of public goods and services) at the lowest possible cost and as fast as possible. 
Government efficiency usually involves balanced budgets and ensuring appropriate and 
rational public spending with no waste. Since Musgrave’s (1959) seminal paper, three func-
tions have traditionally been entrusted to the government: i) allocation of public goods and 
services (education, health, security, defense and so on), ii) the redistribution of income from 
the richest to the poorest to improve social justice and iii) the cyclical stabilization of economic 
activity (in particular inflation and employment) following economic shocks.

It is worth noting that ‘government efficiency’ differs from ‘government effectiveness’, the 
public sector’s ability to achieve its goals. ‘Government effectiveness captures perceptions of 
the quality of public services, the quality of the civil service and its degree of independence 
from political pressure, the quality of policy formulation and implementation, and the cred-
ibility of the government’s commitment to such policies’, as explained by the World Bank 
and included among six measures of governance in its Worldwide Governance Indicators.1 
The government effectiveness index, calculated for 193 countries, runs from −2.5 for the least 
effective government to 2.5 for the most. This index has also generated an abundant literature 
focusing in particular on the determinants of government effectiveness and its relationship to 
the population’s wellbeing (see García-Sánchez et al., 2013) or the association between this 
indicator and long-term growth (see for instance Alam et al., 2017).

The concept of ‘government efficiency’ also includes the ability to optimize available financial 
resources to achieve objectives. The most in-depth measure of government efficiency is the 
public sector performance (PSP) indicator proposed by Afonso et al. (2005) in their seminal 
article and explored in more detail in the present handbook. This indicator has two main compo-
nents: opportunity indicators and traditional Musgravian indicators. The opportunity indicators 
capture the institutional and economic context of the considered economy (corruption, shadow 
economy and so on) and the performance of several key public goods (education, health and 
infrastructure). The Musgravian indicators refer to the three functions of the public sector men-
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tioned above and assess income/wealth inequality (via the Gini coefficient), the stabilizing power 
of the budget (deviations in GDP growth and inflation) and overall economic performance (GDP 
per capita, GDP growth and unemployment rate). This index runs from 0.01356 (least effective) 
to 2.0557 (most effective). Table 7.1 summarizes the variables used to build the PSP indicator.

On the other hand, ‘fiscal discipline’ refers to a government’s ability to maintain sound 
public finance. Fiscal discipline thus involves reducing deficit bias, increasing confidence in 
fiscal policy and reducing the costs of public borrowing to keep public debt sustainable. Fiscal 
discipline can be implemented through a wide range of measures, such as fiscal rules with 
numerical targets (balanced budget, public debt, expenditure, revenue and/or golden rules), 
independent fiscal institutions (generally called ‘fiscal councils’) in charge of monitoring 
public finance and medium-term budgetary frameworks. Numerical fiscal rules and medium-
term frameworks differ in their implementation and time horizons. Medium-term budgetary 

Table 7.1  Overall public sector performance indicators from a ‘government efficiency’ 
perspective

Sub Index Variable
Opportunity Indicators

Administration Corruption
Red Tape

Judicial Independence

Property Rights

Shadow Economy

Education Secondary School Enrolment
Quality of Educational System

Program for International Student Assessment (PISA) scores

Health Infant Survival Rate
Life Expectancy

Cardiovascular Disease (CVD), Cancer, Diabetes or Chronic 
Respiratory Disease (CRD) Survival Rate

Public Infrastructure Infrastructure Quality
Standard Musgravian Indicators

Distribution Gini Index
Stabilization Coefficient of Variation of Growth

Standard Deviation of Inflation

Economic Performance GDP per Capita
GDP Growth

Unemployment

Source: Afonso et al. (2005).
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frameworks allow governments to go beyond the annual budget cycle. Numerical fiscal 
rules are stricter and constrain fiscal discipline over shorter timeframes. Together, these tools 
constitute what is traditionally called the ‘fiscal framework’.

2.2 Pros and Cons of Fiscal Discipline

As common-pool resources, public deficit and public debt biases require careful monitoring to 
avoid making public finance unsustainable (Wyplosz, 2013). Moreover, the problem of tempo-
ral inconsistency (Kydland and Prescott, 1977) creates a temptation for discretionary policies. 
This well-known bias fuels the famous ‘rules versus discretion’ debate, that is, whether or not 
public decision makers should be free to conduct their policies unchecked. Fiscal rules appear 
to be a useful solution to the problem of temporal inconsistency, in the sense that they also 
limit crowding-out effects. In a monetary union, a further strong argument for these rules is the 
presence of externalities linked to the close relations between countries: poor public finance 
management in any member state risks destabilizing the union as a whole, with a possible 
domino effect if a state goes bankrupt (see De Grauwe, 2000 or IMF, 2009).

However, if a fiscal rule is too strict, it can lead to a major cut in productive public spending 
and may therefore compromise growth. This point is particularly important in a monetary 
union without a substantial centralized budget as is the case in the European Monetary Union 
(EMU). For example, Thirlwall (2001), Warin (2005) and Wyplosz (2006) have argued that 
fiscal rules may have deteriorated economic growth in the EMU. These effects have been 
analyzed empirically at the national (Bohn and Inman, 1996) and supranational (EU Stability 
and Growth Pact; Castro, 2011) levels. Along the same lines, Gali and Perotti (2003) and Artis 
and Onorante (2006) have assessed the effects of fiscal rules on fiscal policy behavior, public 
investment and growth, finding that improvements in public fiscal balances are mainly due to 
higher economic growth and not to better government behavior.

Another crucial debate surrounds the pro-cyclicality of fiscal rules. While Ghosh et al. 
(2011) and Perotti (2013) found that fiscal rules do not prevent macroeconomic instability, 
Bova et al. (2014), Guerguil et al. (2017) (for developing countries) and Sacchi and Salotti 
(2015) (for OECD countries) note that the stabilizing power of fiscal rules depends on the type 
of rule implemented. The heterogeneous effects of different types of rules on fiscal discipline 
and economic stabilization raise the question of what the optimal choice is. As developed 
below, many variants of each type of rule are implemented in OECD countries.

In addition, Wyplosz (2013) and Debrun and Kumar (2007) discuss fiscal rules as driven by 
reverse causality: ‘disciplined governments may wish to adopt rules as a way of cementing and 
signaling their determination’. This view is supported by Heinemann et al.’s (2018) metaregres-
sion analysis of data previously modeled by instrumental variable (Foremny, 2014), least squares 
dummy variable (Reuter, 2015), system-generalized method of moments (Bergman et al. (2016)) 
or propensity-score matching regression (Tapsoba, 2012; Barbier et al., 2021a). Finally, Wyplosz 
(2013) argues that voter preferences and other unobserved factors may affect the results of these 
studies, which nevertheless involved a large number of robustness tests to control for bias.

2.3 Potential Relationship between Fiscal Rules and Government Efficiency

These tools are designed to implement fiscal discipline. But what does a truly efficient fiscal 
discipline procedure consist of? And what is the true link between fiscal discipline and 
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government efficiency? In particular, does fiscal discipline contribute to government effi-
ciency? Or on the contrary, is it government efficiency that enables fiscal discipline? The two 
are intertwined it seems; however, the literature on these topics is tightly compartmentalized.

On the one hand, the fiscal discipline literature tries to define what efficient discipline is and 
what the best public finance indicators/rules to monitor it could be. Clearly, a fiscal discipline 
procedure should stabilize public finance while government fiscal policy is enacted. The objec-
tive is not simply to maintain zero public balance or to stabilize the level of public debt around a 
ceiling, but also to allow fiscal policy to proceed. In that sense, fiscal discipline may contribute 
to government efficiency, by forcing further rationalizations of public expenditure and revenue. 
Indeed, if a government is sufficiently well disciplined in its fiscal policy, it will be efficient in 
its use of public resources (government efficiency). The role of fiscal discipline is thus to ensure 
the sustainability of public finances, which implies a proper use of public resources. This first 
connection suggests that fiscal rules may entail greater government efficiency.

On the other hand, the literature on government efficiency aims to define what rational 
public expenditure and revenue may be. Reverse causality should also be considered here. 
Indeed, efficiency implies limited resource waste and achieving given objectives with less 
funding (through taxes, borrowing or the compression of productive spending). Efficiency also 
points to greater administrative and logistical capacities and fewer problems of coordination 
between budgetary units. In that sense, efficiency implies a capacity to reach aggregate targets 
such as those enshrined in a fiscal rule. In other words, efficient governments are less affected 
by the common pool problem, one of the key sources of deficit bias. Finally, government 
efficiency signals a stronger underlying commitment to avoiding excessive taxation of current 
(government size) and future generations (public debt).

3.  VARIOUS FORM OF FISCAL RULES IN THE WORLD:  
AN OVERVIEW

Numerical fiscal rules are the simplest form of fiscal discipline measure implemented across 
the world. Nowadays, most countries have fiscal rules of some kind, but their details vary 
widely in terms of their targets, levels of application and their strictness or flexibility.

3.1 Fiscal Stance Indicators Targeted by Fiscal Rules

The variety of fiscal rules is related in part to the large number of possible targets. Numerical 
fiscal rules set a limit on a given public finance indicator but fiscal positions can be assessed 
in several ways, either through the public budget balance (or a variant such as the primary 
balance, cyclically adjusted balance or the balance net of public investment) or the level of 
public debt, public expenditure or public revenue.

A fiscal rule may first of all set a limit on the overall budget balance. The pros of this option 
are that the overall balance is a complete indicator of all the components of public balance. 
The cons, however, are that these include components on which the government cannot act 
such as the cyclical balance and components inherited from past governments. The numerical 
fiscal rule can also apply to the primary balance, defined as the overall budget balance minus 
components related to debt accumulation (debt service). This type of rule is less restrictive for 
highly indebted countries and avoids current governments having to deal with their predeces-
sors’ burdens.
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An alternative target is the cyclically adjusted balance (also called structural balance), 
which corresponds to the budget balance without cyclical components. Since governments 
cannot act on the cyclical part of the budgetary balance, this rule enables automatic stabilizers 
to operate freely. How best to calculate it is a matter of strong debate however.2 Estimates can 
differ from one method to the next.

Finally, the golden rule (or public investment-friendly rule) applies to the public balance 
excluding public investments (meaning without public gross fixed capital formation). Under 
this rule, borrowing is allowed, but only to finance public investments, as a means to boost eco-
nomic growth. Many authors such as Balassone and Franco (2001), Blanchard and Giavazzi 
(2003) and Creel (2003) have thus promoted the golden rule. Levels of public investment have 
indeed fallen considerably in the euro area since the launch of the single currency, even when 
economic conditions were not unfavorable. This would seem to support proponents of the 
golden rule; however, accurately assessing net public investment, as required by the golden 
rule, is difficult. There is no real consensus on how to assess capital depreciation and the most 
commonly used measure for net public investment is gross fixed capital formation. Although 
this approach has been used for a long time in countries such as the United Kingdom, the 
unresolved problem of estimating net public investment still discourages governments from 
adopting the golden rule.

Fiscal rules that exclude public investment or cyclical components belong to the group of 
more flexible or ‘second-generation’ fiscal rules. More elaborate ‘third-generation’ fiscal rules 
have also been proposed recently in the spirit of the Taylor rule for monetary policy, giving rise 
to the fiscal Taylor rule. Debrun and Jonung (2019) define a Taylor ‘rule’ as simultaneously 
simple, flexible and non-enforceable, and illustrate how a rules-based fiscal framework cen-
tered on a fiscal Taylor rule could work. There is no enforceable numerical rule in this case. We 
elaborate on the potential role for Taylor-type indicative rules in formally guiding discretion in 
the short run and in promoting long-term debt sustainability. In the same vein, following the 
series of deep economic crises since 2008 (the global financial crisis, the sovereign debt crisis 
and the pandemic crisis since 2020), fiscal rule compliance has been discredited (Caselli et al., 
2018) and the trade-off between fiscal compliance and government growth objectives has been 
at the center of debates. Blanchard et al. (2021) have even proposed to abandon fiscal rules 
and instead adopt ‘fiscal standards’ defined as ‘qualitative prescriptions that leave room for 
judgement together with a process to decide whether the standards are met’.

3.2 Numerical Fiscal Rules in the World

Fiscal rules can therefore aim at a wide variety of targets. As such, the IMF and the European 
Commission regularly compile data on the fiscal rules in force since 1990 in OECD countries. 
The dataset covers all types of numerical rules (applying to budget balance, debt, expenditure 
and revenue) at all levels of government (central, regional and local, general government and 
social security).

As shown in Figure 7.1, around 80 countries in the world had national and/or supranational 
fiscal rules in 2009, compared with just seven countries in 1990. This number has increased 
considerably since the 1990s with an acceleration from around 1996. This rapid expansion 
reflects the adoption of national fiscal rules, particularly in Europe and Latin America, or supra-
national rules, especially in low-income countries. In 2009, more than 50 countries had national 
fiscal rules (including 20 in combination with supranational rules), see Hamid et al. (2022).
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Figure 7.1 Number of countries with fiscal rules, in the world, between 1990 and 2015

As illustrated with Figure 7.2, the most popular targets of these fiscal rules in 2015 were 
public balance and public debt. Almost 80 percent of developed countries applied a fiscal rule 
based on public balance, and the same proportion a rule on public debt. This reflects a certain 
preference of governments for indicators closely linked to public finance sustainability.
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However, as highlighted by Figure 7.3, from Guerguil et al. (2017), fiscal rules have 
become increasingly flexible in their design over time (note that investment-friendly rules, 
which do not apply to public capital spending, and cyclically adjusted balance-based rules are 
considered flexible in this context).

4.  FISCAL RULES PERFORMANCE: A BURNING ISSUE

The performance of fiscal rules is a hotly debated subject. What exactly is an efficient fiscal 
rule and what criteria should be used to assess its performance? Since the founding work 
of Kopits and Symansky (1998), many subsequent studies have attempted to deepen one or 
other aspect of their analysis. Although Kopits and Symansky do not explicitly refer to ‘fiscal 
rule performance’, their contribution is the origin of the debate around what constitutes an 
‘efficient’ fiscal rule. They indeed identify eight essential properties of an ‘ideal’ fiscal rule, 
although no rule can in fact combine all eight. The optimal trade-off has to be chosen between 
these different qualities and several studies have attempted to do this. Thus, based on the same 
analysis grid, Buti et al. (2003) show that the initial supranational fiscal rule in the eurozone’s 
Stability and Growth Pact is better than a deficit rule excluding public investment, while Creel 
(2003) demonstrates the exact opposite. In doing this, Creel (2003) emphasizes the subjective 
nature of the values associated with each property. Buiter’s (2003) work is in the same vein.

More recently, Debrun and Jonung (2019) have framed the problem as the ‘fiscal rule 
trilemma’, namely that a good rule, on top of being discipline inducing and enforceable, should 
also be flexible (that is, sufficiently loose to not interfere too often with other policy objectives) 
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and simple. However, among these three desirable properties, they explain that only two can 
ever be fulfilled at once. Just as in the monetary policy trilemma described by Mundell and 
Fleming in the 1960s, fiscal rules cannot at the same time be enforceable, flexible and simple, 
as illustrated in Figure 7.4.

In other words, there is no consensus on this issue. In a nutshell, the performance of fiscal 
rules can be understood in several non-mutually exclusive ways: i) with regard to their 
disciplining effect on government behavior, ii) with respect to their effect on macroeconomic 
variables, iii) using the fiscal rule strength index and/or iv) on the basis of how well they are 
complied with.

4.1 Fiscal Rule Performance as their Disciplinary Effect on Government Behavior

A first strand of the literature considers that the effectiveness of fiscal rules should be measured 
by their disciplinary effect on fiscal behavior, in keeping with Kopits and Symansky’s (1998) 
first criterion: ‘a good fiscal rule should be suitability for the intended objective’. Since Bohn 
and Inman’s (1996) seminal paper, much attention has been paid to the impact of fiscal rules 
on the fiscal stance (assessed by an indicator of public balance such as the cyclically adjusted 
primary balance (CAPB) and/or public debt).3 CAPB is commonly used as a proxy for the 
fiscal stance and many studies thus focus on the impact of fiscal rules on the CAPB, an increase 
in CAPB being interpreted as an improvement in fiscal discipline. Several studies using 
quite different technical approaches (instrumental variables, system Generalized Method of 
Moment, Least Square Dummy Variable and propensity score matching) have found that this is 
indeed the case. The fact that these different approaches produce the same result, as highlighted 
by Heinemann et al.’s (2018) metaregression analysis, is an answer of sorts to the question of 
possible reverse causality discussed by Debrun and Kumar (2007) and Wyplosz (2013).
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Figure 7.4 Designing fiscal rules: a trilemma
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Finally, while fiscal rules assessed by the CAPB appear to be ineffective in Debrun and 
Kumar (2007), Escolano et al. (2012) and Caselli and Reynaud (2019), many other studies 
conclude the opposite, such as Debrun et al. (2008), Marneffe et al. (2010), Reuter (2015) and 
Combes et al. (2018). These studies all focus on national fiscal rules, but positive results have 
also been reported for sub-national fiscal rules by Foremny (2014). The effect of fiscal rules on 
fiscal discipline also depends on the methodology used and the type of fiscal rule considered. 
While similar effects of budget balance rules on fiscal discipline have been reported by several 
studies (Debrun et al., 2008; Tapsoba, 2012; Barbier-Gauchard et al., 2021a. and so on), in 
keeping with previous studies (for example Debrun et al., 2008 and Bergman et al., 2016), 
they find that expenditure rules had no significant effect on the CAPB. The effect of debt rules 
on fiscal discipline is likewise unclear, with Barbier-Gauchard et al. (2021a) finding none, 
but Bergman et al. (2016) and Debrun et al. (2008) finding that debt rules do promote fiscal 
discipline, respectively by themselves and when combined with budget balance rules.

The performance of fiscal rules may also depend on the environment (Tapsoba, 2012; 
Combes et al., 2018; Reuter, 2019; Barbier-Gauchard et al., 2021a). For example, Tapsoba 
(2012) found that supranational rules reduce the effect of national fiscal rules in developing 
countries. In the EU, on the contrary, Barbier-Gauchard et al. (2021a) found no interaction 
between supranational and national fiscal rules when fiscal discipline is measured by the 
CAPB but found that there was a positive effect when fiscal discipline was proxied by a larger 
indicator, the global fiscal performance index (GFPI, which represents a broader definition of 
fiscal discipline than the CAPB does, covering the public deficit, fiscal revenue, the external 
deficit, the growth rate of public debt and the growth rate of public debt interest). The CAPB is 
indeed an imperfect measure, first, because there is no consensus on how to estimate potential 
production and the output gap, and second, because the CAPB only captures discretionary 
public spending, excluding other macroeconomic variables that may be affected by fiscal 
rules. This is problematic because if fiscal rules have negative effects on these other macro-
economic variables (while nevertheless reducing discretionary spending), their effectiveness 
is in fact limited.

4.2 Fiscal Rules’ Performance as their Macroeconomic Impact

A second strand of the literature considers that the performance of fiscal rules should be 
judged on their impact on various macroeconomic aggregates (activity, employment, inflation, 
interest rates, terms of trade and so on). Fiscal rules should also be evaluated in terms of their 
potential stabilizing effects on these macroeconomic aggregates, in keeping with Kopits and 
Symansky’s (1998) ‘general consistency’ and ‘flexibility’ criteria. The main outcomes con-
sidered by these studies is the volatility of one or more of these variables (typically economic 
activity, employment, inflation, interest rates and/or the terms of trade). For example, Sacchi 
and Salotti (2015) emphasize that when strict fiscal rules are introduced, discretionary policy 
becomes output stabilizing rather than destabilizing (more so with balanced budget rules than 
with expenditure, revenue or debt rules). However, fiscal rules do not alter the inflation desta-
bilizing nature of discretionary policy, probably because of the greater role of central banks in 
that respect. Guerguil et al. (2017) assess the impact of different types of flexible fiscal rules 
on the procyclicality of fiscal policy, finding notably that investment-friendly rules reduce the 
procyclicality of both overall and investment spending. The effect appears to be stronger in 
bad times and when the rule is enacted at the national level. The existence of escape clauses 
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in fiscal rules does not seem to affect the cyclical stance of public spending, and the inclusion 
of cyclical adjustment features in spending rules yields broadly similar results. Bergman and 
Hutchison (2015) and Combes et al. (2017) show that fiscal policy is counter-cyclical but that 
there are also non-linear effects. All fiscal rules do not reduce the procyclicality of fiscal policy 
when debt is high. Reuter et al. (2018) confirm previous findings that fiscal rules reduce fiscal 
volatility and consequently contribute to reducing output volatility.

In addition, Badinger and Reuter (2017) provide strong evidence that countries with more 
stringent fiscal rules have higher fiscal balances (lower deficits), lower interest rate spreads 
on government bonds and lower output volatility. Finally, Badinger et al. (2017) and Afonso 
et al. (2021b) have investigated the relationship between national fiscal balances and current 
accounts with an emphasis on the role of fiscal rules. In agreement with previous studies, they 
find a positive association between fiscal and current account balances, supporting the twin 
deficit hypothesis. However, this effect depends on the stringency of the fiscal (budget balance 
or debt) rules in place.

4.3 Fiscal Rules Strength Index

It was not until the end of the 2000s that composite indicators appeared to assess the perfor-
mance of fiscal rules via the fiscal rule strength index. The characteristics considered by the 
European Commission and the IMF in assessing the strength of a fiscal rule are its legal status, 
its resilience to shocks, the existence of correction mechanisms (sanctions for non-compliance 
in particular), the existence of institutions in charge of implementing the rule and enforcing 
compliance (the more independent the institution is, the better it is scored in the European 
Commission’s evaluation grid), how easy it is to revise objectives (for example, can this be 
done by government alone or is parliamentary approval required?).

The European Commission has been using a fiscal rule index (FSI) and fiscal rule strength 
index (FRSI) since 2015 to measure the stringency of fiscal rules currently applied in the EU. 
This assessment is largely based on the institutional characteristics of the rules and covers at 
least two of Kopits and Symansky’s (1998) criteria: ‘flexibility’ and ‘credibility’. The five 
differently weighted criteria considered in the FRSI are i) the legal basis of the rule, ii) whether 
it is binding or not (can objectives be set or revised), iii) the nature and independence of control 
and enforcement bodies (and whether they perform real-time monitoring), iv) the correction 
mechanisms envisaged in case of deviation from the rule and v) resilience to shocks or events 
outside the control of the government. These items are scored from 0 and 1 and combined 
with different weights, to give the FRSI of a given fiscal rule at a given time. The FRI of each 
country, evaluating the overall level of fiscal discipline, is then obtained by combining the 
FRSIs of the different fiscal rules applied. These data are all described and accessible in the 
European Commission’s Fiscal Governance Database.

The IMF uses a slightly different approach to calculate FRIs in its Fiscal Rules Database. 
Following Kumar et al. (2009), the IMF’s method is based on a principal component analysis 
of the following sub-indices/scores: an enforcement score, a coverage score, a legal basis 
score, a supranational rules score, an index assessing how compliance is monitored and 
enforced, a flexibility score, the average number of fiscal rules and the ratio of national to total 
fiscal rules in each country. Schaechter et al. (2012) then developed an index based only on a 
set of key fiscal rule characteristics, and a series of sub-indices for each type of rule (described 
in Figure 7.5), with each sub-index being the sum of scores for the legal basis, coverage, formal 
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enforcement procedure and expenditure ceilings of the rule, and for the presence of a fiscal 
responsibility law (FRL), and of an independent body to set budget assumptions and monitor 
implementation (see Figure 7.6 for an overview). The four sub-indices for each type of rule 
are then combined to obtain the overall FRI.

4.4 Fiscal Rule Compliance Index

Among the essential properties of a ‘good’ fiscal rule defined by Kopits and Symansky 
(1998), credibility is a particularly hot topic in debates on fiscal rule efficiency. The credibility 
of a fiscal rule affects its enforceability (one of the elements of Debrun and Jonung’s (2019) 
‘fiscal rules trilemma’) and the level of compliance achieved. Fiscal rule compliance can be 
defined as how closely the fiscal aggregates considered (the budget balance, the debt-to-GDP 
ratio and/or government expenditure) match the targets set by the rule (without considering 
escape clauses).
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Compliance with fiscal rules has been widely studied. Some authors have attempted to 
assess the level of compliance using the fiscal rules databases published by the European 
Commission (2022) and the IMF (see the background paper by Schaechter et al., 2012). These 
databases provide information on the characteristics and coverage of a given fiscal rule, its 
statutory base, monitoring bodies and the correction mechanisms in place in case of deviations 
from the rule, as well as experiences of the rule. Reuter (2015) and Larch and Santacroce 
(2020) show that numerical fiscal rules are generally respected in only 50 percent of cases. 
Delgado-Téllez et al. (2017) and Cordes et al. (2015) found similar compliance rates at the 
subnational level in Spain and for public expenditure rules in advance and emerging countries, 
respectively.

Other studies have searched for the key determinants of fiscal rule compliance. Reuter 
(2019), for example, did this for the European Union from 1995 to 2005, finding in particular 
that the characteristics of the fiscal rule (its legal basis and the existence of independent 
monitoring and enforcement authorities), the degree of government fragmentation and the 
political cycle where significantly associated with the likelihood of compliance. Compliance 
in these countries was not found to be affected by the existence of overlapping fiscal rules (at 
the national level, or with regional or local rules). Larch and Santacroce (2020) studied the 
determinants of compliance with the supranational fiscal rules introduced by the European 
Union’s Stability and Growth Pact (which was adopted in 1997). These rules, which have 
been reformed several times, set targets for several fiscal aggregates (deficit, debt, structural 
balance and expenditure). These authors’ study covering 1998 to 2019 highlights persistent 
differences between countries. Numerical compliance seems to be linked with key macro-
economic variables on the one hand (especially episodes of pro-cyclical fiscal policy) and 
the quality of governing institutions on the other (countries with ‘watchdogs’ (Debrun and 
Jonung,2019), that is national independent fiscal institutions tend to be more compliant). 
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Elsewhere, Barbier-Gauchard et al. (2021b) used a machine learning based forecasting model 
to predict compliance with the 3 percent deficit rule. The dataset covered the years 2006 to 
2018 (a turbulent period that included the global financial crisis and the sovereign debt crisis) 
for all 28 EU member states. Eight of the 141 variables considered were identified as predictors 
via a feature selection procedure and the proposed model had a forecasting accuracy of 91.7 
percent, outperforming the logit model that was used as a benchmark.

5.  AN ASSESSMENT OF THE RELATIONSHIP BETWEEN 
GOVERNMENT EFFICIENCY AND FISCAL RULES

This large literature on fiscal rules does not contain any empirical evidence of a potential link 
between fiscal rules and government efficiency. This leaves several questions outstanding. Do 
fiscal rules impact government efficiency? Or do governments adopt fiscal rules in response 
to poor government efficiency? Are efficient governments more likely to use fiscal rules than 
others or less likely? There are several issues to investigate and this section explores several 
aspects of the relationship between fiscal rules and government efficiency. Using fiscal rule 
related proxies, we will test the links between government efficiency and i) the existence, ii) 
the stringency and iii) the level of compliance with fiscal rules.

Government efficiency and its determinants have been studied by Gupta and Verhoeven 
(2001) and Afonso et al. (2005), who measured government efficiency through the effect of 
public expenditure on socio-economic indicators. Both sets of authors used a non-parametric 
production function approach and obtained efficiency scores from the distances between 
the inefficient observations and the frontier. More recently, Afonso et al. (2021b) calculated 
a novel measure of government efficiency for 36 advanced OECD economies over the 
period 2003–17. Their government efficiency indicator was calculated in five-year periods: 
2003–07, 2008–12 and 2013–17. Table 7.2 provides descriptive statistics on this indicator for 
the 34 advanced OECD countries considered in this chapter,4 with details on the fiscal rules 
considered given in Appendix A1. The government efficiency index varies little on average, 
the mean index ranging from 0.95 to 1.17 across the three studied periods. Nevertheless, 
the extrema (the minimum and the maximum of the sample) vary considerably. It may 
therefore be interesting to investigate whether fiscal rules played a role in extreme cases, 
in other words, whether they helped in countries with particularly efficient or inefficient 
governments.

Table 7.2  Descriptive statistics on government efficiency for 34 advanced OECD 
economies

Variable Period min max Mean Median
Government Efficiency 2003–07 0.952 1.375 1.170 1.186
Government Efficiency 2008–12 0.014 2.056 0.948 0.956
Government Efficiency 2013–15 0.672 1.581 1.066 1.032

Source: Afonso et al. (2021b).
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5.1 Government Efficiency and the Presence of Fiscal Rules

Government efficiency is measured over five-year periods5 while the presence of fiscal rules 
is a year-to-year measure. To identify a potential link between the two, we calculate the annual 
average of the number of fiscal rules in place in each country over each five-year period, 
considering fiscal rules (budget balance rules, expenditure rules, revenue rules and debt rules) 
together and separately. In other words, we count how many fiscal rules a given country had 
on average, each year, over the considered period.6 This provides a time-invariant measure 
for fiscal rules.7 This approach is used for the overall number of fiscal rules and for each type 
of rule separately in the following paragraphs. The following figures reflect unconditional 
correlations and do not imply causality, hence fitted lines should be interpreted with caution.

For all national fiscal rules, Figure 7.7.a plots government efficiency on the vertical axis and 
the annual average of the number of fiscal rules on the horizontal axis for the entire 2003–15 
period. The two quantities appear to be positively related but we know that in this period, two 
economic crises (the global financial crisis and the sovereign debt crisis) affected countries 
worldwide. It may therefore be informative to decompose the study period into three parts 
(2003–07, 2008–12, 2013–158). The results of this decomposition are shown in Figure 7.7.b.
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Figure 7.7.a  Government efficiency and the annual average number of fiscal rules from 
2003 to 2015
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Government Efficiency vs. Average number of Fiscal Rules between 2003 and 2007
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Government Efficiency vs. Average number of Fiscal Rules between 2008 and 2012
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Figure 7.7.b Government efficiency and the average number of fiscal rules by period
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Government Efficiency vs. Average number of Fiscal Rules between 2013 and 2015
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Figure 7.7.b (Continued)

The correlation coefficients between the annual average of the number of fiscal rules 
and government efficiency for the three periods (listed in Appendix A2) support the visual 
impression provided by Figure 7.7.b. The presence of fiscal rules is weakly correlated with 
government efficiency between 2003 and 2007 but more strongly correlated between 2008 and 
2012. There are several possible explanations for this. First, many fiscal rules were broken 
during the great recession, because governments were no longer constrained and used public 
investment to drive economic recovery, a policy that can reasonably be considered efficient. 
Second, governments that were constrained by fiscal rules may have shifted from bad spending 
to highly productive investments. However, since all governments were forced to use fiscal 
stimulus in the face of the crisis, it is unclear whether fiscal rules had anything to do with these 
decisions. Overall, the data suggest that fiscal rules have a weak positive effect on government 
efficiency, but a deeper analysis suggests that the results depend on the period considered. 
Another potential source of heterogeneity in the results is the variety of fiscal rules applied. 
We will now investigate this link separately for each type of rule.

To further explore the potential links between fiscal rules and government efficiency we 
now consider the strength of fiscal rules in place rather than simply their number.

5.2 Government Efficiency and the Stringency of Fiscal Rules

As for the number of fiscal rules, we transformed the annual measure of fiscal rule stringency 
to obtain a variable that can be compared with government efficiency. We calculated the mean 
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index of fiscal rule strength (IFRS) over each period 2003–07 and 2008–12.9 The IFRS values 
came from Schaechter et al. (2012) and Combes et al. (2018).

Figure 7.8.a suggests that government efficiency is positively related to the average IFRS: 
the stronger the rules in place are, the more efficient governments seem to be. Considering 
the two periods 2003–07 and 2008–12 separately, Figure 7.8.b shows that the correlation is 
stronger in the latter period than in the former. In contrast with previous results therefore, these 
data suggest that strong rules do alter trends in public spending.

5.3 Government Efficiency and Fiscal Rule Compliance

The analysis for this section is based on Reuter’s (2015) definition of compliance. Fiscal rules 
compliance’s computations used a dataset shared by Reuter according to the work done in 
Caselli et al. (2018), completed by our own calculations of compliance with national fiscal 
rules. To explore the link between government effectiveness (not efficiency) and average 
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Figure 7.8.a Government efficiency and index of fiscal rule strength from 2003 to 2014
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Figure 7.8.b Government efficiency and index of fiscal rule strength by period
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compliance with supranational rules, readers are referred to Larch and Santacroce (2020), 
who focus on the Stability and Growth Pact’s rules. Following these authors, we calculate the 
average fiscal rule compliance score, Ci, for each country i, over the three considered periods 
(2003–07; 2008–12; 2013–15) as follows:

 
∑ ∑

=
Σ Σ

, ,C
C

i
t r i r t

t r

 (7.1)

The analysis is based on average rates over countries (i), time (t) and rules (r). Averages 
are calculated by counting instances of compliance in a given period and dividing by the total 
number of rules to be complied with. Considering for example a country with only one type of 
fiscal rule (say a Budget Balance Rule) applied every year from 2003 to 2007, but complied with 
in only three of the five years, the average compliance score is 60 percent. Now, if two fiscal rules 
are applied in the period, the first one only for three years and complied with once, and second 
one in place for five years and complied with twice, the average compliance score is 37.5 percent.

Of the 34 countries included in the preceding analyses in this chapter, we only consider 
19 here. This is because Reuter’s compliance database refers mainly to budget balance rules. 
While we were able to complete the database in some cases with our own calculations, several 
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Figure 7.9 Government efficiency and fiscal rule compliance by period
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Table 7.3  Sign of the relationship between fiscal discipline and government efficiency 
for different indicators of fiscal discipline from 2003 to 2015 (by period and 
sub-period)

Indicator Existence (all rules) Stringency* Compliance 

Periods 2003–15 2003–14 2003–15

Intensity of the relation 
between fiscal discipline 
and government 
efficiency

++ ++ +

countries in our initial set of 34 do not have a budget balance rule. We thus calculated the 
association between average compliance with BBRs and government efficiency. Scores were 
obtained for each country in each period during which a BBR was in place. These results are 
shown in Figure 7.9 for 2003–07, 2008–12 and 2013–15.

Figure 7.9 shows that the correlation between fiscal rule compliance and government 
efficiency was weaker (the regression line is less steep) in the 2003–07 period, in the so-called 
pre-global financial crisis (GFC) period. This reflects a relaxation of expenditure controls 
other than compliance with fiscal rules. The link seems to disappear after the sovereign debt 
crisis (the slope of the regression line is close to zero), between 2013 and 2015. However, 
the link between fiscal rule compliance and government efficiency seems to be strongest (the 
regression line is steepest) between 2008 and 2012, suggesting that countries that complied 
with rules during the GFC invested more efficiently. The weak association between fiscal rule 
compliance and government efficiency before and after the GFC, suggests that the increased 
correlation during the GFC may be driven by governments’ implementation of fiscal plans in 
response to the crisis. The corresponding increase in government efficiency is not causally 
related to fiscal rule compliance. This interpretation is consistent with the low level of compli-
ance in this period, where escape clauses were activated, such that compliance is unlikely to 
have had any impact during the crisis.

Table 7.3 lists the main findings of this exploratory work. There appears to be a link 
between fiscal discipline and government efficiency, whether fiscal discipline is assessed by 

Indicator Existence (all rules) Stringency* Compliance 

Sub-periods 2003–07 2008–12 2013–15 2003–07 2008–12 2013–15 2003–07 2008–12 2013–15

Intensity of 
the relation 
between 
fiscal 
discipline 
and 
government 
efficiency

+ ++ null + ++ not 
available + ++ null

Note: *data only between 2003 and 2014.

Source: Authors’ calculations.
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the existence of fiscal rules, their strength index or their compliance rate for the 34 countries 
in the study from 2003 to 2015. Analyses by sub-periods provide additional insights into the 
cyclical nature of this association.

6.  CONCLUSIONS AND AVENUES FOR FUTURE RESEARCH

This chapter provides an overview of fiscal performance, which can be measured by fiscal 
effectiveness or fiscal efficiency. The two definitions are not equivalent and should be 
discussed with caution. The link between fiscal rules and government efficiency has already 
been well studied in the literature, including through many empirical investigations. Although 
some studies have found otherwise, the general consensus is that fiscal rules have a positive 
effect on fiscal discipline and fiscal effectiveness.

This chapter offers some insight into the potential link between fiscal rules and government 
efficiency by investigating the correlation between the presence, strength and compliance rate 
of fiscal rules and a government efficiency index. The results do not support the existence of 
a strong relationship between fiscal rules and fiscal efficiency. The outcomes of the analyses 
depend on the indicator used to proxy fiscal rule performance, the period considered, and the 
types of fiscal rule included. The simple presence of fiscal rules seems to have had a positive 
impact on fiscal efficiency overall between 2003 and 2015 but the effect varies over time. The 
link between the stringency of fiscal rules and government efficiency seems to be stronger, 
with stricter fiscal rules being associated with higher government efficiency. Similar results 
are obtained for fiscal rule compliance but these vary between time periods: compliance 
with fiscal rules is weakly correlated with government efficiency before, and after the global 
financial crisis is highly correlated during the crisis. This may reflect the activation of release 
clauses and the low level of compliance in the crisis, as exemplified by the United Kingdom 
abandoning the golden rule in 2009.

In summary, the heterogeneity of the results and the weakness of the correlation coefficients 
obtained are inconsistent with a strong and obvious link. Nevertheless, these findings should 
be interpreted with caution. First, our analysis covers a mixed set of countries. Opposite trends 
may thus cancel out, such that no average effect is observed. At least three scenarios can be 
envisaged that would contribute to this effect:

(1)  In a country that is already rigorous and has sustainable public finances because of good 
fiscal policies, the adoption of and compliance with fiscal rules will not lead to any change 
since the government was already efficient in their absence.

(2) The opposite may also occur if countries adopt fiscal rules but choose to disregard their 
target and therefore fail to comply. Japan, for example, has never complied with its budget 
balance rule. The government’s behavior regarding fiscal discipline cannot be captured 
in such cases and fiscal rules are ineffective because the government may choose to 
temporarily ignore its commitment to fiscal discipline. Consequently, fiscal rules may not 
affect fiscal efficiency, which is poor due to government choices, despite the presence of 
fiscal rules.

(3) We only considered national fiscal rules but different levels could also have been con-
sidered. It is possible that subnational and supranational fiscal rules induce other effects 
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than those observed here. For example, Sow and Razafimahefa (2015) found a non-linear 
relationship between expenditure decentralization and fiscal efficiency. Sub-national 
fiscal rules may thus affect government efficiency since they may constrain sub-national 
public expenditure. Another possibility would have been to use Larch and Santacroce’s 
(2020) database, which covers supranational rule compliance and could be used to analyze 
the link between supranational fiscal rule compliance and government efficiency in EU 
economies.

These considerations lead us to recommend case studies of panels of countries with similar 
fiscal behaviors. This should ensure the true effects of fiscal rules are captured, independently 
of the fiscal context and government attitudes to their fiscal policy commitments.

Another valuable approach may be to investigate specific cases involving a strong change 
in fiscal behavior. The government efficiency index covers five-year periods so single-year 
changes in fiscal behavior cannot be observed, but an important change in government effi-
ciency index between two periods suggests that strong reforms were implemented leading to 
changes in fiscal behavior from one period to the next. If a fiscal rule has been adopted between 
these periods, these cases would be good candidates for empirical analysis, which should 
reveal whether and how the fiscal rule contributed to the change in government efficiency. 
Robustness checks could be conducted to observe if compliance with the rule or particular 
characteristics such as the fiscal rule’s strength increased its putative effect.

Finally, while the effect of fiscal rules on fiscal effectiveness appears to be positive on 
average and is easy to observe empirically, the relationship between fiscal rules and govern-
ment efficiency is not obvious. There is a large avenue for future research involving a careful 
selection of countries based on the relevance of their fiscal practices.
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APPENDICES

Table 7.A1 National rules included in the analysis

Country

Level of 
public 
finance

Constrained 
Public 

Finance 
Indicator

Targeted 
Value From To Additionnal details

Australia GG Δ BB 0 1985 1988

GG SB 0 1998  Structural balance 

Canada CG BB 0 1998 2005

Chile CG SB 1 2001 2007

CG SB [0.5; −2] 2008 Target in a range

Denmark GG SB −0.5 1992 2000

GG SB 0 2001 2013

Estonia GG BB 0 1993 2011

GG SB 0 2012

Finland CG SB [0;1] 1999 2013 1% between 2007–11
CG BB [−2.75; −2.5] 1999 2008 −2.75% between 

1999–2002
CG BB −1 2011

Germany CG OP 0 1969 2010

CG SB −0.35 2011

Hungary GG PB 0 2004 2009

GG Δ PB 0 2010 2011

CG PB 0 2009 2011

Israel

Japan CG OP 0 1990 2015

Mexico CG BB 0 2006 2008

CG OP [−1.1;0] 2009

New Zealand GG OP 0 1994

Poland GG BB [−0.09; -0.11] 2006 2007 Limit of 30 Bio. PLN
Portugal CG BB 0 2002

Spain GG BB [0;-2] 2003 2011 Limit depending on 
GDP growth

Sweden GG BB [1;2] 2000 1% since 2007

Switzerland CG SB 0 2003
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NOTES

1. See Kaufman et al. (2010) for additional information on the methodology and analytical issues.
2. One possible method is to estimate the structural balance by removing all cyclical components from the overall 

balance (Fatás and Mihov, 2003, 2006). This residual method considers the structural public balance as the residual 
of the public budget after checking the position of the cycle and excluding one-off elements. Although the concept 
of this approach, eliminating factors considered temporary, is clear, the method can be biased because the struc-
tural public balance is prone to measurement error and ‘noise’, and therefore varies depending on the calculation 
method used. Even the most robust econometric estimators cannot permanently contain volatility (Andersen, 
2013). Moreover, this method has a naïve bias because other variables such as inflation are disregarded. Another 
technical problem is that estimates of cyclical components require knowledge of the output gap (the difference 
between production and potential production). There is no consensus on the best approach to achieve this: tra-
ditional econometric filters such as Hodrick Prescott filters or the production function approach based on GDP, 
which uses full employment as the potential reference GDP (see Bouthevillain et al., 2001).

3.  The effectiveness of fiscal rules could also be measured by their effect on electoral cycles, see for instance Gootjes 
et al. (2019) or Eklou and Joanis (2019).

4. The 34 countries are: Australia, Austria, Belgium, Canada, Chile, Czech Republic, Denmark, Estonia, Finland, 
France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Latvia, Lithuania, Luxembourg, Mexico, 
Netherlands, New Zealand, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, the 
United Kingdom and the United States. South Korea and Turkey are not included because their data are not 
included in the IMF Fiscal rules database from which we retrieve fiscal rules data.

5. This index is time invariant by period.
6. For example: a country that had one expenditure rule (ER) in place every year in the range 2003–07 has an annual 

average number of ERs equal to 1 for that period. A country that had one ER in place for 3 years between 2003 
and 2007 has an annual average number of ERs of 0.6 for that period. Annual averages are calculated in the same 
way for each type of fiscal rule (expenditure rules, revenue rules, budget balance rules and debt rules), and the 
sum of all annual averages gives the total average number of fiscal rules.

Country

Level of 
public 
finance

Constrained 
Public 

Finance 
Indicator

Targeted 
Value From To Additionnal details

United 
Kingdom

GG OP 0 1997 2008 cyclically adjusted 
Operating Balance

GG Δ BB 0 2010

Notes: Δ means ‘annual change’. BB means nominal budget balance. PB means primary balance. SB means 
structural balance. OP means operating balance. GG means General Government. CG means Central Government.

Source: Lledó et al. (2017), Reuter (2019), including authors’ adjustments.

Table 7.A2  Correlation between the annual average of the number of fiscal rules and 
government efficiency

Period Correlation
2003–07 0.19
2008–12 0.47
2013–15 0.05

Source: Authors’ calculations.

Table 7.A1 (Continued)
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8. Pension spending efficiency
Boele Bonthuis1

1. INTRODUCTION

As the world’s population ages, striking the right balance between pension adequacy and fiscal 
sustainability is essential to achieving pension policy objectives while containing cost. As Barr 
and Diamond (2008) note, ‘. . . a key concern is to avoid implementing a system that costs 
more than is necessary to accomplish its objectives, and to balance the level of achievement 
of those objectives with the costs of achieving them’.

With declining fertility and rising life expectancy the world’s population is aging. Since 
1980 fertility has dropped by 30–50 percent in Africa, Asia, and Latin America and the 
Caribbean (Figure 8.1). Fertility rates in Oceania, Northern America and Europe have dropped 
by less but were already lower in the 1980s. At the same time life expectancy increased by 2 
to 5 years across all continents. This has meant that the old-age dependency ratio – the ratio 
reflecting the number of older people as a share of the working age population – has increased 
by more than 50 percent in Oceania, Northern America and Europe and even more than 
70 percent in Asia and Latin America and the Caribbean. Only Africa saw a minor increase of 
just 2 percent owing to high fertility rates and modest life expectancy gains.
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Figure 8.1  Fertility rates have fallen, life expectancy has increased leading to increasing 
old-age dependency ratios
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The rise in the old-age dependency ratio is likely to accelerate in the coming forty years. 
It is expected to increase by more than 50 percent in all continents while more than doubling 
in Asia and Latin America and the Caribbean. As Figure 8.1 shows, the driving force behind 
aging going forward is likely to be rising life expectancy rather than falling fertility, with the 
exception of Africa.

Population aging is one of the driving forces behind rising pension spending, putting pres-
sure on public finances. Pension spending in high-income countries makes up a large part of 
government expenditure and is the largest social spending item in many countries (OECD, 
2020a). On average, advanced economies spend around 7 percent of GDP on pensions. This 
figure drops to around 3 percent and 1 percent in middle- and low-income countries. In the next 
decade, pension spending is expected to rise by 0.7 percentage points in advanced economies, 
2.0 percentage points in middle-income economies and 0.7 percentage points in low-income 
developing countries (IMF, 2020).

At the same time the adequacy of pension benefits is still a concern in many countries. Old-
age poverty is widespread and coverage of pension systems insufficient in many middle- and 
low-income countries. And while coverage is generally high in high-income countries, relative 
old-age poverty is still high in many countries. Moreover, pension reforms of the last decades 
have led to lower replacement rates (EC, 2018; OECD, 2019b).

To strike the right balance between pension adequacy and fiscal sustainability, pension 
spending has to be efficient. In other words, for a given level of spending, the value derived 
by society from the pension system should be maximized while distortions minimized. More 
formally, we can define a benchmark efficiency frontier, identifying the minimum amount of 
spending feasible given the outcomes of the pension system. We can define the cost frontier 
as the minimum spending feasible c(yit, wit, β); given outcomes (yit), cost of inputs (wit) and 
coefficients (β); with a random error (vit), and a measure of cost inefficiency (ui) representing 
deviations from the frontier:

 β= + +ln(  ) c( , ),pension spending y w v uit it it it i

The cost of inputs reflects both the direct cost of benefits (that is benefit levels) as well as 
the cost to operate the system.

Efficient pension design depends on social and economic preferences and level of 
development. Pension policy objectives can be roughly divided into objectives related to 
insurance against longevity, consumption smoothing and poverty prevention. The degree 
to which countries want to and can achieve each objective differs. Therefore, a single-
most-efficient pension system does not exist. Efficiency can only be measured against 
varying objectives. Therefore, for the remainder of this chapter we define public pension 
spending to be efficient if coverage and benefit levels meet the policy objectives of the 
government without causing undue welfare losses, labor or capital market distortions or 
tax avoidance.

The remainder of the chapter is structured as follows. First, the objectives of pension 
systems are explained. Second, pension spending is compared to outcomes of the pension 
system. Third, pension design and design inefficiency are analyzed and in the last section 
we briefly conclude. Given the focus on the chapter on public pension spending efficiency, 
throughout the chapter, pension spending means public pension spending unless stated 
otherwise.
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2. OBJECTIVES OF PENSION SYSTEMS

Pension spending efficiency has to be defined relative to the social objectives of the pension 
system. Pension policy objectives can be roughly divided into objectives related to insurance 
against longevity, consumption smoothing and poverty prevention.2 All of these objectives 
represent some form of redistribution: redistribution over time and redistribution between 
people. However, redistribution for its own sake can be seen as an additional objective. 
Moreover, these objectives are often overlapping, for instance pension credits for unemploy-
ment spells redistribute to the unemployed and serve as a form of insurance, consumption 
smoothing and poverty prevention.

Objectives set for pension policy are by definition normative. There is no ‘right’ amount 
of consumption smoothing and there is no ‘right’ amount of redistribution. However, once 
objectives are set by policy makers, there are more and less efficient ways to achieve these 
objectives. The right pension design is therefore important to efficiently achieve these objectives.

Insurance against longevity is an important objective of pension systems. While average life 
expectancy for an entire cohort can be relatively precisely predicted, on an individual level it 
is impossible to predict exactly how long someone will live. This uncertainty has a profound 
impact on retirement planning. If individuals were unable to insure themselves against longev-
ity, they would either run significant risk of running out of funds before eventual death or 
they would need to keep substantial reserves to be ensured of income in the case of long life. 
Pension systems typically provide this kind of lifetime uncertainty insurance, whether pension 
systems are funded, in which case longevity insurance can be provided through annuities, or 
pay-as-you-go, in which case benefits are typically lifelong by definition.3

Consumption smoothing can be characterized as the goal of having a stable path of consump-
tion over someone’s life. Considering that most people wish to retire at some point in their 
lives, this means that income needs to be redistributed over the life cycle. This can either be 
done through voluntary private savings or through some form of mandatory pension system. 
Myopic behavior is often cited as an important reason behind mandating participation in a 
pension system.4 Diamond (1977) for instance suggests that a sizable fraction of American 
workers would not save enough in the absence of Social Security. Moreover, an individual’s 
understanding of complex decisions with long time horizons, like retirement planning, is likely 
to be imperfect (Barr, 2020). It should be noted that it is important to make a distinction between 
inadequacy of savings because of myopia or the inadequacy of savings due to a lack of resources 
(Kotlikoff, 1987); two issues that are often conflated because both lead to similar outcomes.

Preventing a lack of resources in old age is another important objective of pension systems. 
Some people will have low lifetime earnings and are therefore unable to sufficiently save for 
old age. Given the often lower capacity to work of older people, without adequate savings and 
without family or community support, they run the risk of falling into old-age poverty, absent 
of government intervention. Therefore, many countries have introduced elements in their 
pension systems that provide a minimum living standard for the elderly.

Relieving or preventing old-age poverty leads by definition to redistribution at old age; 
however, redistribution by itself can be a policy objective. Policy makers might want to reduce 
inequality at old age, they might want to compensate people for care activities or periods of 
unemployment during their working lives, provide some insurance against earnings variability 
or they simply want to acknowledge that certain elements of the cost of life at old age, such as 
health care and living expenses, are unrelated to lifetime earnings.
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3. SPENDING AND OUTCOMES

To assess how efficiently countries achieve their pension objectives, we plot public pension 
spending against variables reflecting the objectives. The poverty rate and poverty gap are 
taken to reflect the performance of the pension system in preventing poverty. Benefit levels 
are taken to assess the ability of the pension system to smooth consumption. And finally, 
beneficiary ratios, the number of benefit recipients as a share of the population of pensionable 
age, are taken as a prerequisite for all objectives. If few people receive any pension, poverty 
prevention, insurance against longevity and redistribution are by definition hard to achieve 
and consumption smoothing will be solely dependent on the savings behavior of individuals.

It should be noted that these simple correlations do not fully reflect spending efficiency. For 
instance, all else equal (that is, same average benefit levels, same retirement age, same GDP 
and so on), a country with an older population will logically spend more on pensions than a 
country with a younger population. Similarly, all else equal, a country with a higher retirement 
age will logically spend less on pensions than a country with a lower retirement age, provided 
that appropriate actuarial adjustments are made for early retirement. Therefore, while these 
scatterplots reflect where countries stand in terms of spending and outcomes, they are insuf-
ficiently detailed to provide a comprehensive assessment of spending efficiency.

3.1 Beneficiary Ratios

Pension beneficiary ratios, the share of people of pensionable age receiving a pension, differ 
significantly by country. Beneficiary ratios are low in most low-income countries, given the 
high levels of informality and the lack of social pensions or basic pensions with universal 
coverage. In Malawi, for instance, only 2.3 percent of the population of pensionable age 
(60 years) receive a pension (Figure 8.2). These are largely civil servants for whom pensions 
are more accessible.5 Conversely, beneficiary ratios in most high-income countries are (close 
to) 100 percent. However, some high-income countries stand out with beneficiary ratios 
significantly below 100 percent despite universal coverage of social pensions. For instance, 
Spain had a beneficiary ratio below 70 percent in 2014. One of the reasons for this is that 
women often do not receive an individual pension in Spain.6 The social pension is means 
tested on a household level, making a person ineligible if the income of a spouse is above the 
means-testing limit. Moreover, social pensions are disbursed on a household level as well. This 
means only one person in a household will receive the safety net. Therefore, while pension 
coverage in Spain is universal, pension receipt is not.7

There is a positive correlation between beneficiary ratios and pension spending but 
significant variability in spending at higher levels of the beneficiary ratio. Countries with low 
beneficiary ratios typically spend little as a share of GDP. No country with a beneficiary ratio 
below 20 percent spends more than 5 percent of GDP on pensions (see for instance, Malawi, 
Nigeria and Peru). Above that range, spending diverges quickly. On the one hand, there are 
countries spending well below 5 percent of GDP with higher beneficiary ratios (Chile, India, 
Kenya, South Africa, Thailand and Vietnam for instance). The reasons vary, but for most of 
these countries a relatively young population helps to keep pension spending as a share of GDP 
low and in many of these countries public pension benefit levels are relatively low. Finally, 
in more advanced countries, like Chile, private pensions are widespread with public pensions 
providing only top ups, keeping public spending relatively low. On the other hand, there are 
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countries with relatively low beneficiary ratios but relatively high spending. Many Balkan 
counties have relatively high spending because war-related pensions are included in spending 
but do not show up in beneficiary ratios (that is, the recipients are below the pensionable 
age). Or there are countries like Spain which have universal coverage and generous benefits 
but beneficiary ratios below 100 percent. For countries with close to 100 percent beneficiary 
ratios pension spending differs dramatically. One the one hand, countries like Guyana and 
Bolivia have residency based basic pensions which cover all pensioners, but benefit levels are 
relatively low and the population is still relatively young, keeping spending low. On the other 
hand, there are countries like France, which has a comparatively old population with relatively 
generous old-age benefits.

3.2 Poverty

Absolute poverty rates for those over 65 years of age, based on a poverty line of less than 
USD 1.90 per day, are negatively correlated with pension spending. Poverty rates for the 
population over the age of 65 range from more than 70 percent in Malawi to less than 1 percent 
in Brazil and Vietnam (Figure 8.3).8 And while relatively low pension spending can lead to 
a range of outcomes in terms of old-age poverty, very few countries that spend more have 
high poverty rates. However, it should be noted that Bolivia, Brazil, Peru and Vietnam have 
very similar poverty rates but spending ranges from less than 1 percent of GDP to more than 
10 percent of GDP. The reason why spending does not perfectly correlate with poverty is that 
pension spending is not targeted at the poor only, earnings-related pensions and pensions for 
specific occupations such as civil servants will increase pension spending but are unlikely to 
significantly influence old-age poverty. Moreover, old-age poverty depends crucially on other 
factors than just public spending, it depends for instance on household composition, whether 
people live in multigenerational households or not and on work history, whether the current 
old were already poor during their working lives or not.

Relative poverty rates might be more relevant for high-income countries and show a 
stronger correlation with pension spending. As standards of living rise, absolute old-age 
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poverty, defined as living on less than USD 1.90 a day, becomes less relevant in reflecting 
the risk of economic and social exclusion. Therefore, most high-income countries report 
relative old-age poverty instead, defined as those with income below half the national median 
equivalized household income. Using this poverty measure there is a stronger correlation 
with pension spending (Figure 8.4). Countries that spend relatively little report higher relative 
old-age poverty rates. For instance, China and Korea both have old-age poverty rates of around  
40 percent but spend less than 5 percent of GDP on pensions. Both countries have pension sys-
tems that have not fully matured yet, albeit to varying degrees. However, even countries with 
fully matured pension systems like Chile and the United States have relatively high old-age 
poverty rates (combined with relatively low spending), reflecting in part higher working age 
poverty and less generous pension systems compared to many European countries. Countries 
with low levels of relative old-age poverty vary in terms of spending. The Netherlands and 
Denmark spend less than 10 percent of GDP on public pensions, reflecting the large role 
private pensions play in both countries, while France spends close to 15 percent.

Poverty rates only reflect one aspect of poverty, apart from the share of people in poverty, 
it matters how poor these people are. In other words, it matters how far from the poverty 
line people are removed. This is called the poverty gap. For the World Bank definition of 
poverty there is no separate data on the poverty gap for people above the age of 65. However, 
the OECD reports data for those over the age of 65. It shows that, while poverty rates in 
Denmark and the Netherlands are similar, the poverty gap differs significantly. In Denmark, 
the elderly poor receive on average income that falls 10 percent short of the poverty line. In 
the Netherlands, the old-age poverty gap is close to 40 percent (Figure 8.5). For comparison, 
poverty gaps in Brazil, India and Korea are around 40 percent, albeit for a much larger share 
of the elderly population.
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Figure 8.5 Poverty gap

3.3 Benefit Levels

Not surprisingly, there is a clear positive correlation between benefit levels and spending, but 
again strong heteroskedasticity. Among countries for which the World Bank has data on social 
and contributory pension benefits, spending and average benefits (in purchasing power parity 
terms) are low in India, Kenya and Nigeria for instance (Figure 8.6). On the other hand, spend-
ing and average benefits are already a bit higher in Bolivia and China, both countries which 
expanded their pension coverage significantly in the last decades. Brazil stands out as one of 
the countries with spending at levels comparable to high-income countries and high benefits 
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compared to other low- and middle-income countries. However, in Figure 8.7, Brazil mainly 
stands out as having relatively high spending, while benefits are relatively low compared to 
high-income countries. For instance, the Czech Republic spends less as a share of GDP but has 
higher average benefits. Some countries that appear to have high benefits but relatively low 
spending (Netherlands and Switzerland) have significant private pension coverage, which is 
not included in pension spending but affects benefit levels. Parsing out private funded benefits 
from earnings-related benefits is not always possible. For instance, in Finland, earnings-related 
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Figure 8.6 Average pension transfer (World Bank definition)
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pension benefits are partially funded and partially pay-as-you-go, the accrual phase is largely 
decentralized and managed by company or industry pension funds; at retirement, pension 
benefits are disbursed by the pension fund of the last employer and the transfer of funds 
between pension funds is coordinated by a public entity. All of this spending is included in 
the pension spending measure in this chapter, therefore, excluding earnings-related pension 
benefits would distort the true picture.

3.4 Efficiency Frontier

To truly assess pension spending efficiency, all outcomes should be tested against spending at 
once. As described in the introduction, this can be expressed as:

 β= + +ln(  ) c( , ),pension spending y w v uit it it it i

in which yit would reflect old-age poverty rates, old-age poverty gaps, beneficiary ratios and 
benefit ratios, wit would reflect cost of running the system, benefit levels but also demograph-
ics, which reflect the cost of achieving the stated pension objectives given demographics (that 
is, it is more costly to reduce old-age poverty in an older population than in a younger one).

In the Appendix the estimation of pension spending efficiency is presented, using the 
stochastic frontier model for panel data developed by Belotti et al. (2013). It shows that only 
a very small share of spending is estimated to be inefficient for countries with OECD data. 
One of the reasons is that this approach quickly runs into perfect collinearity issues. To show 
this more precisely, pension spending can be rewritten to reflect pension outcomes directly:
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The pension spending identity already reflects the different policy targets of a pension 
system. Policy makers will try to minimize the poverty depth and poverty rate while trying 
to maximize the coverage ratio and (within reasonable levels) the benefit ratio. However, 
doing so will directly affect spending. Every dollar not spent on benefits for the non-poor can 
either be saved (spending will go down proportionally) or be spent on the poor or those not 
yet covered (spending will stay the same). Since the main policy variables are reflected in 
the last expression it does not leave anything to estimate. This pension spending identity can 
decompose the effect of higher spending into the different objectives, but this merely reflects 
choices between objectives rather than spending efficiency.
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In this sense, the assessment of efficiency of pension spending is different than for 
instance education spending efficiency. In education, spending is channeled through teach-
ers’ salaries, school supplies and purchase of services, which leads to certain education 
outcomes, like literacy rates or PISA scores.9 In this case spending on teachers’ salaries is 
therefore a means to an end rather than the goal itself. With pension spending, the distinction 
is less clear. The goal is to provide a pension benefit which is the direct outcome of pension 
spending. In this case spending is the outcome. This makes frontier analysis of pension 
spending problematic.

The fact that the spending identity reflects most of the policy targets does not mean there is 
nothing left to choose as policy makers. There are clear trade-offs between different targets. 
For instance, countries with low coverage of the general population but high benefits for civil 
servants could potentially cover more people if civil servant benefits are lowered. Generally, 
keeping the spending constant in the spending identity, poverty can be reduced and coverage 
increased by lowering benefits of the non-poor. Raising the retirement age – and therefore low-
ering the effective old-age dependency ratio – allows for an increase in benefits or an increase 
in coverage. However, given the trend in demographics, raising the retirement age is likely to 
merely offset some of the additional required spending to keep benefits and coverage constant.

3.5 Administrative Cost

Administrative cost of a pension system, one aspect of efficiency, is not reflected in the spend-
ing identity. One of the earliest international comparisons by Mitchell et al. (1993) shows that 
(broadly defined) costs vary widely between countries, from 1 percent of benefit expenditure 
in Norway to 131 percent in Peru in the late 1980s. More recently, Sluchynsky (2015) shows 
that there is still considerable heterogeneity among countries in terms of administrative cost of 
pension systems. However, the range has narrowed.10 Generally, administrative costs exhibit 
economies of scale (that is, cost per beneficiary falls with rising number of beneficiaries), 
with benefit management dwarfing contribution collection in terms of cost. Schemes that 
require management of assets have higher costs on average, most likely due to increased need 
for skills and more complex organizational structures. Finally, there is a clear link between 
administrative cost and the level of development in a country, with more developed countries 
benefiting from lower administrative costs due to better technologies, infrastructure and 
institutions. However, even among developed countries there is wide variability. In Finland, 
for instance, administrative cost amounts to 1.7 percent of disbursed pension benefits, most 
likely because of the relatively complexity of the Finnish pension system with a hybrid funded/
pay-as-you-go and private/public management.11 In the United States, in which pensions are 
centrally managed the cost of social security is lower at 0.6 percent of total pension benefits.12 
Finally, in the Netherlands, the cost of operating the basic pension amounts to 0.3 percent of 
disbursed pensions.13 However, the cost of running the large number of funded defined benefit 
schemes in the Netherlands is much higher.

Generally, systems with lower administrative costs are considered more efficient. However, 
there are some trade-offs to be made. Simpler systems (like basic pensions) are cheaper to 
operate, however, they are more costly on the aggregate because of a lack of targeting. More 
complicated systems (like hybrid funded/pay-as-you-go and private/public management) are 
more costly to operate but allow for more targeting, more diversification and potentially more 
accountability.
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4. PENSION SYSTEM DESIGN

Pension systems often contain a combination of distinct components to achieve the above-
mentioned objectives. Following the OECD (2019a) pension components can be categorized 
into three distinct tiers. A first tier provides a minimum level of protection at old age, a manda-
tory earnings-related second tier aims to replace a share of pre-retirement income and finally a 
voluntary third tier of private pensions allows for individual retirement savings.

Some types of pension components are naturally more suitable to achieve certain objec-
tives than others within the given constraints. Naturally, first tier pensions are more adept at 
preventing poverty and providing redistribution, earnings-related pensions provide income 
smoothing, which is closely linked to consumption smoothing and finally voluntary pensions 
provide an option to tailor retirement provisions to individual preferences. All of them provide 
insurance against longevity in different forms with the exception of funded defined contribu-
tion pensions taken as lump sums or programmed withdrawals with a short horizon.

The suitability of specific pension components depends on a country’s characteristics. 
Regardless of the stated objectives of pension system design in a country, the size of the 
informal sector, the administrative capacity of the government, the maturity of the financial 
system and the level of development more generally are important determinants for the 
suitability of pension components. There is therefore no one-size-fits-all recipe for achieving 
pension objectives.

Moreover, pension system design is constrained by other factors as the pension system does 
not operate in a vacuum. Pension system design can be distortive. For instance, benefits that are 
not related to contributions can diminish labor supply incentives. On the other hand, pension 
contributions are part of the total tax wedge and therefore potentially distortive by nature. 
Because of the long lag between payment of contribution and receipt of benefits, contributions 
are often perceived as taxes even in pure defined contribution systems.

While some components are more suitable to achieve certain objectives, it should be noted 
only the entirety of the system will provide the relevant information to assess each objective. 
For instance, in countries with widespread labor force participation, the earnings-related pen-
sion already functions as a significant old-age poverty reduction mechanism. This will have 
an influence on the appropriate design of the first tier. Conversely, weak formal labor markets 
influence the viability of any mandatory earnings-related pension; therefore, social pensions 
or basic pensions in combination with voluntary private pensions for those that can afford it, 
might, in addition to their objective of old-age poverty prevention, serve as the main (albeit 
imperfect) consumption smoothing instruments.

4.1 Pension Design and Objectives

4.1.1 Preventing old-age poverty
Many countries have means-tested social pensions providing a minimum level of protection. 
Someone with no income typically receives the full social pension benefit, while the amount of 
the benefit is reduced in case of low but positive income or assets (that is, withdrawn against 
income or assets, for a detailed discussion of means testing see Chapter 14).14 Social pensions 
are efficient at targeting the poor at relatively low cost compared to flat rate benefits. Social 
pensions specifically target poor pensioners since they are means tested. This means that, 
depending on the accuracy of the targeting, most funds will end up at poor households.
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Residency based basic pensions, on the other hand, either pay a fixed amount to everyone 
who lives or has lived in the country or they pay an amount based on the number of years of 
residency. If the benefit level is set appropriately, basic pensions can be a powerful tool to 
prevent old-age poverty. Almost one in five OECD countries have a residency based basic 
pension. However, basic pensions are also gaining a foothold in developing and emerging 
economies.15

One drawback is that residency based basic pensions are not targeted and therefore cost 
more at the same level of benefits than a means-tested social pension. For instance, the full 
benefit level of the means-tested social pension in Belgium is similar to the benefit level of the 
basic pension in the Netherlands (28 percent and 29 percent of the average wage, respectively; 
OECD, 2019a). However, in Belgium only 5 percent of the population of pensionable age 
received a (partial) safety-net benefit compared to more than 100 percent in the Netherlands 
(with more than 80 percent receiving the full benefit).16 This meant that, in 2017, Belgium 
spent a little over 0.1 percent of GDP on the social pension while the Netherlands spent 5.1 
percent of GDP on the basic pension. However, even if benefits are flat, they can be partially 
clawed back through progressive taxation.

Contribution based basic pensions work in a similar way to residency based basic pensions 
but are only available to those who paid pension contributions. Contribution based basic pen-
sions can therefore only reduce old-age poverty and redistribute among those with a working 
history. Strict eligibility requirements, like high minimum years of contributions to receive 
a basic pension (30 years in the Czech Republic for instance), diminish the effectiveness at 
reducing poverty.

Contributory minimum pensions promise a minimum benefit for those who meet the 
eligibility criteria for an earnings-related pension but have low entitlements. These pensions 
function in a similar way as social pensions, that is, they top up benefits to a certain level. 
However, contrary to social pensions, eligibility depends on a contribution history, which is 
akin to a contributory basic pension. Like contribution based basic pensions, minimum pen-
sions can only reduce old-age poverty among those with a working history. Unless (formal) 
labor force participation is near universal, these people are unlikely to be the poorest pension-
ers. Moreover, since many countries with minimum pensions have relatively strict minimum 
eligibility requirements, they are also unlikely to be effective at targeting the working poor.17

Generally, earnings-related pensions are less adept at preventing old-age poverty than first-
tier pensions. But mandatory earnings-related pensions play a role in reducing poverty if, in the 
absence of these pensions, people would save insufficiently for retirement. Myopic behavior 
would indeed suggest that this is a risk, which is often cited as an important reason to mandate 
pension participation. However, earnings-related pensions only reduce poverty for those with 
a working history. Depending on the generosity of the scheme, pay-as-you-go defined benefit 
schemes can provide poverty relief for people with low lifetime earnings. However, this would 
mean that there needs to be significant redistribution within the scheme or that accrual rates 
need to be high, which is likely to result in fiscal sustainability issues.18

4.1.2 Consumption smoothing
While all pensions serving as a minimum level of protection allow for some consumption 
smoothing, most provide a minimum level of consumption, rather than smoothing per se. 
Replacement rates from social pensions and residency based basic pensions alone will differ 
substantially depending on the level of last earnings.19 Therefore, these pensions alone are 
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unlikely to provide effective consumption smoothing for all income levels in the absence of 
entitlements to earnings-related pensions.

Benefits in earnings-related pension schemes are based on an individual’s earnings history. 
However, the way earnings translate into pension benefits differs widely among different 
schemes. Roughly speaking, earnings-related pensions can either be defined benefit, promis-
ing a certain pension benefit based on a predetermined pension formula; or defined contribu-
tions, in which contributions are predetermined but benefits not. Furthermore, earnings-related 
pensions can either be funded, benefits are backed by underlying assets, or financed on a 
pay-as-you-go basis, contributions of the working population pay for benefits of the old. 
However, in some countries the distinction between these four options is not clear cut and 
earnings-related pension systems have grown to be of some hybrid form.

An often-heard figure from financial advisers is that retirement income should replace 
70 percent of pre-retirement income to provide adequate income smoothing (Biggs and 
Springstead, 2008).20 However, income smoothing is not the same as consumption smoothing. 
Consumption smoothing is likely to require different replacement rates for different earnings 
levels. The 70 percent income replacement figure is a benchmark for an average earner. 
Someone who earns less will likely need a higher replacement rate to achieve true consumption 
smoothing. While retirement reduces some cost of living, like the cost of raising children, 
commuting, work clothing; other costs will remain constant, like cost of food; and some costs 
are likely to even increase, like medical expenses. Since low earners typically spend a larger 
share of their income on necessities, and since health and income correlate, this will mean that 
low earners will need a larger share of their income replaced than high earners. It also means 
that optimal replacement rates are dependent on the generosity of other components of the 
social policy landscape in a country. Myers (1993) reports that replacement rates for the lowest 
earners in the United States would need to be close to 90 percent while high earners need 
60 percent to smooth consumption rather than the 70 percent for average earners. Therefore, 
to achieve similar consumption smoothing for different income groups, either redistribution 
or higher private savings for low earners is needed.

Earnings replacement through mandatory pension systems is only one way to reach the 
necessary income replacement to achieve consumption smoothing. As noted earlier in the chap-
ter, there are good reasons to believe individuals would not save enough to achieve adequate 
income in old age, making it necessary to mandate participation in the formal pension system. 
However, this does not necessarily imply that the mandatory pension system should provide 
the full replacement rate needed to achieve consumption smoothing. Depending on economic 
preferences in countries, policy makers can choose to leave achieving part of consumption 
smoothing to the individual. In New Zealand for instance, the basic pension provides a replace-
ment rate of around 80 percent for someone earning half the average wage. Taking Myers’ 
optimal replacement rates for low earners as a benchmark, this would leave around 10 percent 
replacement to be achieved through voluntary pension arrangements. For average wage earners 
this would rise to 30 percent.21

4.1.3 Longevity insurance
All pension types serve as longevity insurance with the exception of some funded arrange-
ments. Most mandatory pension schemes provide pension benefits for life. However, depend-
ing on the choice of payout, funded pension arrangements might not insure against longevity. 
Lump-sum payments and phased withdrawal leave the individual with the risk of running out 
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of assets before passing away. Phased withdrawal can minimize this risk by choosing suf-
ficiently long horizons, but this would be equivalent to holding large reserves of precautionary 
savings, compromising the consumption smoothing objective of pensions.

4.2 Prerequisites

Even though different pension components have their innate strengths and weaknesses to 
deliver on pension objectives, not all types of pensions are suitable in all countries.

The successful implementation of means-tested social pensions depends crucially on accu-
rate identification of the poor, accurate identification of other sources of income and a reliable 
delivery system for benefits. Social pensions therefore require a certain level of administrative 
capacity which is often lacking in lower income countries.

The implementation and operation of a residency based basic pension requires less admin-
istrative capacity than for a social pension. Residency based basic pensions do not require 
income information, since eligibility depends only on age, citizenship and/or residency. A citi-
zens’ registry and a delivery system are still needed but socio-economic data is not necessary. 
Administrative capacity needed and administrative cost are therefore likely lower compared 
to a social pension.22 However, inadequate registries may make even relatively simple basic 
pensions difficult to efficiently administer. A common problem, in this regard, is the lack of 
reliable death registries and the consequent issue of ‘ghost beneficiaries’.

Administrative capacity requirements for universal earnings-related pensions are high. 
While socio-economic data for purely earning-related pensions is not needed. A well-function-
ing employment history record, a contribution collection system and a benefit disbursement 
system are needed. This means that widescale use of an earnings-related pension systems is 
more viable in countries with a large formal sector and sufficient administrative capacity. 
Moreover, for funded pension systems a well-functioning financial sector is indispensable.

Finally, low administrative capacity can result in low compliance or uptake. Revenue 
administration and enforcement constraints may also lead to inefficiencies. For instance, 
the inability to uniformly enforce contribution compliance may lead to higher contributions 
collected from compliant groups or general revenue financing, the latter implying unintended 
net taxes or net transfers from/to various income groups driven by the differences across tax 
and benefit incidences. Lack of information or the means of applying for or accessing benefits 
may also compromise the efficiency of pension scheme designs.

4.3 Design Inefficiencies

Even when all requirements are met to implement a certain pension system, policy makers 
should carefully consider unintended consequences of pension design. For instance, the 
generosity of social pensions can diminish incentives for compliance with contributory scheme 
rules. The design of these pensions may weaken incentives to fully participate in the pension 
system or to correctly report contribution-liable earnings. This may lead to both fiscal sustain-
ability and equity issues when benefits are viewed as net transfers and eligibility is difficult 
to effectively control.

The rate at which the social pension benefit is withdrawn against other income has important 
implications for the targeting of the system and potential labor supply effects. While social 
pensions that are fully withdrawn against other income allow for precise targeting, this can 
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lead to reduced incentives to contribute for people with low pension entitlement. After all, for 
every dollar of additional own pension the social pension benefit is reduced by one dollar. 
Withdrawing the social pension more slowly against own income can enhance incentives to 
contribute to earnings-related pensions but reduce targeting.

In the most extreme case, benefits are not reduced against other income at all, as is the case 
with residency based basic pensions. Since basic pensions are available to all, they are unlikely 
to significantly affect labor supply incentives.23 Working longer and accruing more earnings-
related pension entitlements or saving more will not influence the level of benefits received 
from the basic pension. However, similar to the social pension, the generosity of basic pension 
can diminish incentives for compliance with contributory scheme rules.

A contributory based basic pension or minimum pension that does not lead to extra entitle-
ments for additional years of service also potentially distorts labor incentives. For instance, 
in the Bahamas, for those with more than 10 years of contributions but with earnings-related 
entitlements below the minimum pension, there is little incentive to contribute additional years 
since benefits will not increase.

Final salary schemes or less than full career average earnings are likely to cause unintended 
redistribution and weaken the link between contributions and benefits. Final salary schemes, 
which were often a reflection of civil service scheme rules aiming to reward loyalty and long 
service time, link pension benefits to end-of-career earnings. Final salary schemes can intro-
duce unintended and unwarranted redistribution between people. Those with steep earnings 
profiles benefit from final salary schemes, while those with flat profiles are hurt by final salary 
schemes. These schemes can also provide incentives for end-of-career promotions and salary 
increases unrelated to performance, adding further upward pressure on pension spending.

Inefficiencies in earning-related pay-as-you-go schemes can arise if target benefit levels 
are unsupported by contribution rates and other pension system parameters. While notional 
defined contribution systems and most point systems are specifically designed to maintain 
a strong link between contributions and benefits, in defined benefit systems a divergence 
between contributions and benefits can easily arise.

In general, the unwarranted special treatment of certain occupations can lead to inefficiencies. 
Typical cases include the army, civil servants, judges, prosecutors and hazardous occupations 
(miners, industrial workers, but also, for instance, teachers). These special regimes often are 
disproportionally generous, especially compared to the total contributions paid. Historically, 
some of these easements in the case of hazardous work were warranted by working conditions. 
However, many of these jobs have gradually become easier and safer (or simply ceased to 
exist) without adjustment to pension rules. Moreover, special regimes for certain occupations 
are often arbitrary and can lead to unintended sorting into these occupations.

Some groups, like farmers, the self-employed or employees of small enterprises, might be 
excluded from the mandatory earnings-related pensions. Such exclusions may be driven by 
either pension policy objectives or by recognized capacity constraints to ensure compliance. 
Either way, groups excluded from mandatory pension contributions are less likely to save or 
contribute voluntarily (if provisions are in place to do so), often leading to inadequate pension 
income. Public schemes operating at a deficit can make these problems worse by requiring 
partial general revenue financing, using taxes that are also paid by people excluded from 
mandatory public pension schemes.

Similarly, exempting certain types and brackets of labor income from the contribution base 
can lead to inefficiencies. Civil servants’ pay often includes non-pensionable items, sometimes 
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included to reduce the governments’ labor costs and future pension obligations. However, this 
can weaken the effectiveness of public sector wage setting and can significantly distort the 
distribution of pension benefits. The use of lower contribution thresholds, often intended to 
encourage labor supply among new labor market entrants and low wage workers, can under-
mine coverage expansion and can have unintended redistributive consequences if reflected in 
inadequate pension benefits in retirement. Conversely, contribution and benefit ceilings can 
serve to reflect the fact that high earners have an enhanced capacity to save and likely need 
lower replacement rates for consumption smoothing and are therefore less problematic if set 
sufficiently high.

Disability pensions are usually the second or third largest pension expenditure item after 
old-age pensions and sometimes survivor benefits. Inefficiencies can arise from an outdated 
definition of disability, little focus on reintegration and poor control over disability pension 
uptake. Inefficiencies may result from both design and implementation issues. Design 
shortcomings are often related to using only a medical definition of disability without looking 
at the person’s remaining capacity to work and failing to pay sufficient attention to measures 
promoting reintegration into the labor market. From an implementation perspective, the main 
issues are poor control over inflow and the difficulty of and limited support for re-entry into 
the labor market. Well-designed training programs, regular reassessments, anti-discrimination 
policies and flexible forms of employment can help to reduce benefit uptake and assist people 
to live an economically independent life.

Finally, expansive eligibility for survivor pensions can lead to inefficiencies. Survivor 
pensions are usually paid to surviving spouses, direct descendants and sometimes ascendants. 
While survivor pensions play an important role in providing financial support for those that 
cannot adjust their labor supply, eligibility is sometimes extended to relatives or to working 
age survivors irrespective of their long-run labor market prospects. Loose eligibility rules not 
only generate additional spending pressures but also negatively impact labor supply decisions. 
Moreover, survivor pension design often leads to unintended redistribution; from singles to 
couples, from couples with small age differences to couples with large age differences and, 
if means testing is in place, from dual earner couples to single earner couples (OECD, 2018).

5. CONCLUSION

With declining fertility and rising life expectancy the world’s population is aging. The rise in 
the old-age dependency ratio is likely to accelerate in the coming forty years. Population aging 
is one of the driving forces of rising pension spending, putting pressure on public finances. At 
the same time the adequacy of pension benefits is still a concern in many countries.

To strike the right balance between pension adequacy and fiscal sustainability, pension 
spending has to be efficient. Public pension spending is efficient if coverage and benefit levels 
meet the policy objectives of the government without causing undue welfare losses, labor or 
capital market distortions, or tax avoidance.

However, efficient pension design depends on social and economic preferences and levels 
of development. Pension policy objectives can be roughly divided into objectives related to 
insurance against longevity, consumption smoothing and poverty prevention. The degrees 
to which societies want to achieve each objective differ. Moreover, the ability of societies to 
achieve these objectives differs significantly too.



Pension spending efficiency  193

Pension systems often contain a combination of distinct components to achieve the 
above-mentioned objectives. A first tier provides a minimum level of protection at old age, a 
mandatory earnings-related second tier aims to replace a share of pre-retirement income and 
finally a voluntary third tier of private pension plans allows for individual retirement savings.

Some types of pension components are naturally more suitable to achieve certain objec-
tives than others within the given constraints. Naturally, first tier pensions are more adept at 
preventing poverty and providing redistribution, earnings-related pensions can easily provide 
consumption smoothing with defined benefit systems being able to redistribute as well, and 
finally voluntary pensions provide mainly consumption smoothing. All of them provide insur-
ance against longevity in different forms unless the taking of lump sums is permitted.

The suitability of specific pension components depends on a country’s characteristics. 
Regardless of the stated objectives of pension system design in a country, the size of the informal 
sector, the administrative capacity of the government, the maturity of the financial system and 
the level of development more generally are important determinants for the suitability of pension 
components. There is therefore no one-size-fits-all recipe for achieving pension objectives.
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APPENDIX

A parametric approach quickly runs into perfect collinearity issues. While all outcomes 
can be tested against spending at once and corrections can be made for the structure of the 
population, the more detailed the spending efficiency estimation, the closer to ‘estimating’ an 
identity it becomes. For instance, using the stochastic frontier model for panel data developed 
by Belotti et al. (2013) spending efficiency can be estimated based on the old-age dependency 
ratio (AOD), the poverty rate (Povr), the poverty gap (Povg), average benefits as share of 
average income (b), not available for all countries, and the average labor market exit age 
(LM exit age):24

 
α β β β

β β
= + + +

+ + +
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v and u represent an error term and a strictly positive inefficiency term. Using this equation an 
estimate of cost efficiency can be made:

 = −  *exp( ( | ))Efficient spending pension spending E u vit it  

Running the above estimation shows that only a very small share of spending is estimated 
to be inefficient for countries with OECD data (Figure 8.8). For countries with only World 
Bank data the estimated efficiency is slightly lower but a crucial explanatory variable (average 
benefits) is missing.
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The assessment of efficiency of pension spending through a parametric approach does not 
seem to have much added value as the chosen variables almost perfectly explain spending. 
Most countries have close to 100 percent spending efficiency and, for those that do not, there 
is a clear lack of data, explaining the deficiency. Even for countries with close to 100 percent 
efficiency the small inefficiency is likely explained by a slight mismatch between the chosen 
variables and what they are meant to represent. For instance, the old-age dependency ratio 
is meant to represent the age range of those in retirement versus the age range of those in 
employment. And while the majority of those in retirement in most countries are likely to be 
older than 65 it is not a perfect match. Moreover, poverty rates reflect poverty from all income 
sources, not just public pensions.

NOTES

 1. The views expressed in this chapter are those of the author(s) and do not necessarily represent the views of the 
IMF, its Executive Board or IMF management.

 2. For a detailed discussion see Barr and Diamond (2008).
  3.  Benefits in pay-as-you-go systems are technically annuities too, since an annuity is nothing more than the promise 

to pay a certain amount for life.
 4. Mandatory pension participation is not only to ensure consumption smoothing but also to facilitate insurance 

against longevity, poverty prevention and redistribution. Of which the latter two can only be achieved through 
some form of government intervention.

 5. Plans are in place to expand pension coverage with the introduction of the 2011 pension act to make pension 
contributions  to  individual accounts mandatory for private sector workers  (in companies with more  than five 
employees) and young/new civil servants. However, this is unlikely to expand coverage significantly given the 
size of the informal sector and the average firm size in Malawi. According to the ILO, informal employment 
amounted to more than 80 percent in Malawi in 2013. According to the UNDP around 1 million people were 
employed in firms with less than five employees in 2012.

 6. The gender gap in incidence of receiving an own pension in Spain was 21 percent in 2014 (Lis and Bonthuis, 2019).
 7. Moreover, Spain is, in Europe, a popular destination for retirees from other countries, these retirees are unlikely 

to report receiving a pension from Spain while they might show up in population statistics if they are permanent 
residents.

 8. Poverty rates for the population over 65 years of age are not available for all countries.
 9. OECD’s Programme for International Student Assessment
10.  It should be noted that the definition of cost is not the same between Mitchell et al. (1993) and Sluchynsky (2015).
11. Source: ETK, Finnish Centre for Pensions.
12. Source: Social Security Administration.
13. Source: Sociale Verzekerings bank.
14. The rate at which it is reduced varies by country and sometimes even within a country for different old-age safety nets.
15. Botswana introduced a basic pension in 1996. It provides a monthly pension to every resident citizen over the age 

of 65 with a valid national identity card. Given the relatively limited qualifying conditions, it is estimated that 
close to 100 percent of those over 65 receive the basic pension.

16.  The basic pension is payable abroad which leads to a beneficiary ratio of more than 100 percent (of the population 
of pensionable age residing in the Netherlands).

17. Minimum pensions seem to function in many countries as an incentive for longer contribution histories. In these 
countries, their main objective therefore seems to be to counteract some of the potential negative labor supply 
effects of mandatory pension contributions.

18.  In theory this could be possible in notional defined contribution schemes (high notional interest rate) and point 
systems (high pension point value) too. However, in reality this is unlikely since notional defined contribution 
and point systems are typically designed with fiscal sustainability in mind.

19. Among OECD countries an average earner will at best receive a replacement rate of 40 percent in New Zealand 
from the basic pension (OECD, 2019a).

20.  To put  this  in perspective,  the ILO in its Invalidity, Old-Age and Survivors’ Benefits Convention stipulates a 
replacement rate of 45 percent after 30 years of contribution.

21.  New Zealand provides fiscally attractive voluntary pension arrangements through its KiwiSaver scheme that can 
provide the additional consumption smoothing.
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9.   Public−private partnerships, fiscal risks  
and efficiency1

Gerd Schwartz, Özlem Aydin, Rui Monteiro, and Isabel Rial

1. WHAT ARE PPPs?

Public-Private Partnerships (subsequently called PPPs or PPP projects) are projects that 
are governed by a long-term contract between a government and a private company that covers 
both investment and service provision. In a PPP, the private company makes an investment in 
an asset and uses it to provide services to the government or the public, while usually being 
required to satisfy a set of performance criteria (see IMF 2021). The legal definitions of what 
constitutes a PPP may differ from country to country, but the economic performance 
of PPPs, including their efficiency, can be assessed independent of the legal definition a 
country uses. 

Infrastructure projects in the form of PPPs have a long history, although details are 
often scarce. For example, Egypt’s Giza Pyramids are said to have been built as PPPs, and the 
Roman Empire used PPPs extensively, particularly for urban utilities. Some earlier PPPs were 
based on emphyteutic leases, which are Roman law contracts that are still in use today (for 
example, in France). Bezançon (2004) describes how PPPs have been used over the centuries 
in France, including for most bridges in Paris and some other large infrastructure projects 
(including the Canal du Midi and the first Paris Metro lines). Mata (1999, 2002) provides 
evidence on nineteenth century Portuguese PPPs, including railways, trams, ports, roads and 
prisons. Similarly, Roberts (2010) describes historical projects in the United States, and de 
Vries (2013) discusses them in the Netherlands and United Kingdom. PPPs gained popularity 
in the last decade of the twentieth century, mostly as a result of tight budget constraints and 
theoretical arguments for increased public procurement efficiency. Some countries, both 
in Europe and elsewhere, have been particularly heavy users of PPPs (for example, Chile, 
Colombia, India, Portugal, South Korea and the United Kingdom).

PPPs procure public infrastructure with private financing and bring in private 
management to provide infrastructure services to the public. PPPs contrast with traditional 
public procurement, which uses public financing and management. A main argument in favor 
of PPPs has been that, under certain circumstances, they are more efficient than traditional 
procurement. There are two basic types of PPP assets (for example, roads, ports, schools, 
hospitals): government funded and user funded. With the former, the government provides 
pre-agreed payments to the private sector to make the asset available (availability payments) 
or it pays depending on the volume of services provided. With the latter, the assets are funded 
by user fees, although the government may still subsidize the user fees or the investment, 
or it may guarantee the private partner’s debt or revenue. Combinations of the two funding 
arrangements are also possible.2
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2. PPPs AND EFFICIENCY—CONCEPTUAL ISSUES

Infrastructure efficiency refers to creating infrastructure with the highest possible net 
value for the public. Efficiency in public infrastructure is not simply spending the least to 
obtain a certain infrastructure volume or extracting the most from a certain amount of public 
resources. Infrastructure efficiency means that governments should use their scarce resources 
efficiently (that is, public spending efficiency), spending them on infrastructure assets and 
services that benefit society the most (that is, economic efficiency). PPPs, as vehicles for 
procuring public infrastructure, must meet both criteria, that is, public spending efficiency 
and economic efficiency.3

The potential efficiency gains from PPPs are closely associated with having in place 
good PPP contracts and strong infrastructure governance. PPPs, with their use of private 
sector capital, knowhow and management to create infrastructure assets and provide infra-
structure services, can increase infrastructure efficiency only under certain conditions. More 
specifically, reaping the potential benefits from PPPs requires:

• PPP contracts with well-designed risk allocation and management provisions. 
PPP contracts are highly complex, long-term agreements (which may run for 25 years 
or more) between the public sector and one or more private sector counterparts. These 
contracts cover design, construction or rehabilitation and maintenance of the fixed PPP 
asset, and, sometimes, its operation by the private partner. They also cover payment 
agreements, quality standards and performance criteria, and set out responsibilities for 
managing the asset and bearing contract-related risks throughout the contract’s life. 
Even well-designed and managed PPPs present considerable challenges for govern-
ments due to their long-term nature and complex risk sharing and allocation agreements.

• Strong infrastructure governance to ensure that PPPs are used for the right rea-
sons and that PPP design, implementation and management follow best practice. 
PPPs usually require lower initial public-sector spending as they tap into private-sector 
capital. This can tempt policy makers. Yet, the initial lower fiscal costs can easily come 
at the expense of much higher future fiscal costs, possible risks to fiscal sustainability 
and lower overall efficiency. This is the case because PPPs come with additional fiscal 
risks that can adversely impact future public finances when they materialize. Therefore, 
selecting the right projects to be executed as PPPs, as well as negotiating and managing 
PPP contracts, require strong infrastructure governance.

What are the key sources of efficiency gains in PPPs, and what are the challenges for 
reaping these gains and locking them in? The next sections discuss different aspects of 
efficiency related to PPPs, focusing on issues related to fiscal risk and fiscal sustainability.

2.1 Efficiency and Contract Design

Well-designed PPPs are based on contracts that encourage a life-cycle approach toward 
infrastructure assets.4 In theory, the life-cycle approach helps to lock in efficiency gains. 
In contrast to traditional procurement, PPPs bind the public and private partners into a 
long-term contract that bundles infrastructure financing, design, construction, operation and 
maintenance. Such bundling in the context of a long-term contract can create strong incentives 
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for the private partner to build and manage the asset efficiently, complying with performance 
criteria during the whole contract period while maximizing investment returns. Since the 
private partner will operate and maintain the infrastructure asset, it has an incentive to design, 
build and maintain it to minimize life-cycle costs and maximize efficiency. No such built-in 
life-cycle incentives exist for traditional public procurement.

Key potential efficiency gains in PPPs relate to better and less expensive maintenance 
spending. Many countries neglect maintenance spending for infrastructure, given a political 
bias in favor of new projects that adversely affects the value of existing infrastructure assets 
(Box 9.1). The PPP life-cycle approach helps eliminate inadequate maintenance, as it is in 
the interest of the private partner to maintain the asset so as to reduce life-cycle costs while 
safeguarding performance.

BOX 9.1. THE IMPORTANCE OF MAINTENANCE FOR ACHIEVING INFRA-
STRUCTURE EFFICIENCY

Poor maintenance adversely affects the value of an infrastructure asset. Yet, since new projects 
are highly visible, it is often easier to mobilize funds (and both public and political support) for new 
infrastructure than for protecting the value of an existing asset. In fact, it has been argued that infra-
structure maintenance has been so disregarded in some countries that ‘build-neglect-rebuild’ (BNR, 
as compared to BOT, ‘build-operate-transfer’) has become the standard model for infrastructure 
creation, and at huge cost to the public sector (see PRIF 2013).

PPPs can overcome this challenge. By using a common project-finance methodology for construc-
tion and maintenance, a PPP creates both a contractual commitment properly to maintain the asset 
and the means for meeting this commitment. This includes applying cascading rules for the use of 
available cash that prioritize maintenance and operational expenditure over other uses (see Delmon 
2016 or Yescombe 2002 and 2007 on the role of maintenance reserve accounts in project finance 
and PPPs).

Yet, reaping the potential efficiency gains requires the quality of infrastructure 
services (that is, output quality) to be contractible, that is, measurable and feasible to 
assess in a court of law. Efficiency cannot readily be assessed in all cases. For example, 
output quality is contractible for highways, and Engel (2020) estimates that the efficiency 
gains associated with better and cheaper highway maintenance generate government savings 
somewhere around 10–16 percent of the initial investment. However, output quality is harder 
to measure and assess in other areas (for example, education), complicating the use of PPPs as 
vehicles for efficient infrastructure service delivery.

The discipline brought about by using private finance is seen as another potential 
source of PPP efficiency. In a PPP contract, the private partner’s commitment to the project 
is made credible by putting up funds, raised either from shareholders or markets (for example, 
loans or bonds), typically known as ‘capital at risk’. To do this, the private partner usually has 
to convince private finance providers of a project’s soundness, with future cash flows being 
credible and adequate to generate a profit margin. This ‘due-diligence’ process, an integral part 
of private finance discipline, creates the right incentives and an additional layer of checks that 
potentially increases PPP efficiency compared to traditional public procurement. For example, 
in user-funded PPPs, and in the absence of government transfers or guarantees, PPPs can 
help filter out ill-conceived projects (white elephants), given that no private partner will be 
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interested in a project that is not financially sound. However, these potential efficiency gains 
might not materialize. For example, the risk premia required by the private sector to undertake 
a PPP may be very high, and governments may be inclined to provide government guarantees 
to the private partner to reduce these risk premia. Yet, if the government fails to value these 
guarantees accurately, and prices them into the PPP contract, they may easily reverse the 
sought PPP efficiency gains when they are called.

PPP efficiency gains can also be achieved through better risk allocation in infrastruc-
ture. Risk transfer is one of the main characteristics of PPPs that is critically determined by 
contract design. Good practice suggests that the project-inherent risks should be borne mainly 
by the party that is best equipped to control them, while exogenous risks should be shifted to 
the party that can best absorb or mitigate them. Still, PPP contract design might result in a com-
plex risk allocation structure that is quite different from good practice. For example, poorly 
designed contract termination clauses might require the government to over-compensate the 
private partner, with potentially large efficiency losses. Similarly, government guarantees can 
also impact risk allocation and eliminate the incentives that support PPP efficiency.

Reaping the potential efficiency gains from PPPs also requires addressing different 
interface risks in PPP contract design. Interface risks arise when infrastructure assets are 
maintained by the private partner but operated by a public entity (or separate private entity). The 
interface between the two entities—managing activities related to the same building or asset—
may be hard to coordinate. For example, a PPP hospital faces no significant interface risks when 
activities (for example, building maintenance, clinical services and so on) are managed by the 
same private partner. However, interface risks are high in PPP hospitals where the private partner 
is only responsible for maintaining the building and a few other nonclinical services, while 
public partners (or other private entities) are charged with handling clinical services (Box 9.2).

BOX 9.2. EFFICIENCY AND INTERFACE RISKS IN PPPS

Interface risks arise when not all aspects of project implementation are transferred to a 
single private partner. It is not uncommon for PPP projects to split project implementation between 
private and public entities or between different private partners. For example, a given PPP contract 
may cover the design, construction and maintenance of an asset, but not its operation. This creates 
potential interface risks, which may be severe, depending on the project in question.

Interface risks vary from sector to sector. For example, if the PPP asset in question is a rail line 
the interface between design, construction and maintenance on the one hand, and operation on the 
other, is relatively simple. However, if the asset is a hospital, the interface is usually more complex, 
particularly when the PPP contract includes some services (for example, cleaning, catering and 
security) but excludes others (for example, clinical services). In such cases, potential PPP contract 
violations may be hard to ascertain. For example, is the operating theater contaminated due to poor 
cleaning or due to faulty surgical practices? As a result, PPP hospitals are often difficult to manage, 
even in countries with extensive PPP experience.

Sectoral interface risks have been prominent in practice. In France, the Director of the Sud-
Francilien hospital center quit, stating he could not run a hospital where the building was overseen by 
a private entity. Subsequently, the related PPP contract was terminated, and legislation was passed 
restricting the use of PPPs for hospitals (for example, Law 2014-1653). In contrast, the relative 
success of PPP hospitals in Portugal may largely be due to the full inclusion of all hospital services 
in the PPP contract and an effective provision for capping fiscal costs, which mitigate interface risks 
(see Barros and Monteiro 2016).
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Interface risks may also differ from contract to contract and over time. For instance, in both 
France and the United Kingdom, PPP contracts have evolved over time, encompassing fewer and 
fewer services. This aligns with gradually acquired evidence (see HMT 2012): when the private 
provider does not operate end-user services, the inclusion of intermediate services (besides main-
tenance) in the PPP contract is not efficient.

2.2 Efficiency and Infrastructure Governance

Capturing the efficiency gains from PPPs requires strong infrastructure governance 
over the full project cycle. Strong infrastructure governance—defined as the institutions and 
frameworks for planning, allocating and implementing infrastructure investment spending—is 
essential for ensuring PPP efficiency. A government must have the capacity to identify infra-
structure needs and develop strategic plans for addressing them over the long term. It must 
also allow PPPs to compete for the allocation of limited public resources on a level playing 
field, to guarantee that projects are procured only when they offer efficiency. Once a project is 
procured, the government must preserve efficiency through contract management, as well as 
portfolio risk management and evaluation.

Yet, the long-term nature of PPP contracts provides a major challenge for infrastructure 
governance. Changes in government priorities or policies, as well as unforeseen demographic, 
technological or commercial changes, threaten the viability of long-term contracts and may 
lead to contract renegotiation or collapse. The difficulty of maintaining long-term commit-
ments usually reduces the expected efficiency gains (Box 9.3). This is particularly relevant 

BOX 9.3. THE NEED FOR SUSTAINABLE POLICY COMMITMENTS

Many countries have adhered to their long-term PPP commitments even when governments 
change. In other countries, however, government changes have led PPPs to collapse or resulted in 
significant contract changes. This has usually resulted in higher fiscal costs. The following examples 
illustrate the importance of sustainable policy commitments.

In South Africa, political pressures led to abandoning tolls for the Pretoria–Johannesburg highway, 
requiring the government to compensate the concessionaire for the loss of revenue and the toll 
equipment already installed.

In France, the government’s decision to abandon the plan to collect the écotaxe (tolls on heavy 
goods vehicles) forced an early termination, in 2014, of the PPP contract for toll equipment and col-
lection. The termination required €958 million in compensation to the concessionaire; government’s 
transaction costs for procuring and then canceling the PPP amounted to €70 million (see CC 2017a).

In Scotland, in December 2004, the government abolished the toll for the Skye Bridge, which at one 
point in time was Scotland’s only toll bridge. In the absence of early termination provisions in the 
contract, the government was obliged to negotiate the bridge’s purchase and compensate its opera-
tor at considerable additional fiscal costs.

In Portugal, one of the most successful PPP projects, the Vasco da Gama Bridge (completed on time 
and on budget), underwent a contract renegotiation to fulfill the new government’s electoral promise 
to reduce toll levels. The process was criticized by the Portuguese Supreme Audit Office due to the 
loss of efficiency that resulted from the negotiation (see TC 2001).
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for countries exposed to political instability and/or extreme demand volatility (for example, 
making user-fee revenues difficult to forecast). Similarly, PPP efficiency is hard to achieve in 
sectors where government entities operate infrastructure assets exposed to rapid technological 
changes (for example, IT services). Under these circumstances, the potential PPP efficiency 
gains are unlikely to be realized in the absence of strong infrastructure governance.

Strong infrastructure requires establishing the laws and institutions to assess all infra-
structure projects (including PPPs) on a level playing field. PPP project assessments have 
to withstand budgetary scrutiny, including for fiscal risk. In this context, strong infrastructure 
governance requires maintaining a fiscal risk management function in the ministry of finance; 
establishing a gateway process5 for project assessment and approval, using international 
standards in public accounts to ensure fiscal transparency; and integrating PPPs into the annual 
budget and medium-term fiscal framework.

Special approval processes for PPPs are usually a sign of faulty infrastructure govern-
ance. Many countries have adopted separate processes for PPPs that run parallel to the public 
investment management framework that is applied to traditionally procured projects. This 
means that PPPs may be assessed and approved under separate methodologies that prevent 
them from competing with other public investment projects on a level playing field, reducing 
efficiency in allocating limited public resources. Although many governments have stepped 
up their scrutiny in recent years, they have not fully integrated PPPs into their overall public 
investment management frameworks. Yet, this can be done. For example, Cyprus’s 2014 
Fiscal Responsibility and Budgetary System Law provides for an integrated approach to all 
public investment projects by subjecting traditionally procured projects and PPPs to the same 
provisions for preselection, assessment and selection.

Similarly, frequent PPP contract renegotiations are often a sign of weak infrastruc-
ture governance. While PPPs are procured expectedly under competition, renegotiation 
is usually undertaken without competitive pressure and with information asymmetry. 
Poor negotiating skills often compound low government bargaining power, leading to 
higher public-sector costs and related efficiency losses (see Guasch 2004 and ECA 2018). 
Expectations of early renegotiation, originating from poor governance, may also create 
adverse selection, attracting opportunistic bidders who are not efficient at construction or 
service provision, but more oriented to game government, and therefore capable of extract-
ing economic rents.

Allowing private-sector entities to submit unsolicited PPP proposals can easily compli-
cate infrastructure governance. Some countries allow private entities, at their own initiative 
and unsolicited, to submit PPP proposals to the government. If approved, those private entities 
are entitled to implement the project, or to develop it under some privileged status before a 
call for tender. Evidence suggests that such proposals usually do not accelerate infrastructure 
delivery but do create significant fiscal risks and governance issues (World Bank 2018). The 
often low capacity of public entities to identify, prepare and evaluate infrastructure projects, 
and incentives to move projects off budget, are often the main reasons for accepting unsolicited 
proposals. Even when subject to competition, a contract originating from an unsolicited 
proposal usually does not spur effective competition. Evidence shows that most tenders for 
unsolicited PPPs attract no competitors, even when the firm originating the proposal has no 
explicit advantage over potential competitors. This reflects the fact that the originating firm has 
already done its due diligence, knows the proposed project well and has usually ensured that it 
recovers its bidding costs whether it wins or loses the tender. Since bidding for a PPP contract 
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is costly, firms naturally refrain from presenting expensive competitive bids when they know 
that a competitor has a ‘first mover’ advantage.

Infrastructure governance is also weakened when the PPP partner is not a private 
entity. In a few countries (for example, Austria, France, Indonesia, China), governments 
have signed long-term contracts with public corporations to implement public infrastructure 
projects. These contracts bring a ‘business approach’ to project management, but often fail to 
emulate the disciplinary effect of private finance. Private entities are exposed to irreplaceable 
profit losses and possible bankruptcy when risks materialize. In contrast, public corporations 
often have multiple objectives and mandates in addition to profitability, making it more dif-
ficult to strive for efficiency and avoid moral hazard.

3. THE FISCAL IMPACT OF PPPs

A country’s prevailing budgeting and accounting practices are an important factor 
in understanding and managing the fiscal impact of PPPs. Many countries treat PPPs 
‘off budget’ and ‘off balance sheet’, that is, they exclude them from the annual government 
budgets and financial accounting systems. As a result, PPPs do not appear in national public-
sector statistics, that is, they are excluded from the fiscal deficit, gross public debt and fiscal 
risk statements. Such practices tend to reduce efficiency in the provision of infrastructure, 
introduce biases in procurement decisions (PPP vs. traditional) and affect perceptions of 
available fiscal space. In fact, poor assessments of PPP-related liabilities and fiscal risks 
allow inefficient projects to be approved and procured, increasing government liabilities and 
potentially jeopardizing fiscal sustainability. It is not surprising, then, that a 2018 report by 
the United Kingdom House of Commons Public Administration Committee (HC 2018) noted 
that the Treasury had produced no evidence that the PFI program (government-funded PPPs) 
was worthwhile, ‘apart from the fact that it takes debt off the balance sheet’. Similarly, the 
French Supreme Audit Office has criticized the practice of using PPPs for off-budget purposes 
(CC 2017b).

3.1 Fiscal Costs and Risks from PPPs

All PPPs create both costs and risks for government. When supporting the private partner, 
the government may sustain such fiscal costs as explicit commitments or liabilities in the 
form of viability payments, subsidies, provision of land, acquisition of services and so on 
(Table 9.1). In addition to fiscal costs, PPPs generate explicit fiscal risks when government 
liabilities are contingent on the realization of certain events (for example, minimum revenue 
guarantees)—see Irwin et al. (2018).

Even well-designed PPP contracts create fiscal risks. Since PPP contracts are expected to 
allocate risks according to each partner’s ability to manage the respective risk and cope with its 
consequences, some risks will necessarily be allocated to the public partner. Therefore, some 
fiscal risks will arise even from well-designed PPP contracts. At a minimum, a PPP contract 
must stipulate the financial consequences of an early termination. Typically, this involves 
buying back core assets and compensating the private partner. In other cases, it involves the 
PPP company’s direct assumption of debt. Contracts may also create fiscal risks through 
specific clauses detailing the government’s responsibility to provide debt and/or minimum 
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revenue guarantees, exchange rate volatility coverage, reinstatement of economic equilibrium 
or any other type of support.

Fiscal risks in PPPs can be explicit or implicit. In addition to the explicit risks specified 
in contracts, PPPs also generate implicit fiscal risks, as the government is the guarantor of 
last resort for public infrastructure assets and services. Even if not contractually obliged, 
governments often face political and social pressure to maintain PPP assets in operation. When 
private partners face financial difficulties, governments may be tempted to rescue them instead 
of just rescuing the project itself. This practice, or the mere expectation of it, tends to attract 
opportunistic investors and to foster moral hazard. When implicit fiscal risks materialize, they 
become fiscal costs. Many highways, railways and ports are currently under public-sector 
management all over the world because private or PPP projects went bankrupt or could not 
provide the intended quality of service. Recent examples include the increasing number of 
governments supporting PPP airport operators during the COVID-19 pandemic, even in cases 
where operators had not been given an explicit government guarantee.

Implicit fiscal risks are particularly prevalent in PPPs that lack financial viability and/
or political sustainability. For example, in user-funded PPPs that lack users, it has not been 
uncommon for governments to maintain the infrastructure service at considerable fiscal cost 
(for example, by bailing out private-sector operators that face bankruptcy). Similarly, PPPs 
that lack political sustainability (for example, when user fees are perceived as unfair) may 
create unforeseen fiscal costs.

Table 9.1 Fiscal costs and fiscal risks from PPPs

Fiscal Costs Fiscal Risks

Explicit • Liabilities and fixed assets (estimated 
construction costs) when the government 
controls the asset and/or bears most of the 
risks from the contract

• Prior or contractually agreed commitments 
to buy land, resettle people, reestablish 
utility connections and other infrastructure or 
compensate affected entities

• Up-front capital payments for viability 
gap funding and other contractually agreed 
predetermined firm payments during the 
construction phase

• Availability payments, service payments, 
viability gap funding and other contractually 
agreed firm payments during the operational 
phase

• Payments by public corporations or 
subnational governments related to purchase 
agreements (power, water and so on)

• Explicit guarantees (for example, 
minimum revenue, exchange 
rate, reinstatement of economic 
equilibrium)

• Early contract termination (for 
example, paying for assets, 
compensating investors, 
reestablishing service) in case 
of concessionaire bankruptcy, 
underperformance, force majeure 
or public interest reasons (for 
example, privatization)

• Legal disputes
• Asset condition at termination

Implicit
• Implicit guarantees: government 

will strive to maintain 
infrastructure services 

Source: Authors’ compilation.
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Public corporations can also generate fiscal costs and risks in PPPs, including as off-
takers, service providers or finance providers. Some PPPs involve not only the construction 
of fixed assets (for example, dams, electricity power generation plans), but also require public 
entities to commit to buying outputs or selling inputs for the project. Particularly relevant are 
power purchase agreements (PPAs) and similar long-term contracts signed by public corpora-
tions for the acquisition of electricity, water, steam, and so on (that is, off-taker agreements). 
These create firm public commitments to buy goods and services and to pay compensation to 
the private partner when not buying (for example, due to low demand or cheaper alternatives). 
Even when PPAs are subscribed by public corporations or subnational governments and not 
explicitly guaranteed by the central government, they create explicit liabilities for the public 
sector.

3.2 Budget Flexibility, Fiscal Space and PPPs

Budgeting for capital projects is always complex. The multiyear, uneven and lumpy nature 
of capital spending complicates budgeting and accounting for budget spending in a prudent 
and transparent manner. Ideally, governments should budget and account for capital projects 
in a way that avoids distorting resource allocation.

PPPs add to the usual challenges of capital budgeting by creating long-term govern-
ment spending commitments that are, in part, contingent on future events. Compared 
to traditionally procured public investment, PPPs reduce short-term capital spending at the 
expense of higher current spending in the future. The upfront private financing of a PPP means 
that public budgets incur almost no capital spending at the beginning of a project. That is, 
PPPs shift public-sector costs to the future, either by increasing future government payments 
(for example, government-funded PPPs) or forgoing future revenue (for example, user-funded 
PPPs). In contrast, traditional procurement requires particularly high public spending during 
asset construction. Hence, PPPs change the budget composition, reducing capital expenditure 
now at the expense of higher current expenditure later. This is illustrated in Box 9.4.

PPPs free up fiscal space in the short term but do not change the government’s 
intertemporal budget constraint. When assets are public, the fiscal costs of procuring them 
do not disappear and are not absorbed by the private partner, unless unwillingly. Abstracting 
from efficiency gains, PPPs only change the profile of public cash flows over time but not 
their net present values. Yet, PPPs allow governments to acquire infrastructure with relatively 
low initial budget outlays. At the same time, they imply higher future spending, so other future 
expenditures will have to be reduced (or taxes increased) to pay back the private sector for 
having financed and created the public infrastructure.

A pervasive use of PPPs may reduce fiscal space and limit fiscal policy responses to 
external shocks. Initially, PPPs afford governments more room to fund short-term priorities, 
but at the cost of reducing their room for fiscal maneuver down the road. PPPs often commit 
future budget resources for the next 25 years or more. As a result, PPPs limit a government’s 
ability to shift spending priorities in the future. In Portugal, for example, the heavy use of 
PPPs and the resulting ongoing long-term PPP-related spending commitments (which required 
annual spending of 1.5 percentage points of GDP out of a fiscal deficit of 4.0 percent of GDP 
in 2011) limited the government’s capacity to implement countercyclical fiscal policies in 
the aftermath of the 2008 financial crisis. Failure to recognize such potential trade-offs may 
adversely affect fiscal sustainability and PPP efficiency.
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BOX 9.4. GOVERNMENT CASH DEFICIT: TRADITIONAL PROCUREMENT 
VS. PPPS

PPPs create cash flows for government that differ
from those created by traditional procurement. To
illustrate these differences, we compare the impact
on the government’s cash deficit using a stylized
example of a highway under three options:
traditional procurement, government-funded PPPs
and user-funded PPPs.

Under traditional procurement the government
finances the construction of the highway (in the
first two years of the project) through borrowing.
For the next 13 years, the government maintains
the highway and charges user fees. This generates
a large cash deficit during construction. The
surplus in the following years depends on the
government’s ability to impose user fees, and to
what extent it maintains the highway.

Under a government-funded PPP, the private
partner finances the construction and maintains
the highway for the next 13 years. In exchange,
the government commits to a stream of payments
to the private partner. As a result, no government
cash deficit is recorded during construction, while
the cash deficits in the following years are larger
than they would be under traditional procurement
(that is, government payments compensate the
private for the highway’s construction and
maintenance costs, plus a profit margin).

Under a user-funded PPP, the private partner
finances, builds, operates and maintains the
highway. The government neither makes any
payments nor receives any revenues. There are no
cash implications for the government.

–60
–50
–40
–30
–20
–10

0
10
20
30

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Traditional procurement

Maintenance of asset

In
flo

w
s

O
ut

flo
w

s

Asset construction costs

Fees from users

–60
–50
–40
–30
–20
–10

0
10
20
30
40

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Government-funded PPPs

Gov. payments to PPP operator

In
flo

w
s

O
ut

flo
w

s

–60
–50
–40
–30
–20
–10

0
10
20
30
40

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

User-funded PPPs

In
flo

w
s

O
ut

flo
w

s No gov. payments to PPP operator

Note: The example abstracts from efficiency gains/losses in PPPs and makes simple assumptions about asset 
maintenance costs and fees paid by highway users under each option.

4. PPPs AND EFFICIENCY: THE EVIDENCE

Several data sources offer helpful information on PPPs (for example, financing struc-
tures, sectors and regions), but they are often inaccurate and incomplete. A lack of com-
prehensive data has particularly hampered cross-country comparisons and macro-economic 
analysis. The academic literature also suffers from lack of data and often relies on a small 
number of mostly sectoral databases.6 For example, the World Bank’s PPI database—one of 
the more popular sources of data for analysis—provides some quantitative information on 

WPS_QC
Highlight
AU:  change to "EFFICIENCY: THE EVIDENCE" as per marking. Please check



Public−private partnerships, fiscal risks and efficiency   207

projects but is limited in regional scope and does not provide cost and performance evolution 
over a project’s life cycle.7 The Appendix to this chapter presents a broader overview on some 
key sources of PPP-related data.

Available data suggest significant efficiency losses in producing public infrastructure 
services. The IMF’s Public Investment Management Assessment (PIMA)8 framework, which 
has been applied to about 65 countries, suggests that losses and waste in public investment are 
staggering: on average, more than one-third of the resources spent on creating and maintaining 
public infrastructure are lost due to inefficiency.9

However, there is no comprehensive information on the efficiency of PPPs. In most 
countries, PPP contracts (and contracts related to infrastructure projects in general) are 
confidential, and only a few countries publish information on project performance. In Europe, 
most of the disclosed evidence on infrastructure comes from supreme audit institutions and 
other government audit bodies, while contracts are rarely disclosed. In Latin America, PPP 
contracts are usually published but performance audits are seldom published; some countries, 
for example, Chile, publish preliminary studies and periodic performance reports. IMF (2021) 
presents examples of cases where fiscal risks from PPPs materialized, while recognizing the 
absence of statistical or systematic quantified information.

Most available data for PPPs focus on effectiveness. Some data suggest that PPPs have 
much lower cost overruns and delays than traditional public procurement. For example, for 
Australia, Duffield et al. (2008) found that a sample of 25 PPP projects faced cost overruns of 
4.3 percent when measured from contractual commitment to final outcome, while 42 tradition-
ally procured projects had cost overruns of 11.4 percent. They found that PPP projects had 
significant delays prior to execution, but ‘provide[d] far greater cost certainty than traditional 
contracts’. Portugal’s Vasco da Gama Bridge, a €900 million 11 km bridge, was built on time 
and on budget (as were Portuguese PPP highways in general). Sydney’s Cross-City Tunnel also 
had no cost overruns. However, there are also some counterfactual examples. The Eurotunnel, 
for example, resulted in cost overruns of roughly 100 percent, mainly due to the channel’s 
difficult geology and rolling-stock issues (see IMF 2021).

There is some country-specific evidence in support of the efficiency of PPPs. Only a 
few studies, including public spending reviews or reports published by supreme audit institu-
tions, attempt to measure PPP efficiency. In Portugal, the PPP hospital program was evaluated 
in 2017–19 for public spending efficiency. The PPP hospitals, which had been originally 
contracted at fiscal costs lower than the Public Sector Comparator (based on historical, not 
theoretical, costs), provided efficiency gains, delivering better service under a set of health 
indicators relative to a comparable set of hospitals (see UTAP 2017, 2019a, 2019b).

Yet, several European countries canceled their PPP programs due to inefficiencies 
deriving from the off-budget treatment of PPPs. In 2012, the United Kingdom treasury 
recognized that the government funded PFI program had become ‘tarnished by its waste, 
inflexibility and lack of transparency’ (HMT 2012) and tried a new PF2 model. In 2017, the 
United Kingdom’s Office for Budget Responsibility considered PFI/PF2 schemes to be a 
‘source of significant fiscal risk to government’. In 2018, chancellor Hammond confirmed 
that the PFI/PF2 model had been abandoned. In 2014, France decided to stop hospitals being 
procured as PPPs. The French Government also canceled its prison and court PPP program in 
2018 due to similar efficiency concerns expressed by the French supreme audit office, which 
claimed that the off-budget treatment, rather than efficiency aspects, was driving PPPs (see 
IGF 2012, France 2014, CC 2015, and CC 2018).
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Similarly, the European Court of Auditors (ECA) found large inefficiencies in a sample 
of PPPs benefiting from European Union (EU) funding. The ECA report (2018) points to 
the inadequate analysis and strategic approach towards PPP use. The audit identified weak-
nesses in the legal and institutional frameworks as the main sources of inefficiency. The report 
stated that, while ‘PPPs have the potential to achieve faster policy implementation and ensure 
good maintenance standards, the audited projects were not always effectively managed and 
did not provide adequate value for money. Potential benefits of PPPs were often not achieved, 
as they suffered delays, cost increases and were under-used, and resulted in €1.5 billion inef-
fective spending, out of which €0.4 billion were EU funds’.

5.  SAFEGUARDING EFFICIENCY IN PPPs—GUIDELINES  
FOR PRACTITIONERS

Notwithstanding a lack of conclusive evidence on the efficiency of PPPs, there exists prac-
tical guidance for achieving efficiency in public investment, including PPPs. Analyses 
by IMF staff suggest that the average country could halve public investment inefficiencies 
by adopting best practices in infrastructure governance (see Baum et al. 2020). The high 
correlation between efficiency and good practice in infrastructure governance suggests that 
governments can take specific measures to maximize potential PPP efficiency gains.

Specifically, reaping the potential PPP efficiency gains would include the following:

• At the planning stage, ensure that PPPs follow the same public investment management 
process as those of traditionally procured projects (level playing field).

• At the allocation-of-funds stage, include PPPs in the annual budget and medium-term 
budget frameworks, properly budgeting and accounting for them to eliminate any bias 
(integrated processes).

• At the implementation stage, monitor and manage PPP fiscal risks centrally, considering 
both fiscal costs and risks (comprehensive monitoring).

5.1 Creating a Level Playing Field for PPPs

When planning for infrastructure, PPPs should follow the same public investment 
management process as those used for traditionally procured projects. This guarantees 
that all projects are appraised, prioritized and selected using the same social, economic and 
financial criteria, based on efficiency considerations. Countries should avoid allowing projects 
to originate as PPPs or following separate PPP pipelines.

Not all infrastructure projects make suitable PPPs. Projects that are procured as PPPs 
must have certain characteristics that allow for efficiency gains to materialize. First, the project 
should allow the government to define a set of risks, responsibilities and rights, which can be 
transferred to a private partner. Second, the project outcomes should be contractible, so that 
the government can clearly identify performance indicators for the private partner to comply 
with. Third, project outcomes and overall project sustainability should not be significantly 
affected by future technological, demographic, or commercial change. Fourth, the project 
should be based on a politically sustainable policy (for example, user fees) or be robust enough 
to accommodate likely future policy changes. Indeed, PPPs are suitable for large and complex 
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projects, where private financial and managerial discipline can produce greater efficiency to 
compensate for higher transactional and financial costs relative to traditional procurement. 
Roads are an example: their delimitations are well known; standard performance indicators 
exist (also the long-standing technology for producing roads is not expected to change signifi-
cantly in the future); and user fees are typically well accepted when new infrastructure brings 
significant value for users. Hospitals are more complex, but may still be suitable for PPPs, 
particularly where contractible outcomes can be well defined; mechanisms for dealing with 
demographic and political change exist; and project delimitation parameters can be established 
(including clear rules for transfers to/from other hospitals or long-term care facilities, as well 
as for the entry/discharge of patients).

5.2 Integrating PPPs into Fiscal Processes

At the allocation-of-funds stage, safeguarding efficiency warrants an integrated 
approach to budgeting, accounting and reporting of PPPs in government accounts. A 
two-step budgeting process avoids efficiency losses arising from wrong incentives aimed at 
circumventing budgetary restrictions. Accordingly, an asset’s total construction costs should 
first be appropriated at the time of budget approval, regardless of how the asset is finally 
procured (for example, as PPP or otherwise). In a second stage, cash appropriations should 
cover expected payments, if any, to the PPP concessionaire over the contract’s term―this will 
involve extending the horizon of the medium-term budgeting framework, going further than 
what is usual for capital projects that are procured traditionally. This two-step process ensures 
that PPPs are subjected to budgetary control and legislative oversight processes that are akin to 
publicly funded capital projects. For example, in the State of Victoria, Australia, a department 
considering a PPP must first seek budgetary approval for the capital spending that would be 
required if the project received public funds. If it is decided to procure the project as a PPP, 
required budget cash appropriations are planned accordingly, at a second stage, depending on 
the project cycle (that is, construction or operation) and type of project (that is, government or 
user funded). In this way, the treatment of PPPs in the budget is similar to that of traditional 
procurement, allowing for better legislative oversight of long-term PPP commitments. The 
United Kingdom had already decided to recognize upfront PPP costs in the capital budget at 
the time decisions are made for projects accounted on budget. As with traditional procurement, 
the PPPs’ costs must be traded off with other capital budget proposals and budgeted under the 
government unit’s fixed budgetary allotment for capital within each separate departmental 
expenditure limit.

To preserve efficiency over the long term, PPPs should be included in both the annual 
budget and the government’s medium-term budget framework (MTBF).10 Given that 
PPP efficiency gains will only materialize over the project’s life cycle, their impact should 
be properly documented over time. Since an MTBF typically only covers three to five years, 
it cannot provide a full picture of the government’s PPP commitments, which can extend 
as far as 50 years, in some cases. To provide for a longer-term view of public finances, 
including those related to PPPs, several countries publish complementary fiscal reports, such 
as the debt sustainability analysis (DSA) or fiscal risks statement (FRS). Typically, these 
reports provide information on the fiscal impact of PPPs under different scenarios and time 
frames, depending on the sources of macroeconomic risk and magnitude of the country’s 
PPP portfolio.
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Fiscal transparency can help boost PPP efficiency, particularly where national budget-
ing and accounting systems are not yet aligned with good practices. Disclosing PPP costs 
and liabilities induces not only greater discipline in public administration, but also provides 
evidence of waste and inefficiency, allowing governments to introduce corrective measures 
to preserve efficiency in infrastructure. Most countries establish their budgets on a cash basis, 
which leads to either excluding PPPs from budget information altogether (for example, user-
funded PPPs), or including them only when cash flow takes place late in the project cycle. 
Some countries produce government financial statements, but they are not necessarily aligned 
with International Public Sector Accounting Standards (IPSAS), which prescribe the inclusion 
of most PPPs in the government accounts.11 Thus, in many countries, PPPs remain broadly 
unreported, making it difficult to assess efficiency in a systematic manner. Some countries 
find alternative ways to improve PPP transparency. For instance, Chile publishes an annual 
contingent liability report, which originally presented information on contingent liabilities 
from revenue and exchange rate guarantees provided to PPP operators. Since 2016, this 
report has been expanded to include other types of contingent liabilities and better probability 
estimates of contingency materialization. Portugal’s ministry of finance publishes quarterly 
data on PPPs, including the time profile of expected future payments for the existing PPP 
portfolio. In the Philippines, the ministry of finance publishes an annual Fiscal Risk Statement 
that provides a comprehensive view of the country’s exposure to macroeconomic risks and 
contingent PPP-related liabilities (among other sources of fiscal risk) and summarizes the 
government’s management and mitigation policies.

Fiscal transparency in PPPs can be increased gradually over time, fostering efficiency 
in infrastructure. Improving national budgetary and accounting practices and developing the 
technical skills to assess and monitor complex PPP projects might take time. In the near term, 
governments can rely on analytical tools that focus on big picture estimates. The PPP Fiscal 
Risk Assessment Model (PFRAM 2.0), developed by IMF and World Bank staff, can be used to 
assess the potential fiscal costs and risks associated with PPPs. PFRAM 2.0 helps governments 
identify and quantify the macrofiscal implications of PPPs, understand main sources of fiscal 
risk and discuss potential mitigation measures (Box 9.5).

BOX 9.5. PPP FISCAL RISK ASSESSMENT MODEL (PFRAM 2.0)

Since it was first launched in 2016, the PFRAM has been used in the context of IMF and World Bank 
capacity development activities, and by country authorities, to assess PPP projects’ long-term fiscal 
implications. In practice, assessing PPPs involves gathering specific project information and making 
judgments about the government’s role at key stages of the project cycle. PFRAM 2.0 provides a 
structured process for gathering information for a PPP project portfolio on a simple, user-friendly, 
Excel-based platform, following a five-step decision tree:

•	 Who initiates the project? The impact on the main fiscal aggregates (that is, deficit and debt) 
vary depending on the public entity ultimately responsible for the project (for example, central/
local government, public corporation and so on).

•	 Who controls the asset? Simple standardized questions assist the user in making an 
informed decision about the government’s ability to control the PPP-related asset through 
ownership, beneficial entitlement, or otherwise.

•	 Who ultimately pays for the asset? The project’s funding structure determines its implica-
tions for the main fiscal aggregates. PFRAM 2.0 allows for three funding alternatives: (a) the 
government using public funds; (b) the government allowing the private partner to collect fees 
directly from users (for example, tolls); or (c) a combination of the two.
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•	 Does the government provide additional support to the private partner? Governments 
can directly fund PPPs but can also support the private partner in various ways, including by 
providing guarantees, equity injections, or tax amnesties.

•	 What does the PPP contract risk allocation tell us about macrofiscal risk? Understanding 
the macrofiscal implications of a PPP contract and the potential need for government action 
can, in practice, be challenging. PFRAM helps analysts identify main fiscal risks arising from a 
PPP contract and provides a framework for evaluating risk likelihoods and fiscal impacts. It also 
enables analysts to assess the need for risk mitigation measures and/or government actions.

PFRAM 2.0 generates standardized outcomes for either a portfolio of PPP projects or a single one, 
based on project-specific and macroeconomic data. These include (i) projected cash flows; (ii) cash- 
and accrual-based fiscal tables/charts; (iii) debt sustainability analysis including and excluding the 
PPP projects; (iv) analysis of the main fiscal aggregates’ sensitivity to changes in macroeconomic 
and project-specific parameters (for example, contract termination); and (v) a summary risk matrix 
of each project.
 
Source: The IMF’s ‘Infrastructure Governance’ webpage includes links to PFRAM Excel tools in English (https://
www.imf.org/external/np/fad/publicinvestment/data/pfram2english.xlsm) and French (https://www.imf.org/
external/np/fad/publicinvestment/data/pfram2french.xlsm), as well as the user manual (https://www.imf.org/
external/np/fad/publicinvestment/pdf/PFRAM2.pdf).

5.3 Centrally Monitoring and Managing PPPs

Using an integrated ‘whole government’ approach, governments should monitor and 
manage individual PPPs and the overall PPP portfolio over the entire projects’ life cycles. 
One of the government’s key objectives should be understanding and managing PPPs’ fiscal 
costs and risks in order to preserve efficiency gains. This is a complex undertaking, as different 
agencies (for example, line ministries, subnational governments, public corporations) are often 
responsible for managing individual PPP contracts during project identification, construction 
and operation. For example, contracting agencies are often not mandated to look at fiscal risk 
arising from the overall PPP portfolio (that is, the consolidation of all existing PPP projects 
either implemented or in the pipeline). This indicates a need for information sharing across 
agencies.

PPP fiscal risks should be assessed (that is, quantified and accepted or rejected) at 
project inception, and then monitored and managed closely during the whole project 
life cycle. This should be the responsibility of the ministry of finance (or budgetary 
authority) as it is ultimately responsible for safeguarding long-term fiscal sustainability. 
The ministry of finance should be able to identify, estimate and manage fiscal costs and 
risks arising from PPPs to ensure that efficiency gains are retained during the project’s 
life cycle. To this end, the ministry of finance should have a clear mandate prescribed by 
the legal and regulatory framework, oversee a strong gateway process to stop any project 
deemed as unsustainable or too risky and possess the technical skills to identify, estimate 
and mitigate fiscal risks. This function can be implemented in different ways within the 
ministry. Some countries have created specialized units (for example, PPP units, investment 
units, fiscal risk units) with the necessary technical skills to manage fiscal risks associated 
with infrastructure projects, including PPPs. Other countries have charged existing ministry 
of finance departments or units (for example, budget department, debt management office 
and so on) with this task.
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It is important for risk management to cover the overall PPP portfolio. Fiscal risks 
from PPPs tend to correlate among themselves and with other public investment projects (for 
example, network effects), and are usually highly dependent on key macroeconomic variables 
(for example, GDP growth, the nominal exchange rate). Therefore, ministries of finance should 
assess and take decisions at the portfolio level to account for project correlation and evaluate 
projects as part of a system rather than in isolation (see Monteiro et al. 2020). This is key to 
boosting efficiency both at the project and network levels and to ensuring that efficiency is 
preserved over time.

5.4 Safeguarding Efficiency in PPPs—Concluding Thoughts

PPPs are not a panacea for increasing the efficiency of public infrastructure services. 
Governments can take measures to safeguard efficiency in PPPs by focusing on best practice 
in PPP contracting and strengthening the infrastructure governance frameworks that support 
them. The latter includes measures to ensure that PPPs are fully integrated in the budget 
planning and allocation processes, and that the fiscal costs and risks arising from PPPs are 
centrally monitored and managed. Without adequate fiscal risk management in the context of a 
strong governance framework, PPPs will, in practice, tend to be inefficient, even when deemed 
efficient ex-ante. A strong fiscal risk management function in the ministry of finance can sup-
port the selection of projects and contracts, aiming at reaching efficiency and not at bypassing 
fiscal controls, and at protecting that same efficiency over the life of the PPP projects.
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APPENDIX: DATA SOURCES ON PPPs—WHAT IS AVAILABLE  
AND WHERE TO FIND IT

Understanding strengths, shortcomings and pitfalls of the available data is important for all 
serious analytical work on PPPs. This appendix presents an overview of selected PPP data 
sources.

The World Bank’s Private Participation in Infrastructure (PPI) database has a broad 
sectoral coverage, although it is far from being comprehensive or accurate.12 The database 
includes projects in energy, transport, water and sanitation, municipal solid waste, natural gas 
transmission and distribution and information and communication technology (for example, 
fiber optic cables, mobile towers). Data are available since 1990 and cover 6400 infrastructure 
projects in 137 countries. Accordingly, investment commitments for the first half of 2021 
account for US$35.6 billion across 133 projects (Figure 9.A1). Notwithstanding its wealth of 
useful project data, the database lacks comprehensiveness and is ill suited for broader analysis. 
For one, it covers only PPPs in low-income developing markets (LIDCs) and developing 
economies (EMEs). Also, it excludes PPPs in social sectors (for example, schools, hospitals, 
prisons, housing). Similarly, quality and internal consistency of the data vary. For example, 
only projects that are designated as PPPs are included, and projects are being left out where 
the national definition of PPPs is not aligned with good practices. Also, renegotiations of 
projects are not treated consistently across the dataset, which results in some double counting 
of projects and a loss of information on originally agreed costs and deadlines.

The IMF’s Investment and Capital Stock (ICS) Dataset13 includes public, private and 
PPP-related investment flows, and estimates of real public capital stocks for 1990–2019 for 
about 170 countries (Figure 9.A2). The data show a particularly rapid increase in PPP invest-
ments in low-income developing countries (LIDCs) until 2010, when they peaked at over  
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in low-income developing countries and developing economies, 2011-H1 2021
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1 percent of GDP in 2010, and a sharp contraction during 2013–17. PPP investments remained 
more stagnant in EMEs and never really took off in advanced economies (AEs). By 2019, PPP 
capital stocks averaged 7 percentage points of GDP in LIDCs, 4 in with EMEs and about 1.5 in 
AEs. While the ICS dataset includes a broader set of countries (including AEs), it also excludes 
PPPs from social sectors. Similarly, it also suffers from the PPI’s shortcomings in terms of 
quality and internal consistency, also as it uses PPI data for estimating public investment and 
capital stock in LIDCs.

Other databases often have a more limited regional coverage. Notably, a dataset available 
from the European Investment Bank’s PPP Expertise Centre (EPEC) offers information 
on the total value of 1799 PPP projects by economic sector for 1990–2016, but is limited to 
the EU-27, the UK, Turkey and Western Balkan countries.14 Yet, it also includes projects in 
the social sectors (education, recreation and culture, healthcare, and housing and community 
services), and offers fairly consistent data of good quality.

Several other publicly available resources provide mostly qualitative information on 
PPPs. For example, the Economist Intelligence Unit’s (EIU) Infrascope offers a standardized 
index to access the ability of various countries to carry out PPP transactions in a sustainable 
manner. So far, the index has been applied in Africa, Asia-Pacific, Eastern Europe and Latin 
America and the Caribbean.15 Similarly, the World Bank publishes information on PPP 
regulatory frameworks in its annual reports on Procuring Infrastructure PPPs. It benchmarks 
regulatory frameworks around the world against internationally recognized good practices 
in procuring PPPs, and identifies areas for improvement in the preparation, procurement and 
management of PPPs.16

In addition, several databases on PPPs that mostly offer detailed project-by-project 
data are only available to subscribers. This includes data collected by Prof. Bent Flyvbjerg 
at Oxford University and IJ Global. The latter includes detailed global data on PPP-related 
transactions and assets covering key industries, including oil and gas, renewables, power, 
transport and defense.17

There are also several databases that report on infrastructure projects more broadly 
(not just PPPs), all of which suffer from significant shortcomings. For example, the Global 
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Infrastructure Project Pipeline (‘Pipeline’) contains information on public infrastructure 
projects in 6 sectors (that is, energy, communications, transport, water and waste, social and 
‘others’) and is built around 8 standardized project stages through the project life cycle. The 
Pipeline has a promotional investor-oriented focus, aiming to capture relevant early-stage 
project information. At end-2021, it contained data on infrastructure projects in 56 countries 
across 5 regions with a total value of US$224 billion; all data are sourced directly from 
government authorities.18 The data suffer from quality issues that come with self-reporting 
(for example, a lack of quality control); incomplete coverage (for example, limited variables 
and country coverage);19 and infrequent updating (for example, only if and when infrastructure 
projects move from one defined project stage to the next). Not unlike the Pipeline, SOURCE, 
an infrastructure project development and data collection platform for both traditionally 
procured and PPP projects, seeks to provide project data across the investment cycle, covering 
governance, technical, economic, legal, financial, environmental and social issues. At end-
2021, SOURCE’s stated coverage included 621 projects from 79 countries, although data on 
only 41 projects were publicly accessible; of these, 25 were still in the project definition phase 
and 21 came from a single country (Uzbekistan).20 The available data lack comprehensiveness 
and reliability, that is, what is available depends on what project users decide to enter and in 
what form, and if users decide to update the data when relevant information changes.

NOTES

 1. Prepared by Gerd Schwartz, Özlem Aydin, Rui Monteiro and Isabel Rial (all International Monetary Fund, IMF). 
The views and opinions expressed here are those of the authors and do not necessarily represent the views of the 
IMF, its Executive Board or IMF management.

 2. Some countries distinguish between PPPs (government-funded projects) and concessions (user-funded projects). 
We define both as PPPs, given their common contract arrangements, which combine private sector financing and 
management.

  3.  Efficiency in public procurement is sometimes presented as value for money (VFM), a concept that encompasses the 
effective, efficient and economic use of resources (see World Bank 2016). As effectiveness is a necessary condition 
for efficiency, in theory, VFM encompasses both economic efficiency and spending efficiency. In practice, however, 
the term VFM has been closely associated with the methodology for assessing VFM, which was developed in the 
United Kingdom and has recently been cited as a source of inefficiency in infrastructure procurement (NAO 2018). 
To avoid confusion, we will not use the term VFM here, but instead refer to the different aspects of efficiency.

  4.  Singh  (2018). A  full  life  cycle  for  a  project  encompasses  the  following  phases:  identification,  preparation, 
appraisal, detailed design, procurement, implementation (which includes construction and operation), contract 
management, monitoring and ex-post evaluation.

 5. A gateway process for a project is a formal sequence of approvals, or ‘gates’, where the Finance Ministry can stop 
a project that is deemed unaffordable or creates too much fiscal risk. Approval gates usually include a preliminary 
project approval, an approval of the draft contract and tender rules before the call for tender, an approval of the 
contract before contract close and an approval of any change to the contract.

  6.  See, for example, Duffield et al. (2008); Flyvbjerg (2014); and Saussier (2013).
 7. See https://ppi.worldbank.org/en/ppi for public access to the World Bank’s PPI database.
 8. The PIMA is a comprehensive framework to assess infrastructure governance for countries at all levels of eco-

nomic development. PIMAs evaluate the procedures, tools, decision making and monitoring processes used by 
governments to provide infrastructure services to the public. PIMAs also help identify reform priorities related to 
infrastructure governance and devise practical implementation steps. See https://infrastructuregovern.imf.org/.

 9. IMF (2015), and Baum et al., chapter 3 in Schwartz et al. (2020).
10.  To access fiscal policy in the medium term, most governments have developed medium-term budget frameworks 

(MTBFs). An MTBF clarifies the level of future government commitments,  including those related to capital 
investment projects and PPPs, to ministers, the legislative and the public in general.

11.  Under IPSAS, when certain conditions are met, the impact of PPPs on fiscal deficit and debt measures is like 
those of traditionally procured projects, reducing the bias in favor of PPPs. See IPSAS 32 - Service Concession 
Arrangements: Grantor at https://www.ifac.org/system/files/publications/files/B8%20IPSAS_32.pdf.
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10. State-owned enterprises: Struggling to be efficient1

 Paulo Medas2 and Mouhamadou Sy3

1. INTRODUCTION

State-owned enterprises (SOEs) are very diverse and numerous across advanced and develop-
ing economies alike. A majority are relatively small and owned by subnational governments, 
but some SOEs are among the largest firms in domestic economies and are owned by central 
governments. SOEs have become a larger part of the global economy over recent decades 
reflecting the growth in emerging market economies (IMF, 2020). Some are created by a 
specific law or a law for SOEs, while others are created under the general corporate law and 
quoted on the stock market. Some are essentially an agency of government, and in many cases 
heavily dependent on budget transfers, whereas others have a mix of public and private owners 
and a greater commercial focus.4

A fundamental difference with private firms is that SOEs have a public mandate set 
by governments. While private firms are driven by profit maximization objectives, SOEs 
have to balance those with public mandates that may affect their cost structure and profits. 
Government ownership is often justified to correct market failures. One reason is the presence 
of natural monopolies, especially when fixed costs are substantial and involve significant 
risks. Other reasons are the provision of public goods and essential services or the presence 
of large externalities. SOEs are also often responsible for managing governments’ interests 
in the extractive industries. National oil companies are among the largest corporations in the 
world (Brazil, China, Mexico, Saudi Arabia, Russia) and control about half of the world’s 
hydrocarbon reserves.

SOEs are prominent in network industries (water, power, transportation). SOEs in the 
power sector are especially dominant in transmission and distribution given that they 
tend to be natural monopolies. Similar factors—natural monopoly, large fixed costs and 
externalities—provide a rationale for government intervention in the water sector (Menard 
and Peeroo 2011; World Bank 2004). Delivery systems require major investments in 
infrastructure, and potable water and adequate sewerage are essential for public health. Most 
countries have opted for a high degree of public provision through SOEs. Among advanced 
economies, public provision of water services is dominant in the majority (for example 
Australia, Germany, Japan and the United States; Pérard, 2009). The provision of public 
transportation, including at the local level, has involved significant government intervention 
justified by the need to ensure affordability as well as to address congestion, pollution or 
accidents. Local SOEs commonly provide ground transportation in advanced economies. 
For example, in the United States, governments or SOEs (transit authorities) account for 
more than 80 percent of transit services, including buses, rail and ferries (U.S. Department 
of Transportation, 2019). In addition, SOEs accounted for more than half of the value all 
infrastructure project commitments in emerging market economies and low-income develop-
ing countries (World Bank, 2017).5
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The presence of SOEs is also justified by governments as tools to pursue industrial policy 
or other development goals, including kick starting new sectors in developing countries. 
However, SOEs can also be found producing goods and services in competitive, mature 
sectors (for example soft drinks, cars, hotels or resorts) where the traditional reasons for their 
existence are not relevant.6 In some cases, this is based on historical factors, including saving 
companies during past economic crises or being a former member of the Soviet Union. SOEs 
are also used to pursue broader policy goals, such as promoting employment. The growing 
presence of SOEs in global markets has also generated new research to understand their objec-
tives, especially possible noncommercial objectives in foreign countries (Cuervo-Cazurra 
et al., 2014).

2.  POLICY MANDATES AND EFFICIENCY

The performance of SOEs can have large effects on public finances, the economy and social 
outcomes. SOEs are given a diverse set of policy mandates by governments including provi-
sion of public goods at affordable prices, building infrastructure and promoting development 
goals. However, many have raised concerns that many SOEs are inefficient, pose a significant 
burden on government budgets and are a channel for corruption.7 As providers of key inputs, 
inefficiencies in SOEs can undermine other sectors of the economy as it may lead to unreliable 
provision of services (for example power shortages) or higher costs (Figure 10.1). If SOEs 
are less efficient than private competitors, but are protected from competition, it can also 
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Figure 10.1 Supply of electricity



State-owned enterprises: Struggling to be efficient  221

undermine productivity in the economy as a whole by leading to a misallocation of resources 
(Restuccia and Rogerson, 2019; Song et al., 2011).

SOEs, especially in emerging market economies and low-income developing countries, 
have faced challenges in trying to achieve the policy mandates and pursue efficient and finan-
cially sustainable operations. The challenges can be broadly divided into three main groups. 
The first involves cases where the policy mandates are not appropriately funded, usually 
because they are not clearly specified or adequately costed. A second set of problems relates 
to wrong incentives. If SOEs benefit from advantages (for example bailouts or regulatory 
advantages) this could lead to weaker incentives to be efficient. Finally, another set of issues 
relates to weaknesses in transparency and governance. This includes corporate governance and 
the relationship between the government and management of the company.

2.1 Funding of Policy Mandates

One common problem faced by SOEs is that noncommercial activities are not well costed and 
budgeted, which can result in funding shortfalls and weaken the financial health of the firm. 
For example, SOEs may be mandated to sell goods at prices below cost, including providing 
public or universal service obligations (for example in the transport sector). Governments may 
also delay necessary funding due to financial constraints or not wanting to report higher fiscal 
deficits. In addition, some SOEs may be involved in quasi-fiscal activities that are not clearly 
defined. This includes, for example, local governments wanting to increase employment in 
their regions through the SOE, or asking the firms to be involved in social activities that are 
not part of the core activities of the company.8 These unfunded policy mandates often result 
in future fiscal costs when governments are called on to recapitalize the SOEs due to losses.

These issues are especially prevalent in regulated markets, where firms may be unable 
to set prices or tariffs at cost-recovery levels without being properly compensated by gov-
ernments. Such policies may be justified by policy goals, including to promote extensive 
coverage and affordability of services or to address other types of externalities (for example 
provision of water and sanitation has a significant impact on health). However, if the firms 
are not appropriately compensated it can undermine their operations over time. International 
experience suggests this is one of the reasons why a significant share of the population in 
low-income countries continues to lack access to electricity and water. In the power sector, 
network expansion and access relies largely on SOEs. Access to safe water also remains a chal-
lenge with more than 2 billion people estimated to lack safely managed water services, partly 
reflecting weak SOE performance (WHO and UNICEF, 2017; World Bank, 2004). A common 
problem in both power and water sectors is the failure to achieve cost recovery. For example, 
in a sample of developing countries in 2010–17, in 40 percent of power utilities tariffs were 
below operational costs and in almost all they did not cover all the costs (World Bank, 2019). 
Below-cost tariffs reduce the capacity to invest, lead to arrears and other short-term debt and 
undermine accessibility, sustainability and quality of services.9

Allowing SOEs (or even private operators) to charge prices that cover operational expenses, 
and much less investment, is also rare in local transportation especially among advanced 
economies. Governments struggle to find an appropriate balance of subsidies and tariffs to 
meet policy mandates (for example equity considerations, pollution and congestion). In the 
United States, revenues collected by the firm (mainly tariffs) account for just over one third of 
the operational costs in public transit. In Europe, the degree of subsidies varies significantly. 
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For example, for passenger rail in the European Union, revenues as a proportion of operating 
costs vary from less than 10 percent to more than 60 percent (Gleave, 2016). When the com-
panies are forced to operate systematically underfunded because there is no clear mechanism 
to compensate for the public mandate this can lead to underinvestment and poor maintenance 
of the transportation infrastructure and eventually the need for large government transfers.10

Another obstacle for efficient operations in SOEs regards employment policies. SOEs may 
be constrained regarding hiring and wage policies. One recurrent example is the use of SOEs 
to promote job growth, leading to overemployment in the firms and higher labor costs—which 
then weakens the firm’s efficiency and financial viability. One notable example are national oil 
companies (NOCs) that many oil-exporting countries create to exercise control over oil and 
gas exploration and garner potentially large profits for the state. However, NOCs are signifi-
cantly less profitable and efficient than their private peers, partly owing to pressures from the 
government to engage in excessive hiring (Figure 10.2). Further evidence is that SOEs tend to 
create many more jobs associated with their investment. (Figure 10.3)—job intensity is found 
to be 30 percent higher—possibly because SOEs tend to be large and subcontract fewer jobs 
and that SOEs have an implicit employment remit.

2.2 Budget Constraints and Preferential Treatment

The expectation that governments will eventually compensate, or bail out, the SOE for losses 
may lead to the perception that SOEs face soft budget constraints (Kornai, 1979) and are not 
subject to the discipline of capital markets (Megginson and Netter, 2001). This can reduce 
incentives for managers to pursue efficiency gains and may lead to taking larger risks, includ-
ing borrowing excessively. SOEs tend to be bailed out regularly by governments, in some 
cases involving large amounts (IMF, 2020; Musacchio and Pineda, 2019). In addition, SOEs 
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can survive longer than their private peers with systematic losses—in some sectors, more than 
one third of SOEs have losses for at least three years (Table 10.1). Soft budget constraints may 
be exacerbated by complex holding structures, which make them less transparent and difficult 
to monitor.

SOEs may also benefit from advantages granted by governments that shield them from com-
petition and reduce incentives to be efficient. These could include subsidies for regular opera-
tions or access to cheaper financing with government guarantees. IMF (2020) shows that SOEs 
benefit from lower debt-financing costs relative to private firms for a sample of 65 countries. 
For example, in China, SOEs benefit from preferential access to finance, land use at below-
market cost and sector-specific incentives (Bai et al., 2014; IMF, 2017; Maliszewski et al., 
2016). In Vietnam, the state-owned bus company has higher operational costs than its private 
competitors but benefits from lower borrowing costs resulting from government guarantees 
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Figure 10.3 Effect of 1 percent increase in net investment rate on employment

Table 10.1 Share of firms with at least three consecutive years of losses

(in percent)

Transport Utilities Manufacture Mining Construction Agriculture Communication

SOEs 43.5 36.6 33.9 29.2 28.3 27.8 19.7
Private 
firms 12.0 15.9 10.2 14.8 8.7 12.1 10.3

Note: The measure of persistent losses is based on return on assets (ROA). Persistent losses are proxied by three 
years of consecutive negative ROA. Data are from 1999 to 2017.

Sources: Orbis; National Resource Governance Institute; and Baum et al. (2020).
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(PPIAF, 2016). The concerns with government support also apply to other key sectors of the 
economy. Recent studies of the aluminum (2013–17) and semiconductor (2014–18) sectors 
estimated that firms, including SOEs, in these industries received government support of $70 
billion and $50 billion, respectively (OECD 2019a, 2019b). In these sectors, overcapacity is 
an issue and there is a concern that these SOEs are less efficient than the companies that they 
are replacing.

2.3 Governance and Oversight

Weak governance has also proven to be a daunting challenge among SOEs. It reflects several 
factors. One is the lack of clear mandates and a process to ensure accountability. This is espe-
cially important when profitability is just one of the objectives, making it harder to assess the 
overall performance. Another problem is that in many countries, government agencies lack the 
capacity or information to properly monitor SOEs (Allen and Vani, 2013). In many countries, 
few SOEs prepare financial statements in line with international practices which are published 
and audited or annual reports that document their performance. In addition, lack of transpar-
ency around the operations of SOEs and the relations between the firm and government are 
also common. These factors make SOEs more vulnerable to corruption, including through 
procurement processes and hiring (IMF, 2019). In a survey, 42 percent of SOE respondents 
reported that corrupt acts or other irregular practices had occurred in their company during the 
past three years (OECD, 2018a). In addition, the evidence suggests that 80 percent of foreign 
bribes go to SOE officials (OECD. 2014). This is especially the case with firms operating in 
the natural resources sector, where economic rents can be substantial.

Many countries also either lack key elements of good corporate governance for SOEs in their 
laws or do not fully implement such elements in practice. The governance responsibilities of 
the state include proper exercise of its ownership duties—including monitoring performance 
regularly and avoiding undue political interference and conflicts of interest. One challenge 
has been transparently selecting SOE boards that are independent and qualified. For example, 
a study of local public utilities in Italy found that when boards were dominated by politically 
connected directors, SOE employment was higher and firm performance was worse (Menozzi 
et al., 2012). Musacchio and Pineda (2019) also note that a large number of executive directors 
of Latin America’s SOEs lack a background in management or expertise on the sector where 
the company operates. Another challenge is to fully integrate good corporate governance 
practices in day-to-day activities, including effective internal controls and risk management 
systems. Even countries that were perceived to have relatively good monitoring and report-
ing of SOE activities have struggled with corruption in some of their largest companies (for 
example Brazil, South Africa).

3.  CROSS-COUNTRY EVIDENCE ON PERFORMANCE

Assessing the performance of SOEs and understanding its main drivers is critical, but difficult 
in practice. This is complicated by the very diverse goals. Many still strive to be profitable, 
but also need to contend with not always well-defined or transparent public mandates that may 
impact profitability and their cost structure. In many instances, SOEs do not submit regularly 
and timely information on their activities either to the public or even the government in some 
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cases. As such, analysis of the firms’ financial performance has been very limited. In addition, 
most attempts in the literature have focused on country studies, and in some cases a small 
group of countries, with little cross-country analysis that could shed light on what drives the 
differences in performance across sectors and countries.11

This section analyzes SOEs’ financial performance, and its main determinants, across more 
than 100 countries. The sample of close to 1 million individual firms, both SOEs and private 
firms over the period of 1999–2017 allows us to compare SOEs across countries and sectors 
and relative to private firms (see Appendix 1).12 Importantly, the data allow us to study if there 
is a systematic productivity gap between SOEs and private firms and whether this depends on 
different country and sector characteristics.13 Benchmarking SOEs with private firms helps to 
better understand their relative performance.

A simple comparison of financial indicators shows that SOEs perform relatively worse 
compared to private firms. This is true across many different indicators of financial perfor-
mance. Table 10.2 shows that the return on equity among private firms is 8 percentage points 
higher and labor productivity is six times higher than those of SOEs.14 The large differences 
in efficiency can have economy-wide implications, especially in countries where SOEs have a 
large presence or operate in key sectors of the economy. Even if SOEs are technically efficient, 
they may be unprofitable if they cannot adjust their prices to cover costs. This can put a burden 
on government budgets and exert a drag on growth by crowding out expenditure on areas like 
health and education (Shirley, 1995).

The difference in performance between SOEs and private firms could be partly explained 
by costs associated with SOEs’ policy mandates.15 However, other factors are also likely 
to be present. We analyze three main explanations discussed in the literature: (i) the role of 
market structure by looking at different sectors in which SOEs operate; (ii) the degree of state 
ownership; and (iii) the quality of governance. While we analyze the impact of each factor 
separately, their effect on firms’ performance may differ depending on the interaction of the 
different factors.

3.1 Key Drivers of Performance

One question is whether what matters is the ownership structure of the firm or the sector where 
they operate. If SOEs operate mainly in regulated sectors such as utilities this could explain 
why they underperform with respect to private firms—as in these sectors they have restrictions 

Table 10.2 SOEs’ financial performance relative to private firms

Return on 
Equity

Profits and 
losses margin

Cost per 
employee

Productivity Value added 
per employee

(in percent) thousands of USD

SOEs 0.6 1.6 31.0 19.3 37.8
Private firms 8.6 3.7 25.5 117.7 48.8

Note: Productivity is proxied by sales per employee; The nominal values are deflated using 2017 prices. Data are 
from 1999 to 2017.

Sources: Orbis, NRGI and authors’ calculations.
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on setting prices and may have additional requirements or mandates that raise costs. This is 
similar to the argument that SOEs do not perform significantly differently from private firms 
if they operate in competitive environment or in the same industry (Kole and Mulherin, 1997). 
However, the data show that there is a gap between SOEs and private firms across all sectors 
(Figure 10.4), although it suggests the productivity gap may be lower in more regulated 
sectors—between 3 and 4 percentage points in public utilities and transportation—and larger 
in more competitive markets, for example the gap is 9 percentage points in manufacturing.16

Another question is whether the degree of government ownership matters. If governments 
have private partners, it may help improve performance as private investors will put more 
emphasis on profits and efficiency (Vining and Boardman, 1992). Simple descriptive statistics 
show that the degree of state ownership appears to matter. Figure 10.5 shows that private firms 
perform significantly better than firms where the government has a minority ownership. In 
turn, these perform better than firms with government majority ownership. This relationship 
is robust when controlling for country and sector differences. For example, private firms and 
SOEs with government ownership below 50 percent have returns on equity that are higher 
than those of SOEs that are majority owned by the government, 6 percentage points and 0.7 
percentage points, respectively (Table A.3, Appendix 2).17,18 

Finally, we examine the impact of governance on performance. As discussed, when assess-
ing governance, it is crucial to take into account the relationship between governments and the 
company. Weak institutions in local or national governments are likely to impact more SOEs 
given the close relationship with public officials. This could include several forms of corrup-
tion, such as: (i) political influence and favoritism; (ii) poorly managed conflicts of interest; 
and (iii) lack of independent and professional boards and management (see Baum et al. 2019). 
As such, to study the impact of the quality of governance, we take a widely used indicator on 
the degree of control of corruption in government.19
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from 1999 to 2017.

Sources: Orbis, NRGI and authors’ calculations.

Figure 10.4 Relative performance of SOEs by sector
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The evidence shows that, on average, firms in strong governance countries have better 
performance than in countries with low governance (Figure 10.6). This result is confirmed by 
cross-country analysis that controls for other factors. Table A.4 in Appendix 2 shows the results 
for SOEs with majority government ownership. The estimated coefficient for governance 
always has the expected sign and is strongly significant. Weak governance (or high corruption) 
is associated with lower profitability, lower productivity and value added per employee, and 
higher labor costs.

(Difference between firms in countries with strong governance and firms in countries with 
weak governance; percentage points)
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Government majority ownership

Private firms

Return on equity Productivity

Note: Productivity is proxied by sales per employee; The nominal values are deflated using 2017 prices. Data are 
from 1999 to 2017.

Sources: Orbis, NRGI and authors’ calculations.

Figure 10.6 Governance and performance
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Figure 10.5 Degree of state ownership and firms’ performance
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How does the impact of governance depend on the type of ownership? Table A.5 in 
Appendix 2 presents the results. It shows that the interaction term between the control of cor-
ruption and ownership is negative for profits and productivity—that is, changes in the degree 
of governance will have a larger impact on SOEs than private firms. It confirms that SOEs are 
more vulnerable to weaker governance (corruption) in government. Figure 10.7 illustrates two 
key messages from the analysis. First, SOEs are significantly more profitable and efficient in 
countries with low corruption. Second, the performance gap between private firms and SOEs 
can be also explained by governance. Namely, private firms in weak governance countries 
are almost three times more productive than SOEs on average. That gap almost disappears 
in countries with strong governance (we find similar trends for profitability). The remaining 
(much smaller) gap may be due to the cost of public mandates.

One possible driver of performance across different degrees of governance is the sector in 
which the SOE operates. Countries with better governance are more selective, having SOEs 
in specific sectors, especially utilities and transportation, in which there is a stronger reason 
for intervention and the performance of SOEs is closer to that of private firms (Figure 10.8). 
These countries have fewer SOEs in sectors where private firms have significantly superior 
performance (for example, manufacturing).

4.  INSTITUTIONAL FRAMEWORKS TO IMPROVE PERFORMANCE 
AND ACCOUNTABILITY

The international experience provides important lessons on how to design institutions and 
frameworks to bolster the performance of SOEs. In particular, successful countries demand 
that SOEs deliver value for money, that is: achieve their policy mandates (noncommercial 
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Figure 10.7 Governance, ownership and performance
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objectives) efficiently and be profitable or, at least, not be a burden on the government budget. 
The evidence also suggests that reforms can have large impacts on profitability and efficiency 
of SOEs, especially reforms on pricing and SOE governance (Baum et al., 2019; IMF, 2020). 
The experiences also show that there is not one specific institutional feature that assures suc-
cess, but instead there are mutually reinforcing elements. A more critical aspect is to ensure 
actual implementation of the legal and regulatory frameworks for SOEs.

4.1 Objectives, Incentives and Monitoring

An important pillar of a sound framework is that the decision on whether to have an SOE should 
be assessed vis-à-vis other types of government intervention or private sector participation. For 
example, a cost−benefit analysis may show that other alternatives may be better (or worse), 
including regulation with private sector participation, or some other form of public−private 
partnership. In addition, when using SOEs to achieve broader policy goals, such as reducing 
poverty or generating jobs, more traditional fiscal policy instruments could be more efficient 
(for example targeted transfers to poorer households).

If using SOEs, governments need to ensure their boards and managers have the right incen-
tives to run the firm efficiently and with sound risk management in order to deliver value for 
money. This can be particularly challenging given the difficulty in observing management 
efforts in SOEs that are not run solely on a commercial basis and the complexity in setting 
measurable performance objectives (for example quality of service or social goals). A robust 
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framework needs to (i) have clearly defined and specific goals, both regarding policy mandates 
(for example economic, social, environmental) and financial performance; and (ii) ensure 
managers of SOEs have the right incentives to pursue those objectives. This will also help 
avoid using the company for less transparent activities and that may carry substantial costs 
that have not been properly vetted or budgeted.

Governments should set clear ownership objectives that are regularly reviewed to remain 
relevant and that the reasons for the existence of the SOE remains valid. For example, the 
Nordic countries in Europe specify their objectives and review their framework, including the 
rationale for ownership or changes in ownership policy, on a regular basis (OECD, 2018b). 
Ownership policies should clearly state (i) the mandates, objectives and a dividend policy for 
SOEs; (ii) the approach to achieving professional boards of directors; (iii) the functions carried 
out by the government as owner of the SOE and its coordination with fiscal risk oversight func-
tions; and (iv) the way the government exercises its ownership rights (Allen and Alves, 2016).

One of the thorniest aspects is to clearly identify noncommercial objectives and ensure 
consistency between them and the financial targets (Box 10.1). It may be difficult to precisely 
define the noncommercial objectives, but it will be important to set targets that are as specific as 
possible, cost them, and define a compensation if they imply large losses to the company.20 Some 
countries (for example Australia) require SOEs to add value to their shareholders by gaining 
efficiency in operation and pricing, thereby earning at least a commercial return, which would 
help ensure the financial sustainability of the business. This may require that the government 
partly (or fully) funds the costs of noncommercial activities through subsidies or other transfers. 
Some countries adjust the targeted profitability ratios by uncompensated costs of the noncom-
mercial activities. In Sweden policy targets and financial targets are normally set together, which 
allows the public policy targets to be balanced against the impact on financial returns.

BOX 10.1. POLICY MANDATES IN REGULATED MARKETS

The tension between achieving policy goals and ensuring the SOE is financially sound and efficient 
is particularly pronounced in regulated markets. In sectors such as public utilities and transportation, 
governments are usually trying to balance many interests including achieving universal access at 
affordable prices and normal returns on investments whilst taking into account externalities associ-
ated with these activities—for example, impact on health and education of having poor water and 
electricity services or pollution from traffic. Some of the issues are relevant whether the monopolist 
operator is private or state owned (for example incentive to overcharge consumers and underin-
vest); however, some others are specific to SOEs. This includes the firms being given unfunded 
mandates that eventually lead to poorer services, low efficiency, and eventually create fiscal risks 
to the budgets. Conversely, SOEs may be given preferential advantages (funding, regulatory) over 
private firms that are more efficient.

Getting the price right. Preferably, prices should be set to ensure cost recovery (including reasonable 
return on new investments). However, this is not always straightforward and there may be complex 
design issues.

• Prices may be set below cost, especially in low-income countries, where a large segment of the 
population is poor and social safety nets are not well developed. In such cases, there should be 
a transparent process for governments to provide appropriate compensation in a timely manner 
that ensures the firm’s financial sustainability and incentives for managers to be efficient (for 
example, compensation could be based on cost benchmarks). Similarly, it is important to 
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prevent excessively high prices if the SOE has monopoly power because high prices may lead 
to inefficiencies. 

• The pricing policy in sectors with negative externalities (for example, fossil fuels that lead to 
pollution and health problems) should also be adjusted. This may undermine other goals, 
including equity, and as such needs to be accompanied by other actions, such as support to 
poorer households. 

• Pricing decisions should be transparent and depoliticized, for example by introducing automatic 
adjustment mechanisms for fuel prices or tariffs.

Independent regulatory agencies need to balance different interests, ensuring that government and 
firms operate according to transparent and well-defined rules. For example, regulators can ensure 
tariffs in public utilities are set to balance affordability with the need to cover costs. Regulators can 
also promote a level playing field when private investors are involved. When dealing with SOEs, 
regulators can help by encouraging reforms to improve efficiency (including governance), and 
setting benchmarks for costs and quality indicators, and assess whether revenues are enough to 
cover for needed investment and maintenance expenditures. However, when SOEs are monopolists 
or have a dominant role, the effectiveness of regulators has been much lower than when there are 
private competitors—possibly because SOEs feel more constrained to follow regulations (World 
Bank, 2019). Another challenge is to develop enough capacity in regulatory agencies to analyze 
complex issues, such as setting appropriate pricing policies when there are conflicting objectives 
and limited information.

Governments also need to develop instruments to ensure management incentives are aligned 
with the owner’s priorities. SOE management should have the autonomy to decide how best 
to pursue the objectives but needs to ensure they are in line with the policy priorities. This 
requires striking the right balance between effective oversight and limiting (undue) political 
interference. In Sweden and Norway, the government uses the owner’s dialogue—regular 
meetings between the owner and the company—to track financial and public policy targets. 
In Norway, the ownership policy clarifies that opinions conveyed by the state during these 
meetings are suggestions and the board makes the decisions. The Danish ownership policy also 
qualifies that government communication with company management must not imply that the 
minister de facto leads the corporation. In practice this balance it not always easy to achieve 
especially if governance is weak.

The monitoring and regular assessment of SOE management can be done through perfor-
mance contracts, but their effectiveness will depend on their design and on supportive institu-
tions. They need to contain a clear definition of the objectives, strategy, a set of performance 
indicators, reporting obligations, the dividend policy and a clear allocation of responsibilities 
for non-compliance. Performance contracts can be complex to design and difficult to imple-
ment, especially in setting both the commercial and noncommercial obligations—they need 
to be clear on these targets and consistent with broader ownership policy objectives. But these 
contracts are not a panacea. They have been relatively effective in some countries, especially 
those with high governance overall. For example, New Zealand has a sound and effective 
performance contracting framework within which SOEs’ goals are informed by risk oversight 
and fiscal objectives. On the other hand, Shirley (1998) and Simpson and Nyante (2015) found 
that the implementation of performance contracts among developing countries has not been 
effective. Weaknesses have been associated with (i) multiple or changing objectives or lack of 
link between targets and the effort of the manager; (ii) unrealistic objectives; (iii) ill-designed 
incentives for management (for example bonus, sanctions); (iii) insufficient monitoring, often 
due to weak involvement by the board in the design and execution of the agreements, or to a 
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faulty assessment of the costs of noncommercial activities; and (iv) lack of legal mechanisms 
or political will to enforce the contracts.

Another frequent problem is that monitoring is underdeveloped. In some countries, govern-
ments do not even have individual or aggregate comprehensive information on all SOEs they 
own. For effective monitoring, all SOEs should be required to provide timely, regular and reli-
able reports on their operations. If there are capacity constraints, monitoring could prioritize a 
subset of SOEs in a first stage. For example, those that run complex business models (where it 
is difficult to assess performance and risks), represent large fiscal risks or SOEs where disrup-
tions could have negative economic effects. Governments should also strive to benchmark 
SOEs’ financial performance to other SOEs (and private firms) in other countries and in the 
same sectors. This can provide an indication of potential weaknesses if an SOE performs worse 
than its sectoral peers in other countries. The benchmarks can be useful to help set goals and 
expectations regarding the financial performance of the SOE.21 Governments should also 
establish sound systems for monitoring potential fiscal risks and costs (Baum et al. 2021) in 
relation to direct and indirect transactions with SOEs (repayment of budget loans, potential for 
call on guarantees, lower than anticipated dividends).

The degree of transparency regarding SOEs also remains limited, preventing greater exter-
nal scrutiny by the public and markets. Financial information on SOEs remains very uneven 
and in many countries sparse. This is especially the case for national oil companies, which 
should require a higher degree of transparency given they manage large assets of the country 
(NRGI, 2019). Disclosure of SOE financial statements is the prevailing practice in advanced 
economies, whereas in emerging market economies disclosure is often restricted to listed 
SOEs. Publishing regular reports with detailed information and analysis of the performance 
of the SOE sector at the aggregate and company levels is an important step towards greater 
transparency and accountability.22

Countries also need to develop institutional capacity to effectively monitor SOEs. One 
of the problems is that a fragmented approach, with several agencies and ministers sharing 
responsibility, can weaken the ability to do proper oversight. A strong oversight and control 
agency can yield better performance from SOEs (Musacchio and Pineda, 2019). A centralized 
model provides the potential for ensuring consistency between the ownership (for example, 
representation on company boards, strategic direction of firms) and financial oversight func-
tions. It could take the form of an autonomous agency or holding company (as in Finland, 
France, Kenya, Malaysia, Peru and Singapore). Holding companies―particularly in countries 
with  sound  governance  and  oversight  arrangements  in  place―exhibit  advantages  when 
managers have professional expertise and they protect SOEs from undue political interfer-
ence. Whatever the specific model, however, having one government unit responsible for the 
financial oversight of SOEs (for example in the Ministry of Finance) has important benefits 
including making oversight activities more coherent, while pooling experts from different 
areas. In addition, especially for large SOEs with complex businesses, bringing in private 
shareholders (mixed ownership) could help promote greater focus on efficiency and provide 
another layer of external oversight.

4.2 Corporate Governance

Another pillar of the framework is establishing and enforcing SOE good corporate governance 
standards. The OECD Guidelines on Corporate Governance of SOEs (OECD, 2015) is the 
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most well-known benchmark in this area. The composition of SOE boards plays a significant 
role in the quality of corporate governance. There has been a growing call for promoting 
independent and professional boards that can help ensure proper accountability. In some 
countries, some or all of the members of the boards of directors are required to be independent 
of the government (for example, Canada, Germany, Netherlands and Switzerland). However, 
implementing high corporate governance standards remains challenging in many low-income 
and developing countries.

Appropriate regulation of SOEs is another important element of corporate governance. In 
some countries, at least the largest SOEs are subject to the same regulatory framework as listed 
private companies (for example Chile, Netherlands, Norway and Sweden). Adoption of bank-
ruptcy laws or non-bailout clauses can be useful to impose discipline but may not be enough 
in practice. It requires a high degree of transparency, namely comprehensive and frequently 
disclosed financial information of SOEs. In addition, SOEs should not have preferential 
access to other financing sources, such as cheap credit from public banks or preferential loans 
from other non-financial SOEs. Moreover, the strength of incentives will also depend on the 
government’s commitment to a no-bailout clause (or allow a SOE to go bankrupt). It may be 
difficult or unrealistic that governments will not support SOEs that have a systemic importance 
(for example, could have a significant detrimental impact on economic activity) or provide 
critical basic services (for example water) such a commitment is like to be less credible. In 
such situations, financial support should be accompanied by plans to strengthen the business 
model of the company and address the reasons behind the financial problems.

4.3 A Comprehensive View of Public Finances

Given that SOEs use public resources and pursue policy goals, it is important to ensure that 
they operate consistently with the broader fiscal objectives. However, this is an area that is 
much less developed. In general, SOEs are not consolidated in fiscal statistics and discussion 
in government budgets tends to be limited. The lack of comprehensive data and policy strategy 
has important disadvantages. First, it means there is no competition for the best use of public 
resources. SOEs may receive funds from the budget that could be better and more efficiently 
used in other areas or priorities. Second, it may undermine a full diagnostic of potential 
vulnerabilities of the public sector—for example, management of assets and liabilities will 
be hampered if it does not take into consideration SOEs’ balance sheets, which may have 
large assets or be highly indebted. Third, it reduces transparency on the financial interactions 
between the government and SOEs. In recent years, there is greater awareness of the need for 
progress in these issues.

There is a growing trend to gradually expand the coverage of fiscal reporting towards the 
whole public sector. Some countries or regions already implement a public sector balance sheet 
approach (Australia, New Zealand, United Kingdom) or partially reflect SOEs in the public 
accounts (for example, common in Latin America). But for many others data coverage beyond 
budgetary central government remains very limited.23 It will be important to make further pro-
gress towards integrating SOEs into the fiscal accounts and in the public sector balance sheet.24 
One widespread weakness is that quasi-fiscal (noncommercial) activities and non-monetary 
transfers are generally not appropriately reflected in government budgets.25 More efforts are 
needed to transparently disclose government mandates in the budget, including the costs and 
fiscal risks associated with the operations of the SOEs.
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There is also a about debate whether to include non-financial SOEs in fiscal targets (for 
example deficits and debt). Doing so, would create greater incentives for fiscal discipline and 
transparency because governments will likely exercise greater oversight over SOEs’ overall 
borrowing and the ability to circumvent fiscal targets would be more limited. Inclusion would 
ensure that the broader fiscal policy goals are consistent across the public sector. Many govern-
ments in Latin America already include most non-financial SOEs in the fiscal targets; but it is 
unusual in other regions of the world. Governments should ensure comprehensive coverage 
in fiscal targets of at a minimum non-financial SOEs that pose significant fiscal risks and for 
which the government is a majority shareholder.
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APPENDIX 1: DATA AND EMPIRICAL METHODOLOGY

A1.1 Data on Firms

We use the Orbis database as our primary source. SOEs in Orbis are identified through owner-
ship as ‘organizations ultimately owned or de facto controlled by the public sector entities’. 
The analysis is based on unconsolidated financial data of domestically owned SOEs in sec-
tors, excluding the financial sector. Our secondary source for data on national oil companies 
(NOCs) comes from the Natural Resource Governance Institute. This database covers 71 
NOCs headquartered in 61 countries. Finally, for some countries, we complement the data 
from national authorities and data collected by IMF staff. The final sample contains about 
15 000 majority state-owned enterprises and 4000 minority state-owned enterprises. Table A.1 
in Appendix 2 contains the list of 102 countries in the SOEs sample between 1999 and 2017 
after cleaning the data (following the approach in Baum et al. 2019).

A1.2 Econometric Approach

How does the degree of state ownership affect the performance of SOEs? To what extend does 
governance and sector affect the performance of SOEs compared to private firms? Formally, 
the relationship between the performance of SOEs and governance or ownership can be 
described as:

 α α α= + + + ε/ ,0 1 2PER Ownership Governance Xi i t i  (10.1)

where PERi,t represents a specific performance indicator of an SOE i at time t. Xi,t is a vector of 
observable covariates and εi is a vector of unobservables. Many variables are used to gauge the 
performance of SOEs. Some variables assess their profitability (return on equity and operating 
margin) and others to assess their efficiency (cost of employees per operating revenue, sales 
per employee, and value added per employee). The variables of interest are ownership and 
governance. Ownership varies across firms from 0 percent (private ownership) to 100 percent 
(full government ownership) and is fixed over time due to data limitations (and being slow 
changing in time). Given that there is no database with a systematic measure of governance at 
the firm level, we use a measure of governance at the country level. The estimation uses the 
control of corruption (CoC) index from the World Governance Indicators (WGI) as a proxy 
of governance. Governance measures―including  the CoC of  the WGI―tend  to be highly 
persistent (almost time invariant). Therefore, estimating equation (10.1) using cross-country 
standard regression techniques such as the fixed-effect (FE) estimation to isolate the effect of 
governance is challenging as the FE transformation eliminates all time-invariant regressors. To 
tackle this issue, we use the classical pooled-cross section regression model while considering 
the heteroskedasticity in the sample and differences in performance between firms due to the 
fact that they are operating in different sectors.

To analyze the different impacts of governance on SOEs and private firms, we expand 
equation (10.1) by building on a similar approach as Dewenter and Malatesta (2001), who 
focus on the effect of ownership on firm performance:

 α α α α α α= + + + + + + ε +0 1 2 3 4 5PER Ownership Ownership G G X Yi i i k k i k i i  (10.2)
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Ownershipi is a dummy variable that allows us to identify private firms and SOEs. In some 
specifications, we use the exact value of ownership instead of the dummy. Gk is a measure 
of the quality of governance in country k. Xi represents a set of firm-level characteristics 
such as liquidity, solvency and other firm-level characteristics suggested in the literature. μi 
are sectoral dummies. Yk,t represents some non-firm level controls such as real GDP growth, 
GDP per capita (PPP) and natural resource endowment. We control for GDP per capita as the 
performance of firms may be correlated with the level of development. We control for natural 
resource  endowment―proxied  as  the  share of  oil  exports  to  total  exports―because  it  can 
affect both the performance of firms and corruption. Indeed, the literature (see for example 
Brollo et al., 2013) suggests that windfalls associated with natural resources may exacerbate 
corruption, while at the same time raising the profitability of firms, particularly in the extrac-
tive sectors. We also control for a dummy for transition economies from the former Soviet 
Union given the importance of SOEs in these countries.

A1.3 Robustness Checks

We ran a number of exercises to test the robustness of the results. First, the analysis used the 
control of corruption indicator as a proxy for a country’s governance. As an alternative, we 
use a government effectiveness indicator (Kaufmann et al., 2007, 2010).26 Second, because 
the coverage in Orbis varies significantly across countries, we keep only countries with a 
coverage of at least 60 percent.27 A third robustness check is done to improve the comparison 
between SOEs and private-owned firms (POEs) in the sample. Most of the companies in 
the sample―about 98 percent―are private firms. To make the comparison meaningful, we 
restrict the sample such that we only keep private firms within a sector that has at least one 
SOE. Fourth, to address potential sample bias, we restrict countries in the sample of POEs to 
be the same as those in the sample of SOEs. If firms in the private sector primarily belong to 
countries with stronger governance and those in the public sector are in countries with weaker 
governance, it could bias the results towards the conclusion that weak governance hinders 
SOEs more than POEs.
We also use an alternative two-step approach―instead of a pooled regression―to deal with 

the fact that some of our variables are time-variant (for example leverage and GDP growth) 
while others are time-invariant (ownership) or almost time-invariant (governance). Hsiao 
(2003) was the first to propose the two-step approach. In the first step, equation (10.1) is esti-
mated by using the within estimator (fixed effects) and including only time-varying regressors. 
The first step allows us to include firm-fixed effects to identify the effect of all characteristics 
that are time-variant, introduce lagged dependent variables, and use clustered standard errors. 
Given that the first step includes FEs, the FE transformation eliminates all time-invariant or 
almost time-invariant regressions. This is why in the second step the estimated fixed effects are 
regressed on slowly moving variables (for example governance) with a between estimator.28 
This allows us to identify their effects.

In all these robustness checks, the results are similar to those of the baseline regressions both 
qualitatively and quantitatively.29
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APPENDIX 2: TABLES

Table 10.A1 Distribution of countries in the SOE sample by income level

Advanced Economies Emerging Markets Low-Income Countries
Austria
Belgium
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Iceland
Italy
Japan
Korea
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Norway
Portugal
Singapore
Slovakia
Slovenia
Spain
Sweden
Switzerland
Taiwan: Province of 
China 

Algeria
Angola
Argentina
Azerbaijan
Bahrain
Bolivia
Bosnia & Herzegovina
Brazil
Brunei Darussalam
Bulgaria
Cabo Verde
Chile
China
Colombia
Croatia
Ecuador
Egypt
Equatorial Guinea
Gabon
Hungary
India
Indonesia
Iran, I. Rep. of
Iraq
Jamaica
Kazakhstan
Kosovo
Libya

Macedonia, FYR
Mexico
Montenegro
Namibia
Oman
Pakistan
Panama
Peru
Philippines
Poland
Qatar
Romania
Russia
Saudi Arabia
Serbia
South Africa
Suriname
Thailand
Trinidad and Tobago
Tunisia
Turkmenistan
Ukraine
United Arab Emirates
Vietnam
Venezuela

Bangladesh
Cameroon
Chad
Democratic Republic 
of Congo
Republic of Congo
Cote d’Ivoire
Ethiopia
Ghana
Kenya
Liberia
Moldova
Mozambique
Myanmar
Nepal
Nigeria
South Sudan
Sudan
Tanzania
Timor-Leste
Yemen

28 countries 53 countries 21 countries

Source: Authors’ compilation.
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NOTES

 1. The authors would like to thank various IMF colleagues and the editors of this handbook for their comments. The 
views expressed in this chapter are those of the authors and do not necessarily represent the views of the IMF, its 
Executive Board, or IMF management.

 2. International Monetary Fund.
 3. International Monetary Fund.
  4.  Although there is no commonly accepted definition of an SOE, there are some shared elements as the entity: has its 

own, separate legal personality; is at least partially controlled by a government unit; and engages predominantly 
in commercial or economic activities. Assessing government control of an entity involves judgment. A govern-
ment may exercise significant influence over corporate decisions even when it owns a small number of shares. 
Our focus will be mainly in companies where the government owns a majority of its equity.

  5.  In this chapter, the focus is on non-financial SOEs. However, state-owned (public) banks are also an important 
part of modern economies.

 6. This is particularly common and recurrent in many developing countries. For example, see Krueger (1990).
 7. See IMF (2020), Musacchio and Pineda (2019), OECD (2018a), Transparency International (2018) and World 

Bank (2004).
  8.  Petri and Taube (2003) estimate quasi-fiscal activities in the energy sector at 26.7 percent of GDP in Azerbaijan in 

1999 and 6.5 percent in Ukraine in 2000. Trimble et al. (2016) estimate that quasi-fiscal deficits in Sub-Saharan 
Africa’s electricity sector are about 1.6 percent of GDP with 10 countries where it exceeds 2 percent of GDP.

 9. Some of these issues also appear with private providers as governments may still constrain their ability to charge 
prices or collect fees. Privatization or allowing private operators also does not always deliver improvements in 
efficiency. In advanced economies, evidence is mixed on whether reforms delivered the anticipated efficiency 
gains (Gathon and Pestiau, 1995).

10. For instance, in Chile, the 2007 reform of the informal bus transportation system in the capital has been perceived 
as not successful. The intention was to reduce congestion, pollution and accidents through additional bus lines and 
fare integration with the metro (Gomez-Lobo, 2012). But the reform also required large investments that could 
not be covered by tariffs. The financial viability of the SOE operating the metro deteriorated rapidly, resulting in 
large direct subsidies from the government.

11. Some recent studies have looked at groups of European countries, including EC (2016).
12. About 15 000 are majority state owned, and 4000 are minority state owned. Due to data constraints the analysis 

relies mainly on firms from advanced and emerging market economies. The sample includes sectors where non-
financial SOEs could potentially compete with private firms: agriculture, electricity and gas, water and sewerage, 
mining (including oil) and quarrying, manufacturing, communication, and construction. Adding wholesale and 
retail trade does not change the main results.

13.  The analysis is based on financial data. For example, labor productivity is proxied by sales per employee, which 
does not necessarily only reflect differences in technical efficiency.

14.  This result is confirmed when controlling for different factors (Table A.2–A.5 in Appendix 2). It is also consistent 
with Dewenter and Malatesta (2001) and more recent studies for China, Russia, and other countries in the Central, 
Eastern and Southeastern European region (Abramov et al., 2017; Lardy, 2019; Richmond et al., 2019). However, 
for Chinese SOEs, the evidence on labor productivity is mixed. Hsieh and Song (2015) find that labor productivity 
was similar between Chinese SOEs and private firms. However, capital productivity was much lower for SOEs.

15.  The systemic difference in performance between SOEs and private firms is confirmed through several robustness 
checks (see the Appendix). For example, we use a two-step approach (in addition to the pooled regression) that 
allows us to identify both time-varying (including lagged variables) and time-invariant determinants of financial 
performance. The results are qualitatively and quantitatively close.

16. Goldeng et al. (2008) found similar results using Norwegian data.
17.  Table A.2. in Appendix 2 contains only SOEs. The estimated coefficient for the degree of state ownership has the 

expected sign and is statistically significant. That is, the higher the degree of state ownership, the lower are the 
profits (return on equity, return on assets or profit margins), the lower is labor productivity (sales per employee) 
and value added per employee and the higher is labor cost per operating revenue.

18.  The analysis compares SOEs with government ownership below 50 percent, above 50, and private firms (no gov-
ernment ownership). To this end, we created dummies for each category of firm and used SOEs with government 
ownership between 50 percent and 100 percent as the reference group (the baseline).

19. We use the control of corruption (CC) indicator from the Worldwide Governance Indicators (WGI). The CC is 
mainly based on surveys of perception of corruption (see Kaufmann et al., 2007, 2010), and available since 1996. 
This indicator uses information from a variety of household and business surveys. However, caution is needed 
in interpreting scores for any individual country given measurement error because the quality of underlying data 
varies across countries and data sources. Hamilton and Hammer (2018) shown that the Corruption Perception Index 
(from Transparency International) and the Control of Corruption are―despite some limitations―the most valid 
measures of the magnitude of overall corruption in many countries. These two indicators are strongly correlated.
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20. Fearnley and Aarhaug (2019), using as an example the urban transportation in Norway, illustrate how complex 
it can be to assess which groups benefit the most from government subsidies and how to ensure different policy 
objectives are met (redistribution and green goals).

21. These could include indicators of (i) profitability (for example return on equity or assets), which provides an 
indication of whether the assets of the government are being well used and likely future flows to the government; 
(ii) leverage and liquidity to gauge the level of indebtedness of the SOEs and risk of financial distress and need 
for government support; (ii) revenues and costs per worker to help assess the efficiency of the SOE (see Baum 
et al., 2020).

22. India, Paraguay, the Philippines and Sweden publish reports on the aggregate performance of the SOE sector. 
Brazil, Ghana, India, Korea and Sweden also provide information at the individual SOE level. Note that in general 
these reports do not include subnational SOEs.

23. Based on IMF’s Fiscal Transparency Evaluations since 2014, around 90 percent of the countries evaluated did 
not publish comprehensive information on the public sector.

24. The integration of SOEs in public accounts require harmonized reporting frameworks to be developed across 
various public entities to improve public financial management capacity.

25. The IMF’s Fiscal Transparency Handbook recommends the disclosure of quasi-fiscal activities, including the 
rationale for undertaking them and the mechanisms used to compensate SOEs.

26. This indicator measures the quality of public services, civil service, policy formulation, policy implementation 
and credibility of the government’s commitment to raise these qualities or to keep them high. Note also that the 
control of corruption is highly correlated with other measures of corruption, like the one from Transparency 
International.

27. Kalemli-Ozcan and others (2015) computed coverage ratios by dividing the value of total output produced in 
ORBIS (operating revenue) by the value of total output produced in a given country for a given year for European 
countries. For example, the average coverage of the Netherlands is low (about 26 percent) while the average 
coverage of Estonia is excellent (about 91 percent).

28. This estimator has been used by other authors to deal with time-invariant regressors. See Baum et al. (2019) for 
more technical details.

29. The results are available upon request.
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11. Public spending efficiency in compulsory education
 Douglas Sutherland1

1. WHAT IS EDUCATION SPENDING EFFICIENCY?

With government debt levels having risen as a legacy of the COVID-19 shock coupled with 
a secular slowing of trend growth in many (OECD) countries and ageing-related spending 
continuing to mount, government budgets face considerable pressure. Education accounts 
for a sizeable proportion of government spending, such that improving spending efficiency 
is an important objective (Agasisti, 2014). The link between investment in education and 
subsequent growth argues for maintaining spending while the pressures on public finance 
focus attention on minimising inefficiency without undermining educational outcomes and, 
as such, realising savings where possible. As a result, spending efficiency in compulsory 
education requires action that balances the costs of provision with the wider benefits arising 
from having a more educated population.

The public sector typically plays an important role in financing education in primary and 
secondary schools  (OECD, 2017). Raising educational attainment −  through  the effects on 
the  skills  of  the  population  −  strengthens  labour market  skills,  boosting  productivity  and 
economic wellbeing in the longer term (Hanushek & Woessmann, 2020). Using resources 
efficiently promises to pay dividends. Analysis assessing potential improvements from rais-
ing educational attainment to output growth suggest sizeable impacts (Canton et al, 2018). 
The benefits have encouraged governments to play an active role in primary and secondary 
education (hereafter, compulsory education). Raising the skills of the population in the coming 
decades will be important in harnessing the increasing digitalisation of economies and meeting 
the demands of shifting patterns of employment. Facing the headwinds created by ageing 
populations, compulsory education will need to remain flexible in providing the skills needed 
for the future.

However, measurable educational outcomes are not the sole metric to assess educational 
systems, particularly by parents and politicians. For example, schools are important beyond 
attainment of traditional academic skills, including through influencing pupil behaviour 
and their social attitudes, civic engagement and equity or equality of opportunity. In this 
light, assessing measurable efficiency for policy purposes requires an appreciation of other 
objectives. Furthermore, the education production function is difficult to define. Educational 
systems organise themselves differently making direct comparison complicated. For example, 
school-level analysis will take into account the resources determined by the school, such as 
teacher numbers, but may fail to account for centralised purchases of textbooks and other 
educational inputs. The relative role of the school and educational ministries in undertaking 
pedagogical work to develop curricula and teaching methods will also complicate comparison 
of schools across countries. Furthermore, schools in OECD countries may offer ancillary 
services – such as meals, transport, sport and housing – to support students and their families. 
As such, simple spending comparisons may miss differences in the functions of the school.
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The operation of schools involves a host of principal-agent relationships between different 
stakeholders that influence school priorities and resource utilisation (for example central and 
local government; local government and schools; parents and teachers). The decentralisation 
of resources and the autonomy of resource use can mean that local preferences are better met, 
but spending may diverge from achieving national priorities. As a result, countries often estab-
lish monitoring and evaluation systems to ensure that resources are being used as intended 
(Fakharzadeh, 2016). That said, attempts to wring out efficiency gains can create tensions 
between pedagogical leadership and resource management responsibilities. As such, paying 
greater attention to one output can lead to less desirable outcomes along the lines explored 
in public sector multitask-principal-agent settings (Dixit, 2002). For example, attempts to 
constrain spending pressures emanating from teachers’ salaries may prove counterproductive 
by dissuading highly qualified candidates from entering − and good teachers remaining in − 
teaching (OECD, 2020).

2.  IMPORTANCE OF COMPULSORY EDUCATION IN PUBLIC 
FINANCES

Spending on primary and secondary education mainly flows to compulsory education. In 
OECD countries, such spending represents on average around 3½ per cent of GDP, of which 
the overwhelming majority comes from the public purse (over 90 per cent). However, in some 
countries the private sector can be an important source of funding (reaching almost one-third 
of spending in Turkey, for example). There is considerable variation across countries with 
spending in primary and secondary education equivalent to 2.3 per cent of GDP in Lithuania 
and rising to 4.7 per cent of GDP in Costa Rica (Figure 11.1). The use of GDP as a denomina-
tor can be misleading when there are sizeable differences with gross national income, as is 
the case for Ireland and Luxembourg. The amount spent on compulsory education has been 
squeezed over time. Around major turning points in economic cycles, spending on education 
has typically declined. Spending on compulsory education in the wake of the Global Financial 
Crisis of 2008 was generally less affected than tertiary education. However, notwithstanding 
declining student rolls in a number of countries, such as Japan, spending has not kept pace 
with GDP growth on average.

Annual spending on primary and secondary education in OECD countries was on average 
around $9000−$10 000 per student in 2017 (OECD, 2020).2 Spending per student tends to 
rise with the level of education, such that on average primary education spending is somewhat 
lower than at the secondary level. The variation across countries, when using purchasing 
power parities, was considerable running from around $3000 in Mexico to over $23 000 in 
Luxembourg (Figure 11.2). Sizeable differences can also exist within a country, particularly 
when local governments play an important role in financing compulsory education. For 
example, in the United States, over 90 per cent of final government spending is at the State 
level, where education spending accounts for around one third of all final expenditure.

Spending on teachers accounts for much of the difference. In general, spending on 
teaching staff accounts for around 95 per cent of all spending on average across the OECD. 
Student-teacher ratios are high in Mexico whereas teacher salaries are comparatively high in 
high-spending countries (Figure 11.3). School systems that integrate vocational education and 
training into secondary education also tend to spend more per student than their peers. Large 



Public spending efficiency in compulsory education  253

Total expenditure on educational institutions as a percentage of GDP, 2017
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Figure 11.1 Resources devoted to compulsory education can be large

Total expenditure on educational institutions per full-time equivalent student, 2017
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Figure 11.2 Spending per pupil varies substantially across the OECD
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differences can exist across countries in ancillary services provision (such as student welfare 
services). For example, Denmark’s schools are almost wholly dedicated to providing core 
education services. At the other extreme, in the Slovak Republic around one-fifth of spending 
is on ancillary services.

3.  MEASURING PUBLIC SECTOR EFFICIENCY

Measuring public sector efficiency in education is complicated. Not only are education 
authorities, teachers and parents wanting a multitude of different outputs and outcomes, but, 
because the public sector is a major financer of education, standard metrics of success in the 
business sector are of limited application (Johnes, 2015). As a result, emphasis on effective-
ness in meeting different objectives needs complementary analysis of whether the resources 
devoted to education are being used as efficiently as possible. For this, a production function 
with defined inputs and outputs is needed. This question lends itself to linear programming 
that defines frontiers and then assesses the efficiency of a ‘decision making unit’ relative to 
the empirically determined frontier.

There is a long lineage examining the efficiency of education spending at the school level. For 
example, Bessent and Bessent (1980) exploited results from the California Achievement Tests 
in 1977 to benchmark schools against similar schools, highlighting opportunities to raise edu-
cational outputs without necessarily increasing available resources. A steady stream of further 

Based on full-time equivalents
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Figure 11.3 Student–teacher ratios vary substantially



Public spending efficiency in compulsory education  255

studies have also examined efficiency, typically using frontier methods, mainly at the school 
level and within individual countries (De Witte & López-Torres, 2017; Worthington, 2010)

Measuring efficiency in the education sector is difficult due to the limitations in available 
data. In particular, differences in national data collection and reporting hamper international 
comparison. With the advent of comparable test data internationally from the Trends in 
International Mathematics and Science Study (TIMSS) and Progress in International Reading 
Literacy Study (PIRLS) (both run by the International Association for the Evaluation of 
Educational Achievement covering mathematics, science and literacy) and the OECD’s 
Programme for International Student Assessment (PISA) standardised testing, benchmarking 
school-level efficiency across countries has developed as a separate line of inquiry. The focus 
of this chapter will adopt this approach, with the data used in the empirical analysis constructed 
from the PISA 2018 and the OECD’s Education at a Glance databases, which are both 
designed so that data series are comparable across countries. However, the time-series data 
available at the national level are relatively limited, while the richer set of school-level data are 
essentially limited to cross-sections, which limits the analysis of efficiency to particular points 
in time. The focus is on OECD countries, although these data allow for analysis of schools in 
developing countries (Agasisti & Zoido, 2019)

A related strand of research, education effectiveness research has empirically assessed the 
influence of different influences both within the school and beyond on student outcomes, 
which is well summarised in Reynolds et al. (2014). Due to the contextual information required 
for more detailed or nuanced research, much of this work is within countries. The research on 
schools initially addressed whether they had a particular effect over and above the influence of 
a student’s innate ability and socio-economic background. Subsequent work moved to identify 
why schools had different effects − exploring part of the black box of the education production 
function − and expanding output criteria to judge effectiveness beyond more easily measurable 
student attainment in mathematics and literacy. We will draw on this literature below.

Politicians at the national and local levels make choices affecting the provision of education. 
Their accountability for these choices is important in determining resource use and ultimately 
efficiency. However, efficiency is also influenced by a variety of factors beyond the politicians’ 
or educationalists’ direct control. For example, small schools that are typically located in more 
sparsely populated areas may not benefit from economies of scale available at larger, often 
urban, schools. There are also policies outside the compulsory education sector that may influ-
ence education outcomes. For example, early childhood interventions, such as those advocated 
by researchers (Heckman et al., 2013), can boost pupils’ non-cognitive skills, which translates 
into later success in education and adult life outcomes. As such, complementarities between 
efficiency and equity objectives can emerge (Wößmann, 2008).

Measuring public spending efficiency is beset by a number of problems. For example, data 
for the variables of interest are not always available, making the reliance on proxy variables 
a necessity. Taking account of the many possible influences on educational outcomes can be 
challenging with the tools that are normally used. High dimensional production functions are 
not easy to estimate due to the curse of dimensionality and are often limited to cross-sections 
when a comparable time dimension to the data is unavailable. As such, country or school 
specific effects could span time-invariant influences on efficiency and thus estimates could 
overestimate the amount of inefficiency. Measurement error is a constraint and is particularly 
a problem for non-parametric methods that assume any deviation from best practice is due to 



256  Handbook on public sector efficiency

inefficiency. At the school level, identifying inefficiency needs to bear in mind that schools 
may compete to attract better students (or push out weaker students) and that good schools 
may also attract better teachers. In this light, a school may appear relatively efficient but that 
masks differences in the quality of inputs. Value-added type models may be able to account for 
the potential of selection bias in students, but taking into account teacher quality, particularly 
in larger datasets, is challenging.

3.1 Outputs

Educational output, at its most basic level, can be measured by ‘quantity’ indicators such as 
course enrolment and completion rates, study duration, the level of education attainment or 
even equated with the quantity of inputs. Even when test results are used, the narrow nature 
of academic exams has been criticised in that it may not link directly to welfare objectives 
or growth. Ideally, an output measure would also take into account the difference formal 
education makes, such as through a value-added measure, and would better capture the output. 
These measures are easier to construct in national testing regimes which repeatedly test pupils. 
An approach which takes the quality of teaching (and learning) into account would focus on 
outcomes, such as literacy rates at particular ages, learning achievement or longer-term earn-
ings and occupation outcomes would give a better understanding of contributions to human 
capital development. However, most empirical studies of education spending efficiency rely 
on a narrower set of measures (Table 11.1).

For empirical work, the main output is often an indicator of the average country and 
school-level PISA scores. The use of PISA results for 15-year-old students which gives a 
measure of the cumulative output of primary and lower-secondary education goes some way 
to treating educational outcomes as outputs. The PISA questions are designed to evaluate real-
life aptitudes and not just academic attainment (OECD, 2019). Assessment at the age of 15 is 
designed to capture student abilities at the end of their compulsory schooling, thus avoiding the 
difficulties of comparing students across countries when participation is voluntary. The country 
averages of the PISA scores are displayed in Figure 11.4. Students in a country that perform 
well in one of the areas also tend to score comparatively well in the other areas. The median 

Table 11.1 Outputs considered in education efficiency studies

Quantity measures  
Academic Student numbers, hours of tuition, attendance 

rate; dropout rate
Non-academic Provision of non-core services

Quality measures

Test based Scores, numbers passing, equity in 
performance

Conditional performance Value added measures

Outcomes Employment; salaries; education progression

Source: Based on De Witte and López-Torres (2017).
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country score is around 493, but the dispersion across countries is quite large. The standard 
deviation varies from 25 to 30 points and is greater for the math scores. At the tails, the scores 
in Estonia are between one-quarter and one-third higher than in Colombia. This suggests at 
the country level a number of countries away from the tails’ of the distribution are relatively 
similar in their scores and that the use of one score rather than composite indicators of all three 
scores may not make a sizeable difference.

The use of PISA results as a measure of educational output has drawbacks. National authori-
ties may be targeting other outputs that are more difficult to take into account in the analysis. In 
particular, non-cognitive skills can be difficult to measure, and particularly so in an international 
context. As such, differences in efficiency based on a narrower set of outputs may be biased to 
the extent that the unmeasured outputs differ across countries and are uncorrelated with observ-
able outputs. Secondly, in a small number of OECD countries enrolment rates are relatively low 
at the age the PISA tests are administered (under 60 per cent in Mexico and Turkey compared 
with an OECD average of 95 per cent). Cross-country comparisons could also be distorted 
by high truancy rates. In these cases, PISA scores may tend to overestimate the average level 
of human capital for the overall cohort. Related to these concerns is the fact that educational 
outcomes could also be judged by how many of the young continue their education to the end of 
the compulsory stage, which has obvious implications for human capital accumulation.

3.2 Inputs

Two main types of input determine educational outcomes, discretionary and non-discretionary 
(Table 11.2). The discretionary inputs include things like teachers and capital inputs, such as 
school buildings and IT equipment. However, particularly at the school level, getting accurate 
measures of the different inputs is difficult. Analysis at the school level, particularly for the 
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Figure 11.4 Average PISA scores
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United States, tends to suggest that the relationship between school resources and student 
outcomes is weak (Hanushek & Luque, 2003). Aggregate production functions in some ways 
simplify this and measures of spending as well as physical measures can facilitate spending 
efficiency measures more directly.

Discretionary inputs are factors under the control of the education system. They can be 
physical inputs, such as teacher numbers, teacher−student ratios, class sizes, instruction time, 
proxies for teacher quality and, to a lesser extent, other resources in schools. Discretionary 
inputs may also be expressed in terms of spending and the national databases report spending 
on primary and lower-secondary education. Spending differs somewhat more among OECD 
countries than the physical inputs, mainly due to disparities in unit labour costs. These dispari-
ties may reflect teaching quality and the availability of other potentially important resources 
available in schools, as well as labour-market factors unrelated to efficiency. This can make 
the use of spending problematic in the measurement of efficiency.

Financial inputs come from governments, families, firms and non-profit organisations. 
The government’s share in compulsory education is typically high, but does vary from 
country to country given the different organisation of educational systems (Figure 11.5), for 
example, almost wholly government in Norway to a much larger share of private involvement 
in Columbia and Turkey and to a somewhat lesser extent in New Zealand and the United 
Kingdom. Public spending on compulsory education typically represents a large share of total 
education spending. On average spending on primary to post-secondary non-tertiary educa-
tion was around 3.1 per cent of GDP for OECD countries in recent years, whereas spending 
on tertiary education has been around one-third of that in the OECD (around 1 per cent of 
GDP). The dispersion of spending across countries is large, ranging from just over 2 per cent 
of GDP in Ireland (reflecting the importance of multinationals in Irish national accounts) to 
around 4.6 per cent in Norway. Spending has been squeezed over time, dropping by over  

Table 11.2 Inputs considered in education efficiency studies

Non-discretionary  
 Individual 

characteristics
Age, gender, disability; native/non-native; minority 
status; aspirations; past test results

 Family 
characteristics

Social economic status; parental education; 
language spoken at home

 Peer effects Characteristics of school student body
   
Discretionary  
 School resources Spending; teacher numbers; student teacher ratios; 

teacher salaries; teacher presence; buildings; 
textbooks; computer and IT equipment; 

Learning 
environment

Attendance; school climate; dropout rates; school 
selectivity

School 
characteristics

Size; parental involvement; location (for example 
urban or rural)

Source: Based on De Witte and López-Torres (2017).
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0.2 percentage points of GDP since the global financial crisis (a somewhat smaller drop 
occurred in the tertiary sector as well).

Non-discretionary inputs cover environmental inputs which are not amenable to direct control 
by the decision-making unit, in this case either the school or the education authority. Typically, 
student achievement is considered to be related to innate ability and dependent on family and 
peer-group effects. While difficult to measure, these factors are often proxied by measures 
of socio-economic status, and in some cases also indicators of immigrant or language status. 
Typically, research suggests a student’s background has a large bearing on student outcomes 
(Hanushek & Luque, 2003). Individual characteristics cover basic demographic factors to indi-
cators, such as past test results, aiming to capture more accurately the value added of a school.

4.  POTENTIAL INFLUENCES ON PUBLIC SPENDING EFFICIENCY

Factors influencing public spending efficiency is an area of active investigation and the 
analysis can be broadly grouped into factors at different levels of intervention. At the school 
level, beyond the provision of inputs, the policies for teaching and creating an environment in 
which students can learn can potentially affect the efficiency of spending.

• First, factors within the school. The make-up of the student body has been identified as 
correlated with efficiency, presumably through peer effects (Agasisti & Zoido, 2018). 
More homogenous schools appear to perform somewhat better. Schools with a higher 
share of female students also appear to be more efficient.

• Second, organisation of schools is also correlated with school-level efficiency. This 
includes whether the school is more academic or vocational orientated, the ownership 
and main funding source of the school (Wößmann, 2007).
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• Third, school ownership is frequently considered as a determinant of differences in 
efficiency (Sutherland et al., 2009). For example, an approach merging propensity score 
matching and stochastic frontier analysis for Spanish schools using PISA data suggests 
that private schools that are dependent on public financing are more efficient than public 
schools, but this result differs in importance across regions (Crespo-Cebada et al., 2013).

• Fourth, the autonomy of schools in the education system. Given asymmetric informa-
tion, greater school autonomy is seen as a possible way to boost spending efficiency. In 
particular, the quality of the teaching staff can be better harnessed when schools have 
greater autonomy in personnel management. The degree of decentralisation in this 
context is seen to be conducive to raising spending efficiency (Coelho, 2009).

• Fifth, the accountability of schools. Potential factors include external testing and 
accountability mechanisms (Wößmann, 2008). However, accountability mechanisms 
which have funding implications have also been found to induce strategic behaviour by 
schools, which may undermine the equity goals of education funding.

Elucidating the effects of different characteristics requires comparison between the public 
sector and private sector within a country, which may not give a truly comparable picture, or 
require comparison across countries, which is also complicated by the different educational 
and other objectives.

5.  MEASURING EFFICIENCY

Most attempts to estimate education sector efficiency have used frontier-type methods, either 
non-parametric (such as data envelopment analysis) or parametric (such as stochastic frontier 
analysis) methods. Essentially, these methods differ in the assumptions needed to define a 
production function, which is traded off against the sensitivity of results to outliers or potential 
mismeasurement. The attraction of non-parametric measures arises as outputs in the public 
sector are amorphous and intangible in many respects. This makes it difficult to define a 
production function in the conventional sense, while public sector bodies producing goods that 
are free at the point of use means that the prices of outputs are not determined by market forces. 
Economic efficiency in these circumstances cannot be measured directly and approaches are 
needed to proxy for an efficiency frontier to facilitate benchmarking. This section looks at 
two main approaches for achieving this: the first is a non-parametric technique and the second 
stochastic frontier analysis.

5.1 Non-parametric Measures

A large share of studies examining education efficiency rely on non-parametric approaches, 
principally data envelopment analysis, measuring performance relative to a measure of best 
practice. In essence, this technique assesses performance relative to estimates of the additional 
output or the resource savings that are possible if the country or school increased efficiency to 
the level of best practice. Inputs are described both in physical terms, the relationship between 
input volumes (for example teachers) and outputs being a measure of technical efficiency, 
and in terms of the amount spent per pupil, which determines cost efficiency. A considerable 
attraction of non-parametric approaches to estimating efficiency is the relative simplicity of 
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the procedure, facilitating direct measurement of efficiency for schools or more aggregate 
groupings. For example, non-parametric approaches do not require assumptions about the 
specific functional form of the educational production function, although they do assume 
that the production function is common to all units. In addition, the framework can easily 
accommodate multiple outputs, which is an attractive feature for public services where equity 
or other objectives may be important.

5.1.1 Data envelopment analysis
Data envelopment analysis (DEA) is one of the most common approaches to determining 
efficiency estimates for the public sector. This technique constructs an efficiency frontier based 
on the input and output data by constructing a frontier of the schools or countries that envelop 
the remaining observations. The frontier provides a benchmark by which the others can be 
judged. By assumption, the frontier determines best practice, and potential efficiency gains 
for specific countries or schools are measured by their position relative to the frontier or the 
envelope. Other assumptions include no free production, free disposability and non-infinite 
outputs for finite inputs.

A number of other choices are needed in determining efficiency. First, whether efficiency is 
measured in the input or output orientation. For example, the shortfall in terms of unachieved 
output is given by the ratio of a school’s output to the output on the frontier for the same level 
of inputs. Conversely, the ratio of inputs on the frontier to the school’s inputs at the same 
output is a measure of inefficiency in terms of potentially excess inputs. In the case of multiple 
inputs or outputs, the measures of efficiency are determined in a similar fashion by holding 
the relative proportions of either inputs or outputs constant in measuring the distance to the 
frontier. The efficiency frontier also depends on the assumptions about returns to scale, which 
can have implications for the amount of inefficiency identified:

• Constant returns to scale (CRS). In a simple one input one output formulation this 
assumption describes the efficiency frontier as a ray from the origin through the 
observation(s) with the highest output/input ratio.

• Variable returns to scale (VRS). This approach identifies the schools or countries that 
define the frontier by starting from the observations of units that use the least of each 
input and ending with the observations producing the highest amount of each output.

• Non-increasing returns to scale (NIRS). This assumption combines the constant returns 
to scale assumption between the origin and the observation with the highest output/input 
ratio, and variable returns to scale thereafter.

To illustrate this approach we exploit the PISA 2018 database, both for OECD countries 
and schools within these countries, and education-at-a-glance databases to construct measures 
of inputs. At the country level, we take as a measure of output the scores on the different tests 
for math, science and reading competence. The input measures are either teacher–student 
ratios or different spending measures augmented by a measure of the average socio-economic 
status of the student’s parents. At the school level, spending measures are unavailable and thus 
the estimation uses different measures of the tests, and as inputs the average school average 
socio-economic status of the student’s parents and the teacher–student ratio.

The country-level results are shown in Figure 11.6 for all the assumptions about input or 
output variation and returns to scale and using the teacher–student ratio as the discretionary 
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input. The results for the different assumptions are reasonably stable. The measure of 
efficiency when assuming constant returns to scale is much larger (around three times that of 
the other measures in the output orientation and 50 per cent larger in the output orientation), 
reflecting Mexico and Turkey determining the constant returns to scale frontier. Although 
PISA scores are comparatively low in these countries, the low level of inputs makes them 
relatively efficient. As noted above, these countries may be atypical in that school attendance 
is substantially lower than the OECD average. Against this background, we concentrate on 
the variable returns to scale case, which appears to provide a more suitable benchmark for 
countries on different segments of the efficiency frontier. In that case and on average for 
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Figure 11.6 Country-level estimates of technical efficiency
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OECD countries, the measures of efficiency suggest inputs could be reduced by around 9 per 
cent while maintaining output (PISA scores) constant. On the other hand, potential output 
gains when moving to the frontier would be relatively muted with gains of around 5 per cent 
holding inputs constant, reflecting the greater variation in inputs across many countries than 
outputs.

At the country level, efficiency estimates can replace the discretionary measure of educa-
tional inputs proxied by the ratio of teachers to students by different measures of spending. 
These are aggregate spending as a share of GDP, total spending per student and the cumulative 
spending per student between the ages of 6 and 15. The efficiency scores are reasonably cor-
related with the estimates based on the teacher–student ratio (Figure 11.7). The relationship is 
weaker for aggregate spending as a share of GDP than the other measures in the input orienta-
tion and total spending per student in the output orientation. Overall, the results suggest the 
variations in economic and social status are important determinants for measured efficiency, 
but not in all cases.

The PISA databases also provide school-level information, which is arguably closer to the 
decision-making unit that DEA and related measures are designed to examine. While the infor-
mation is rich, there are no data on financial resources available at the school level. The sample 
includes nearly 9000 schools across the OECD with the sample varying from just 39 schools 
in Lithuania to 959 schools in Spain. Limiting the inputs and outputs to the simple technical 
efficiency estimates using  the  teacher−student  ratio,  the  rebased measure of economic and 
social status and a measure of performance in the math questionnaire, the efficiency estimates 
show a greater degree of inefficiency. In this very simple set-up, the average school would 
be able to reduce input use and raise outputs by over one-third by moving to the best practice 
frontier. Obviously, this reflects the simplicity of the assumed production function and the 

Scatter diagrams for the different spending measures compared with the technical efficiency 
estimates using the teacher–student ratio.
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Figure 11.7 Efficiency measures are correlated when using different spending measures
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possibilities of extreme observations on the remaining schools. Nonetheless, the country-level 
estimates of efficiency are correlated with the average estimate efficiency at the school level 
(Figure 11.8). When an equity element is also introduced (the inverse of the interquartile 
range of scores on the math questionnaire) the measure of inefficiency declines. However, 
the measures remain strongly correlated (the correlation coefficient is 0.87) (Figure 11.9). For 
most countries the relationship is considerably tighter, but is weaker in Portugal, Slovakia, 
Spain, Estonia and Israel.

Non-parametric approaches often have a number of drawbacks that are aggravated in small 
samples and as the number of inputs and outputs rises. First, the technique is sensitive to 
measurement error and statistical noise. For example, an observation that erroneously deter-
mines a segment of the efficiency frontier will in turn affect the measures of inefficiency of 
all the schools or countries lying within that segment. Second, small samples − by frequently 
excluding best practice − can lead to a bias of under-estimating inefficiency. Third, omitted or 
irrelevant inputs will tend to over (or under) estimate the ‘true’ degree of inefficiency. In order 
to counter these problems, a variety of different approaches have been developed to correct for 
possible small-sample bias and generate confidence intervals surrounding the point estimates. 
Problems also arise with the curse of dimensionality. As more inputs and outputs are included 
in the analysis the computational demands increase exponentially, but importantly also create 
greater sparseness in the observations, such that estimates of the frontier become less certain.

As a reaction to the dimensionality concerns, alternative partial frontier methods offer 
less sensitivity to extreme observations and can ease computational requirements (Gnewuch 
& Wohlrabe, 2018). For example, order M estimators construct the frontier from a group of 
peers rather than the full sample. This approach allows for super-efficient schools (that is, 
they do not determine the frontier), which reduces efficiency estimates’ sensitivity to outliers. 

DEA estimates of efficiency using variable returns to scale
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Figure 11.8 Country and median school-level efficiency estimates are similar
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An alternative approach, order α, uses a quantile-estimator approach to reduce sensitivity 
to outliers and permit rapid estimation. Another approach is to use statistical techniques to 
address the sensitivity of the estimates to where they are located on the frontier and the extent 
to which other observations define the frontier (Simar & Wilson, 2007).

Using these techniques on the country-level sample gives an indication of the impact on 
efficiency estimates (Figure 11.10). A number of countries, notably Chile, Mexico and Turkey 
are identified as ‘super-efficient’. As a result, the efficiency frontier for other countries omits 
the influence of these countries. The correlation with the uncorrected estimates is apparent 
though weaker and the degree of identified inefficiency is correspondingly less pronounced. 
The least efficient countries are largely the same irrespective of the technique.

Another approach to address the robustness of non-parametric analysis is the bias-corrected 
approach developed by Simar and Wilson (Simar & Wilson, 2007). Bootstrapping techniques 
minimise the impact of unusual observations and put less emphasis on estimates when 

DEA estimates of efficiency using variable returns to scale
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Figure 11.9 Efficiency estimates when equity is also an objective
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observations in the portion of the best-practice frontier are relatively sparse, allowing a statisti-
cal correction to the potential bias in the estimate of inefficiency. This approach also permits 
the examination of factors associated with inefficiency as part of the analysis. To demonstrate 
this approach we augment the estimation with a two-stage examination using school type, 
school size and the homogeneity of languages spoken at home as potential factors influencing 
efficiency.

The results suggest that large schools, private schools and schools with more homogenous 
student bodies in terms of language spoken at home are also more efficient when considering 
input orientation efficiency (Table 11.3). In the output orientation, the coefficients remain 
statistically significant but now school size and language homogeneity are negatively related 
to the schools’ estimated efficiency. The results suggest that the degree of inefficiency is 
somewhat larger when correcting for potential bias, although they remain strongly correlated 

Correlation of standard DEA measures of efficiency and alternative estimators that are less 
sensitive to extreme observations
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Figure 11.10 Taking into account sensitivity to extreme observations
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Table 11.3 Influences on the measure of efficiency

 Input Output
 coefficient z-score coefficient z-score 
Government-dependent private schools 0.0482 14.74 0.042514 4.18
Government-independent private schools 0.0422 14.96 0.098434 11.41
School size 0.0000 30.55 −0.0001 −24.54
Language 0.0551 8.37 −0.35972 −17.08
Constant 0.3550 51.89 1.826072 84.41
Sigma 0.0557 117.76 0.168568 114.84
N 7548  7548  

Note: The table presents the bootstrapped estimates of determinants of the degree of school-level efficiency using 
the Simar-Wilson approach.

Source: Calculations based on OECD PISA 2018 data.

(Figure 11.11). In general, efficiency is estimated to be higher in the output orientation and the 
impact of bias correction is less important. The variables included in the second stage estimates 
are statistically significant.

More recently, researchers have begun exploiting the growing time-series dimension in 
internationally comparable databases. For example, pseudo-panels constructed from PISA 
data have been used to examine efficiency using a Malmquist-type index within Spain, finding 
that private government-dependent schools are typically more efficient than public schools 
(Aparicio et al., 2017).

5.2 Parametric Frontier Analysis

The parametric estimation technique, stochastic frontier analysis, makes assumptions about 
the distribution of inefficiency decomposing the regression error term into statistical noise and 
a measure of inefficiency. Alternatively, fixed effects in panel models can account for country-
specific inefficiencies. Stochastic frontier analysis is similar to standard regression techniques 
but differs by exploiting the one-sided nature of inefficiency to decompose the error term into a 
standard error term and an asymmetric component that measures inefficiency as shown below. 
The principal advantage of this approach to measuring efficiency is that it addresses statistical 
noise explicitly. Furthermore, and in contrast to non-parametric approaches, standard statisti-
cal tests can be used to assess variables.

Stochastic frontier analysis is less sensitive to the influence of measurement error than 
non-parametric approaches. In addition, the parameters allow decomposition of efficiency. 
However, this feature comes at the cost of specifying a functional form and making assump-
tions about the distribution of inefficiency. The cost of specifying a functional form can be 
mitigated somewhat by the choice of a flexible specification, such as a translog production 
function. However, estimating this production function in practice is often complicated by 
multicollinearity (the variables are too highly correlated with one another to allow their 
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individual effects to be estimated with precision). In addition, the specification may not make 
economic sense for all observations and thus needs to be checked.

To illustrate the use of Stochastic frontier analysis, a Cobb-Douglas production function is 
estimated using the PISA 2018 data used in the preceding examples. In this case, a single output 
(a math plausible value) and several inputs (average socio-economic status of the student body, 
the ratio of teachers to students, the provision of computers to students, the school size and 
the share of students that use the language of instruction at home) are used. The estimation 
results suggest that academic performance is higher when the student’s socio-economic status 
is higher, and that this correlation is very significant (Table 11.4). Test scores are also higher 
for larger schools, when the teacher−student ratio is higher and when more students use the 

Median estimates of efficiency for schools in the OECD wide sample
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Figure 11.11 School-level efficiency estimates
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language of instruction at home. On the other hand, the relationship with computer availability 
appears to be associated with lower scores, other things being equal.

The finding of limited contribution of formal schooling resources to educational outputs 
is a relatively frequent finding. For example, a study of schools in Kansas found that 
discretionary inputs at the school (that is, those under control of school decision makers) 
had little impact on student achievement. On the other hand, socio-economic measures were 
seen to be influences on student achievement (Chakraborty, 2009). As a result, measured 
inefficiencies can overstate the ability of schools to improve outputs due to environmental 
factors, over which the school has limited influence (at least in the short term) (Henderson 
et al., 2017).

The estimates of the degree of inefficiency are relatively small in the estimations 
(Figure 11.12). Outputs could be improved by around 5−8 per cent on average. In most cases, 
the efficiencies of the schools are tightly clustered, particularly when the degree of inef-
ficiency is low at the country level. For example, schools in Estonia and Japan are on average 
among the most efficient and the standard deviations of efficiency scores are amongst the 
lowest in the sample of OECD countries. In some cases, sizeable across-school heterogene-
ity in efficiency estimates suggests even benchmarking performance within a country may 
potentially offer possibilities to increase the efficiency of the education sector. For example, 
the estimated efficiency of the median school in Chile, Greece and Israel is relatively low. 
However, there is wide variation across schools in these countries. In other cases, such as 
France and Italy, school-level efficiency, which is already comparatively very high, could be 
raised even further if the poorest performing schools moved towards best practice within the 
country. Introducing country fixed effects into the estimation generally reduces the estimated 
degree of inefficiency.

Table 11.4 Socio-economic status is an important driver of performance

Estimates from a Cobb-Douglas production function with different assumptions about the 
efficiency distribution

 Exponential Half-normal
 coefficient z-score coefficient z-score
Constant 4.413 204.99 4.433 200.10
Socio-economic status 0.692 86.78 0.692 85.12
Teacher−student ratio 0.011 4.45 0.010 4.00
Computer provision −0.011 −9.16 −0.010 −8.37
School size 0.006 3.77 0.007 4.24
Language at home 0.010 4.64 0.011 4.78
Lambda 0.84  1.68  
n 8027  8027  

Source: Calculations based on OECD PISA 2018 data.
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Finally, the parametric approach lends itself more easily to panel data examination and 
thus the ability to control for time-invariant omitted variables in the estimation of the 
degree of efficiency. At present, national-level databases are best placed to exploit these 
approaches. For example, a study using a rich database of Finnish secondary schools and 
matriculation exam results takes into account past student performance and comes closer to 
a value-added-type model (Kirjavainen, 2012). The results, while confirming the relatively 
limited dispersion of efficiency levels across Finnish schools, also demonstrate that such 
efficiency measures can nonetheless be useful in identifying where performance can be 
improved.

Median estimates of efficiency for schools in the OECD-wide sample and standard deviation 
by country

0.8
0.82
0.84
0.86
0.88

0.9
0.92
0.94
0.96
0.98

M
EX C
O

L
IT

A
TU

R
JP

N
PR

T
C

H
E

C
ZK SL

V
H

U
N

A
U

S
LV

A
To

ta
l

ES
T

LT
U

D
EU

SV
K

D
N

K
PO

L
ES

P
FI

N
G

R
C

C
H

L
SW

E
B

EL IS
L

G
B

R
K

O
R

U
SA IR

L
N

LD IS
R

LU
X

FR
A

A. Median estimate of school efficiency 

0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09

IR
L

IS
L

LU
X

G
B

R
ES

T
FI

N
ES

P
D

N
K

U
SA PO

L
SW

E
C

H
E

A
U

S
LV

A
JP

N
K

O
R

To
ta

l
B

EL
C

O
L

SV
K

C
ZK SL

V
M

EX
D

EU PR
T

LT
U

TU
R

N
LD

G
R

C
H

U
N

C
H

L
IT

A
FR

A
IS

R

B. Standard deviation across schools

Exponential Half normal

Note: The results show the estimated school efficiency in a Cobb-Douglas production function using as inputs the 
teacher−student ratio and a measure of socio-economic status with the output being an average math test score.

Source: Calculations based on OECD PISA 2018 data.

Figure 11.12 Stochastic frontier estimates of efficiency are generally higher
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6.  DISCUSSION

Pressure on fiscal policy will likely make exploiting potential efficiency gains in the provision 
of education ever more important. A simple reading of the results presented above suggests 
that moving to observed best practice could save around 5−10 per cent of existing resources 
or boost educational outputs by a similar though smaller amount when considering national 
data envelopment analysis or school-level stochastic frontier analysis results. In the simple 
set-up used in the examples, the potential resource savings or output gains are substantially 
larger when using data envelopment analysis at the school level. However, while differences 
in efficiency can highlight where lessons from elsewhere may be helpful, improving spending 
efficiency is complicated as the school or education authority may not have direct control over 
all elements of the production function. As such the broad findings of efficiency estimates need 
to be complemented by more detailed analysis.

The relationship between the efficiency estimate of the median school and the country-level 
results suggests that the more disaggregated results remain useful. Furthermore, school-level 
analysis allows the assessment of more detailed policy settings which can help identify ways to 
improve public spending efficiency in compulsory education. Benchmarking and sharing of good 
practice are foundations on which to improve public spending efficiency (OECD, 2021). The 
empirical literature has made significant strides in adopting new techniques to minimise the poten-
tially distorting impact of unusual schools in the sample and can be easily integrated into future 
analysis. As such, the approaches outlined can offer fairly robust benchmarks to help inform policy.

Ongoing work identifying how effective school systems operate (OECD, 2017) and the 
work of the education effectiveness literature, which has been running in parallel to public 
sector efficiency work, offer new insights to identifying factors driving public spending 
efficiency. As more comparable cross-country data become available, it will be important to 
examine whether this can help shed light on generalizable lessons from the detailed country-
specific case study evidence. In many cases the factors are likely to boost productivity and 
therefore efficiency while minimising pressure on public budgets

Areas of future research include examining complementarities between investments in differ-
ent levels of education. For example, the work of Heckman and others examines the importance 
of early childhood education on the subsequent acquisition of cognitive and non-cognitive skills, 
particularly for students from disadvantaged backgrounds (Heckman et al., 2013). Some work 
has begun to explore non-cognitive measures on school-level efficiency (Agasisti & Zoido, 
2018). However, the longer-term outcomes of early childhood interventions may not be easily 
discernible, underlining the importance of considering wider influences of education spending 
when assessing efficiency results. Indeed, reforms take time to show up in both school-based 
data and especially in population data (employment, earnings, productivity, criminality) due to 
time exposure to reforms of students and the movement of cohorts into the wider population. 
In this light, it is important work to follow up on how education interventions play out over 
time. Another area of potential research is the impact of digitalisation on spending efficiency in 
the education sector. Education systems have reacted to the COVID-19 pandemic by making 
greater use of digital technologies and distance learning. For example, the Japanese government 
accelerated the rollout to ensure that all school students had access to computers. The lessons 
from the different approaches adopted across countries may be important in offering teaching 
environments that can overcome distance-learning shortcomings. This not only improves 
spending efficiency but potentially makes countries more resilient in the face of future shocks.
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NOTES

1.  The views expressed in this document are solely those of the author and do not necessarily represent the official 
views of the Organisation for Economic Co-operation and Development.

2. This measure is highly correlated with an OECD measure of cumulative spending on students between the ages 
of 6 and 15, which given the output measure of PISA results from 15-years-old students is an appropriate measure 
of spending.
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12.  The efficiency of higher education institutions  
and systems

 Tommaso Agasisti

1.  INTRODUCTION: WHY IS STUDYING THE EFFICIENCY OF 
HIGHER EDUCATION INSTITUTIONS AND SYSTEMS AN 
IMPORTANT TASK?

Higher education (HE), under certain conditions, can play a key role in fostering the economic 
development of countries, regions and cities, especially when it helps in spreading innovation 
and improving human capital (De Meulemeester & Rochat, 1995; Lendel, 2010; Hanushek, 
2016; Barra & Zotti, 2017; Leyden & Link, 2017; Valero & Van Reenen, 2019). The positive 
effects of HE, which spill over beyond the single students attending the educational pro-
grammes or the public and private entities engaged in the research activities, provide the key 
economic justification for the public funding of this sector (Toutkoushian & Shafiq, 2010).1 
The positive externalities of HE, in this perspective, are of different kinds: (i) a more educated 
workforce is more productive and more involved in the cultural and civil life, (ii) higher-level 
research contributes to new discoveries and inventions and (iii) outreach initiatives help the 
diffusion of innovation and the socialization of new knowledge (Wolfe & Haveman, 2001; 
McMahon, 2004; Chapman & Lounkaew, 2015).

Observing this field with economic lenses, the specific results of HE are pursued within 
organizations for which the primary mission is the production of teaching, research and 
knowledge transfer – that is, the Higher Education Institutions (HEIs). From an organization 
theory standpoint, the production process of these organizations can be modelled in a simple 
form: they employ financial and human resources (current expenditures, academic and non-
academic staff, laboratories, students and so on) – which are usually strongly subsidized with 
public money – in well-structured processes (educational, research and administrative) to 
produce the desired levels of output – such as graduates, publications, patents and so on – see 
Figure 12.1 for a graphical representation.

According to the standard microeconomic theory, the single HEI acts in an efficient way, by 
minimizing its costs while maximizing the output produced. In other words, each HEI should 
be able to produce as many graduates, publications and knowledge transfer initiatives as 
possible, while keeping the costs associated with staff and structures at a minimum. There are, 
therefore, many reasons that suggest this is not (always) the case; as a consequence, the meas-
urement of productivity of educational institutions is an important empirical and conceptual 
task (Hanushek & Ettema, 2017) and is still attracting an important research effort (Arias-Ciro, 
2020). We can classify the inherent obstacles to efficiency, specifically in the HE sector, into 
three groups. First, many HEIs are public institutions and are subjected to the traditional 
sources of public sector inefficiency in production: soft-budget constraint, lack of incentives 
and so on (Wamsley & Zald, 1973). Second, HE is a typical field affected by the cost-disease 
dynamic, where the price of key inputs (especially academic staff and research laboratories) 
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increases at a higher rate than productivity (Archibald & Feldman, 2008; Martin, 2011). Third, 
the internal organization of universities and other HEIs is not always hierarchical, in other 
words it is not possible to coordinate the efforts of individuals and subunits towards the best 
practices and/or common goals (including efficiency efforts). In addition, there is evidence 
that management matters, and, for example, better managed departments are more productive 
in the delivery of teaching and research (McCormack et al., 2014). Often, universities are 
managed mainly by academic and not by management professionals, so there is not a priori 
assurance of effective management at play.

The possibility of inefficient HE production is a key problem for our economies and 
society. Employing more resources than necessary for the development of educational and 
research activities translates into waste of public resources, which could be more appropriately 
dedicated to alternative uses for welfare and public services. The academic literature in the 
public finance field strongly debates how public spending can be useful for contributing to 
economic growth (Chen, 2006; Afonso & Furceri, 2010), also underlining the potential trade-
off between alternative destinations of available public resources. Moreover, for a given level 
of public resources allocated to HE, its efficient use could result in higher levels of education 
and research produced with positive effects on current and potential economic growth. The 
negative effects of inefficient spending, conversely, could harm the medium- and long-run 
economic development of countries and regions (via a reduction of innovation gains). Lastly, a 
suboptimal efficiency of spending could negatively affect the other public (positive) externali-
ties associated with HE, such as the improvement of civic, democratic and cultural skills of 
the population (Glaeser et al., 2007).

The opportunity of adequately funding the HE sector has been sustained in various political 
and institutional circles, and the evidence of its potential beneficial impacts corroborates this 
necessity. Therefore, policy makers must guarantee that resources that are allocated to the 
sector are spent efficiently, in other words, the outputs generated by HEIs are obtained with 
the lowest possible investment – or, conversely, the HEIs are able to maximize the outputs 

•  Financial resources
  •  Current
    expenditures
  •  Capital
    expenditures

•  In kind resources
  •  Academic and
    non-academic staff
  •  Students
  •  Facilities
    (classrooms,
    laboratories, etc.)

•  Core (primary)
  processes
  •  Education activities
  •  Research activities
  •  Knowledge transfer

•  Administrative
  processes
  •  Student and faculty
    support
  •  Legal and
    administrative issues

•  Research
  •  Publications
  •  Applied project’s
    results

•  Education
  •  Graduates
  •  Employability

•  Knowledge transfer
  •  Open events
  •  Patents

Note: The indicators included as measures for inputs, processes and outputs are non-exhaustive examples, and the 
aim is only to clarify the broad model to the readers (these indicators are among those actually used in the literature 
about the efficiency of higher education institutions – see De Witte & Lopez-Torres, 2017).

Source: Author’s elaboration.

Figure 12.1 The production process of HE within HE institutions – a reference model
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produced with the available resources. In this vein, the two topics – level of public funding 
and its efficiency of use – are strictly intertwined.

The remainder of this chapter is organized as follows. In §1, I present some data about public 
resources allocated to HE in recent years, in a comparative perspective; also, the imperative of 
‘doing more with less’ is critically discussed. In §2, I describe the two main methodological 
approaches used in the literature for assessing the efficiency of HE systems and institutions – 
namely, the parametric and non-parametric approaches. Section 3 synthetizes some evidence 
coming from a selection of studies about the efficiency of HE systems and institutions, as 
conducted in various areas of the world – with the aim of presenting a synthetic view of the 
state-of-the-art of the empirical evidence in the field. Lastly, §4 concludes with suggestions 
for future research.

1.1 Data about Higher Education Spending in OECD Countries

In this subsection, I report two key data about governmental spending on higher education (see 
Table 12.1), providing also an idea of their evolution over time. In Panel A, there is the total 
spending per student in Purchasing Power Parity US dollars, while in Panel B there is the 
spending as a percentage of GDP. In both cases, data refer to the expenditure of the general 
government for all the (public and private) tertiary education institutions. I included all OECD 
countries for which at least two observations are available in the selected years (that is 1995, 
2000, 2005, 2010 and 2016). The database from which information is extracted is the annual 
publication by OECD, named Education at a Glance.2

From the reading of Table 12.1, two main pieces of evidence can be commented on. First, 
there is a substantial heterogeneity across countries in the amount of resources invested in 
tertiary education – and, consequently, relevant differences in the amount of resources available 
for the institutions. The (public) spending per student (in 2016) varies between around $2500 
(Greece) and more than $20 000 (Sweden and Norway), with an average value of $9300. These 
differences correspond to a minimum allocation of 0.4 per cent of GDP (Japan) and a maximum 
of 1.7 per cent (Norway), with an average value of 0.9 per cent. Such differences in the spending 
decisions likely reflect heterogenous policy priorities, features of higher education systems and 
overall countries’ economic and public finance situation. Nevertheless, any evaluation of the 
efficiency of HE spending should keep adequately in mind these differences in overall resources 
invested in the sector. Second, in all of the countries the overall public spending in the HE field 
is substantial (various billions of dollars), so ensuring its efficient use is a crucial issue, as well 
as is the development of interventions and policies that can improve it. This policy attention 
is of utmost importance if we observe the dynamic of public spending in the sector. In most 
countries included in Table 12.1, the pattern observed is one of stagnant growth expenditure, 
and in some cases the proportion of GDP invested is even declining. An important distinction 
is useful here; indeed, in many developed economies the resources devoted to HE are actually 
stable or declining (see, for example, Canada, Australia, the United States and France), while 
many emerging economies are increasing investment in the HE sector (see the cases of Brazil, 
Chile and Mexico). These different patterns suggest that emerging countries must create a more 
empirical base for studying the efficiency of their (growing) expenditure in the field. At the 
same time, the developed countries must face the challenge of keeping their level of HE produc-
tion at a satisfactory level, without counting on growing contributions from public budgets – a 
topic which is directly connected with the quest for efficiency, which I discuss in §1.2.
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Table 12.1 Panel A
Total (direct) expenditure on educational institutions (all private and public) per full-time 
equivalent student in tertiary education (level 5−8 ISCED11) from general government

Country 1995 2000 2005 2010 2016
Australia 6238 USD 6436 USD 7584 USD 6391 USD

Belgium 10 902 USD 13 551 USD 14 963 USD

Chile 1131 USD 1159 USD 923 USD 1677 USD 2698 USD
Czech Republic 5605 USD 4469 USD 5304 USD 6025 USD 7257 USD
Germany 11 160 USD 14 636 USD 14 468 USD

Denmark 9775 USD 11 246 USD 14 378 USD 18 040 USD

Spain 3298 USD 5101 USD 7731 USD 10 318 USD 8273 USD
Estonia 2559 USD 2349 USD 2607 USD 4476 USD 10 411 USD
Finland 9595 USD 10361 USD 11855 USD 16 476 USD 16 221 USD
France 9287 USD 12 241 USD 12 474 USD

Greece 3008 USD 3565 USD 6111 USD 2529 USD

Hungary 5104 USD 4752 USD 4333 USD 5969 USD 7089 USD
Ireland 4697 USD 8655 USD 8652 USD 9491 USD

Iceland 8475 USD 8750 USD 8148 USD 12 888 USD

Israel 6759 USD 6786 USD 5281 USD 5605 USD 6241 USD
Italy 4175 USD 5390 USD 5250 USD 6644 USD 7066 USD
Japan 4690 USD 5974 USD 5864 USD

Lithuania 2415 USD 2842 USD 4779 USD 5107 USD

Latvia 1610 USD 2297 USD 3043 USD 4864 USD

Mexico 3305 USD 3661 USD 4294 USD 5681 USD 5077 USD
Netherlands 8898 USD 10 042 USD 11 058 USD 12 329 USD 13 168 USD
Norway 10 117 USD 12 471 USD 15 268 USD 18 100 USD 20 467 USD
Poland 2091 USD 3532 USD 4937 USD 7064 USD

Portugal 3934 USD 4543 USD 6361 USD 6688 USD 6761 USD
Russia 4,403 USD 5,408 USD

Slovakia 4585 USD 4301 USD 4439 USD 4948 USD 7932 USD
Sweden 13 200 USD 14 032 USD 13 247 USD 17 962 USD 20 486 USD
United States 6066 USD 8521 USD 9920 USD 10 269 USD 10 428 USD

Notes: Authors’ elaborations on OECD data (Education at a Glance, various years). When cells are empty it 
means that data are missing. All countries in the last edition of OECD Education at a Glance were selected, but  
I include only those for which we have three years of observations. All data are reported in USD PPP (Purchasing 
Power Parity).
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Table 12.1 Panel B
Total (direct) expenditure on educational institutions (all private and public) in tertiary 
education (level 5−8 ISCED11) from general government, as a percentage of GDP

Country 1995 2000 2005 2010 2016
Australia 0.75 0.69 0.78 0.75

Belgium 1.08 1.20 1.23

Brazil 0.63 0.67 0.75 0.86 1.00
Canada 1.49 1.34 1.58 1.25

Switzerland 1.05 1.05 1.27 1.16 1.27
Chile 0.37 0.38 0.30 0.53 0.80
Czech Republic 0.59 0.63 0.77 0.89 0.69
Germany 0.88 1.01 1.01

Denmark 1.59 1.48 1.60 1.69

Spain 0.73 0.83 0.85 1.02 0.81
Estonia 0.97 1.02 0.78 1.04 1.24
Finland 1.84 1.60 1.59 1.77 1.55
France 1.10 1.07 1.19 1.12

Greece 0.55 0.74 1.41 0.62

Hungary 0.78 0.85 0.85 0.82 0.67
Ireland 0.86 1.10 0.90 1.17 0.57
Iceland 0.94 1.08 1.03 1.12

Israel 1.04 0.99 0.84 0.84 0.79
Italy 0.59 0.63 0.61 0.63 0.54
Japan 0.46 0.51 0.42

Lithuania 0.91 0.85 1.08 0.73

Latvia 0.68 0.69 0.76 0.71 0.68
Mexico 0.65 0.68 0.79 0.94 0.94
Netherlands 1.16 0.97 1.03 1.12 1.14
Norway 1.81 1.61 1.68 1.56 1.78
Poland 0.80 0.70 1.16 1.01 0.93
Portugal 0.82 0.87 0.84 0.91 0.71
Slovak Republic 0.69 0.68 0.68 0.62 0.69
Slovenia 0.94 1.02 0.84

Sweden 1.36 1.35 1.31 1.45 1.36
Turkey 0.74 0.90 1.41

United States  0.94 1.02 1.07 0.85

Notes: Authors’ elaborations on OECD data (Education at a Glance, various years). When cells are empty it 
means that data are missing. All countries in the last edition of OECD Education at a Glance were selected, but we 
include only those for which we have three years of observations. All data are reported in percentage points (over 
the GDP).
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1.2 ‘Doing More with Less’ – An Imperative for Higher Education in the 2000s

Explicit attempts to improve efficiency have not been a recurrent topic in HE debates. Starting 
from the late 1990s and early 2000s, the decline in public funding for the sector in many 
countries imposed a discussion about the best way to efficiently use resources. ‘Doing more 
with less’ became an imperative in the field, following the direction taken by the public sector 
reforms under the New Public Management framework (Ferlie et al., 1996).

In the specific HE context, such a policy approach concentrated on certain lines. The dynam-
ics of change that happened in the HE sector are related to major trends and interventions in the 
funding system of HEIs, and specifically with the design and mechanisms of public funding 
(Liefner, 2003; Docampo, 2007; see also Chevaillier & Eicher, 2002 for a critical discussion 
of the European case). The main actions taken to impose a ‘doing more with less’ mentality in 
the HE sector can be grouped in three main categories:

• Reduction of current expenditures, by stimulating the efficient use of available 
resources. In practical terms, the definition of tight public budgets requires HEIs to seek 
a reduction in average costs for both education and teaching. All around the world, the 
proportion of public resources devoted to HE stagnated – or even reduced – so that the 
institutions cannot count on growing available resources granted by public authorities. 
With the same amount of money, the institutions must find a way to maintain the same 
level of activity, also because compressing some cost items (such as personnel) is often 
very difficult, especially for institutions belonging to the public sector. This approach 
calls the effectiveness of management into question, a typical suggestion coming from 
New Public Management (NPM) indications – namely, that public managers must hold 
strong managerial skills and competences for improving the efficiency of the organiza-
tions’ operations (Romzek, 2000).

• Searching for alternative revenues, stimulating market-like mechanisms of governance 
to attract private resources (for example, students’ fees and grants from companies), 
under the assumption that private stakeholders are more able to impose on HEIs a more 
efficient use of resources. This way, the overall costs of HE provision would be split 
across several partners and actors – a phenomenon known as cost sharing (Johnstone, 
2004) – as well as the risks and responsibilities for monitoring the employment of 
resources.

• Creating funding mechanisms that reward performance, for example allocating public 
resources according to a set of performance metrics. Performance-based funding 
(PBF) soon became a popular approach, inspiring funding reforms in HE systems 
across the globe, especially for the component rewarding research productivity 
(Hicks, 2012). Despite the academic literature about public management raising con-
cerns about the use of PBF when not properly considering contexts and information 
systems (Rabovsky, 2014 discusses this topic in the HE setting), there are theoretical 
arguments that support its use within the NPM theories. The most intriguing feature 
for supporters of ‘doing more with less’ philosophies is that an explicit reward for 
performance levels will induce the organizations to make the most of the available 
resources, with the aim of maximizing ‘value for money’ by attracting as much public 
funding as possible.
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Together with understanding the best way to maximize the efficiency of spending in the 
sector, by means of using adequate funding mechanisms, the academic and institutional 
debate also considered how different funding schemes can have an effect on equality (that 
is, favouring the access of disadvantaged students) and performance (that is, stimulating 
the production of high-quality teaching and research) – see the discussion proposed by Barr 
(2004). Nevertheless, the discussion around the specific mechanisms for allocating funds does 
not reduce the attention of the various actors to the necessity of using the available resources 
in the most efficient fashion, making the topic of HE efficiency constantly at the centre of the 
debate and policy interest.

2.  ASSESSING THE EFFICIENCY OF HIGHER EDUCATION: 
METHODOLOGICAL NOTES

In the academic literature about the empirical measurement of efficiency, the objective is to 
define a ‘frontier’ of efficient units (institutions) which is able to produce the highest level of 
output possible with the available resources (or, conversely, to minimize the use of resources 
for producing a given level of output). Empirically, data about inputs and outputs are used 
for deriving efficiency scores. The universities that obtain the best scores are classified as 
‘efficient’ and a frontier of efficiency is drawn identifying the various combinations of inputs 
and outputs that can be regarded as efficient. From a methodological viewpoint, there are two 
broad categories of techniques that can be used for deriving this frontier of efficient HEIs (see 
Johnes, 2004; De Witte & Lopez-Torres, 2017; and Johnes, 2020 for a detailed discussion).

The first category is that of parametric approaches, rooted in the economic and econometric 
traditions, that specify the efficient production function of the institutions based on microeco-
nomic theory. In this case, the coefficient of relationships between inputs and outputs is derived 
parametrically, and the deviation from the frontier is assumed to be caused partly by statistical 
(random) noise and partly by inefficiency in production. The first and most basic well-known 
method in this group is Stochastic Frontier Analysis (SFA), developed by Aigner et al. 
(1977). Formulating appropriate econometric hypotheses about the non-random component 
of the deviation from the frontier, an efficiency score can be computed for each institution, 
representing the eventual distance from the parametrically defined production function. From 
a practical perspective, the mathematical form of the production (or cost) function must 
be specified, according to the underlying economic theory. Especially when using the cost 
function as formulation (for coherence with the microeconomic theories of production), the 
problem is related to modelling the production of several outputs at the same time. Moreover, 
outputs are produced with joint resources – for example, the time and energy academic staff 
contribute to production of teaching and research simultaneously. These technical problems 
about the estimation of costs for multiproduct organizations have been faced since the early 
academic literature in the field of higher education economics (Cohn et al., 1989). In the 
context of using multiproduct cost functions, the most frequently used forms employed in the 
HE field are Coob-Douglas, quadratic and translog (see Cohn & Cooper, 2004). In all cases, 
the specific cost functions selected for representing the (multiproduct) economic activity of 
universities must respect the methodological requirements indicated by Baumol et al. (1982).

The alternative category of approaches for measuring the efficiency of HEIs is that of non-
parametric methods. In this case, the relationship between inputs and outputs is not defined  
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parametrically, but instead by ‘enveloping’ input and output data observed from real institu-
tions. Having defined the efficiency as the ratio of (weighted) outputs over (weighted) inputs, 
those units which are able to maximize such a ratio are deemed to be efficient. The frontier of 
efficient units is used as the benchmark for measuring the performance of the other units – the 
larger the distance between a unit and the frontier, the higher is its inefficiency. The weights 
assigned by linear programming techniques to each unit are those that maximize efficiency 
and, at least in theory, they reflect the different strategy adopted by each institution (that is, 
the inputs or outputs to which the decision makers assign stronger importance). The most 
frequently applied methodology in this area is Data Envelopment Analysis (DEA), which has 
been proposed by Charnes et al. (1978).

The two families of methods have strengths and weaknesses, which compensate each other. 
Parametric techniques (like SFA) hold the key advantage of deriving the efficiency scores in a 
statistically robust way, so that statistical inference can be applied to explore factors potentially 
associated with (in)efficiency. Indeed, starting from the model proposed by Battese and Coelli 
(1995), a variety of econometric techniques have been employed to model the ‘determinants’ 
of efficiency scores. These models have been extensively applied in the HE sector – see, for 
example, Robst (2001) for an early application to the case of the United State and Stevens 
(2005) for the case of England and Wales. These methods are particularly useful when explor-
ing whether certain features of HEIs are associated with their efficiency or not – for example, 
the composition of faculty body, the composition of available funds, the degree of autonomy 
and so on. The main limitation of SFA is that it relies on two key assumptions: (i) the functional 
form of the production (cost) function is known, and (ii) the distribution of efficiency scores 
is also known. Both assumptions are very difficult to demonstrate and can be questioned on 
theoretical grounds. In particular, while the functional form for the production (cost) function 
is derived from standard microeconomic theory of organizations, there are good reasons 
to believe that HEIs often deviate from the hypothesized behaviour of standard economic 
theory – for example, there is no assurance of a cost-minimization incentive. If the actual 
(strategic) behaviour of universities cannot be modelled perfectly, it seems more reasonable to 
infer it by means of a non-parametric approach, that is, letting the data speak for themselves. 
This is the key advantage of using DEA (and its derivations) for analysing the efficiency of 
universities, and more generally of all those public or not-for-profit organizations which are 
not pursuing profit maximization (Emrouznejad & Yang, (2018). The flexibility of DEA can 
model production and cost functions of universities without the necessity of imposing strict 
functional forms, and so avoids the acceptance of very difficult theoretical assumptions. In 
addition, DEA can easily accommodate the specification of various inputs and outputs simul-
taneously, and this feature allows the method to model the production/cost function much more 
precisely considering the potential interactions across them. These advantages come at a cost, 
naturally. In its simplest formulation, DEA considers all of the deviation from the efficiency 
frontier as a source of inefficiency in a very determinist way. In other words, the method does 
not consider the potential for measurement errors and/or for statistical noise. This is a strong 
limitation, especially because data about university budgets and activities are often measured 
imprecisely. The development of bootstrap-DEA (Simar & Wilson, 2000) only partially solves 
the problem of the statistical validity of DEA efficiency estimates, therefore the deterministic 
nature of the method remains a strong limitation.

Given the relative strengths and weaknesses, preferring one or another approach is not 
straightforward and definitive; for this reason, the existing contributions employ both methods 
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in different circumstances and examples. Only a few studies attempt to compare the results 
obtained by using the two methods alternatively (on the same set of data) in the HE field, as for 
example McMillan and Chan (2006), Agasisti and Dal Bianco (2009) and Johnes (2014). The 
scarce use of such comparisons is reasonable given the widely different assumptions behind 
the different methodological approaches.

It is important to remark that SFA and DEA are the two basic approaches that have been 
improved and developed in decades of methodological and empirical research; the interested 
reader who wants to know more about recent advancements in these methodologies – as used 
in the educational context – can refer to the excellent essay by Johnes (2020). Anyway, the cur-
rent academic literature still refers to the basic models for most empirical analyses of tertiary 
education institutions (see the review by De Witte & Lopez-Torres, 2017).

3.  WHAT WE KNOW ABOUT THE EFFICIENCY OF HIGHER 
EDUCATION: A CRITICAL READING OF RECENT,  
EXISTING LITERATURE

Realizing a comprehensive analysis of what emerges from the wide academic literature about 
the efficiency of universities and HE systems is a complex task, which is well beyond the scope 
of this chapter. There are dozens of papers published in the past 20 years, which undertake 
assessments of HEIs’ efficiency in a variety of countries; notably, most of these studies refer 
to European countries (mainly the United Kingdom, Spain, Germany, Italy), Australia, the 
United States and China. The interested reader can have a first, synthetic view of this field 
through the reviews in Worthington (2001), Salerno (2003), Johnes, (2004) and De Witte and 
Lopez-Torres (2017). The overall picture that emerges from this (very heterogenous) literature 
is twofold: (i) the average efficiency of universities is relatively high (the average degree of 
inefficiency reported in most HE systems is between 10 per cent and 15 per cent), and (ii) it 
is possible to identify specific factors associated with efficiency, such as for the example the 
composition of the faculty, the subject mix between humanities, social science and scientific 
fields, the sources of revenue, size and so on. This way, policy makers at the national level can 
make detailed suggestions about levers that can be activated or aspects that can be modified for 
improving the average efficiency of the universities operating in their countries. At the same 
time, managers of single institutions can have a benchmark to compare their operations and 
activities. Therefore, although country-specific studies are very informative about situations 
in single systems, it is very difficult to draw definitive views about the overall efficiency of 
the universities around the globe.

Given that previous studies already provide a comprehensive picture of the literature that 
concentrates on country-specific assessments of universities’ efficiencies, the main aim of this 
section is to describe the findings from some recent contributions, tackling a specific angle 
which is the comparison of efficiency scores for different HE systems or universities, that is, an 
international perspective. Such a specific focus has two main advantages. First, by considering 
only more recent contributions the chapter discusses recent data, which can be interesting for 
analysts and policy makers. Second, by considering the international perspective, it contributes 
to a wider policy horizon, implying messages and stimuli for an international readership. The 
section includes studies which consider two different levels of analysis: whole HE systems 
(national level) or single HEIs in different countries.
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Few papers consider the entire HE systems as units of analysis.3 St. Aubyn et al. (2009) 
assess the efficiency of 23 European HE systems, in addition to those of the United States and 
Japan, for the period 1998−2005. Semi-parametric methods and SFA are both employed, and 
the findings identify a group of efficient HE systems across a variety of model specifications 
(Ireland, Japan, Sweden, the United Kingdom and the Netherlands). Some other countries 
report very low efficiency scores (such as Bulgaria, Spain, Hungary, the Czech Republic, 
Slovakia, Estonia, Portugal and Greece). The authors are interested in exploring the system-
level features associated with higher levels of efficiency, and indicate the following elements: 
a well-performing secondary system, output-based funding rules (that is, incentives towards 
performance), institutions’ formal and independent evaluation and institutions’ autonomy 
in staff policy. Agasisti (2011) performs a similar exercise, with the notable difference that 
the focus is on 18 European HE systems, it considers only the period 2000−03 and DEA is 
adopted as the methodology. The HE systems which are identified as efficient are those of 
Switzerland and United Kingdom – but with less differences than those reported by St. Aubyn 
et al. (2009). Among the factors associated with efficiency, GDP per capita shows a positive 
correlation with efficiency, while public funding a negative one; this latter result is particularly 
important from a public finance perspective, as it suggests the potential room for containing 
public spending without harming the production of HE outputs. Unfortunately, there are no 
recent studies that provide updated measures of efficiency at the country level in a dynamic 
(panel) perspective; this is a gap that must be addressed in the next few years, as more recent 
data can support positive policies and actions at the supranational level. The paper by Kosor 
et al. (2019) assesses the efficiency of HE systems of the EU-28 countries for the single year, 
2015, using a DEA method. The results indicate that the average efficiency level is around 90 
per cent, with many HE systems appearing to use their public funding efficiently. Nevertheless, 
some countries obtain very low efficiency scores, in particular Greece and Italy.

The earliest attempt at comparing the efficiency of single universities across more than one 
country comes from the innovative work by Joumady and Ris (2005). The authors exploit 
the available data obtained through interviews conducted with graduates from more than 200 
universities in eight European countries. The efficiency scores derived are used for ranking 
single institutions, and for obtaining system-level average performance. However, the bulk 
of the (still scarce) academic literature which studies the efficiency of universities in a cross-
national perspective utilizes a relatively new dataset developed by the European Commission, 
named ETER4 – European Tertiary Education Register, and also the previous versions of it 
called Aquameth and Eumida.5,6 By means of these new data, analysts can explore the produc-
tion processes of universities across different countries within the European boundaries, being 
substantially sure that variables and their measurement are sufficiently comparable across the 
HE systems. Daraio et al. (2015) use an extract from the database for the year 2008, including 
400 universities in 16 European countries, and apply a robust non-parametric efficiency tech-
nique. The results suggest that size and subject specialization are statistically associated with 
the efficiency of universities in the various countries, although efficiency in research activity 
benefits from multidisciplinary interactions. Bolli et al. (2016) employ data of universities 
from eight European countries for the period 1994−2006, with the aim of evaluating whether 
different types of funding affect their efficiency. Through the use of SFA methodology, they 
demonstrate that the use of different types of funding mechanisms (in particular, fees vs 
competitive research grants) can generate different effects on the efficiency frontier and scores 
of single universities. Veiderpass and McKelvey (2016) explore the efficiency of around 
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950 universities in 17 European countries, adopting DEA as the methodology. The findings 
indicate that the most efficient universities are located in countries which spend less on HE; 
moreover, the size of institutions and research intensity are positively associated with the effi-
ciency scores in all the HE systems considered. Herberholz and Wigger (2020) perform a DEA 
efficiency analysis of 450 universities across 16 European countries, for the period 2011−14. 
Their approach starts with defining clusters of homogenous universities, according to their dis-
cipline profile (for differentiating between humanities, social sciences and scientific subjects). 
The results indicate that universities in some countries are more efficient, on average (Poland, 
Belgium and the Netherlands). When considering the factors associated with efficiency, the 
study suggests positive correlations with the share of full professors, the proportion of external 
(non-public) funding and size (as measured through the number of students). Importantly, the 
authors claim that fair comparisons of efficiency must take into account structural differences 
due to different subject mixes, otherwise these differences would be improperly attributed to 
(in)efficient use of resources. This recommendation is in line with the study by Bonaccorsi 
and Daraio (2008), who clearly indicate that universities actually pursue different strategies, so 
that their efficiency must be evaluated accordingly for taking such heterogeneity into account.

Wolszczak-Derlacz (2017) compares, for the first time, the efficiency of 500 universities 
located in 10 European countries and in the United States (using a double-bootstrap DEA 
methodology as prescribed by Simar & Wilson, 2007); this is a unique study that adopts a truly 
international perspective, outside the boundary of two different continents. The time window 
under scrutiny is the decade between 2000 and 2010. The findings presented in this work 
are particularly relevant, as they constitute the state-of-the-art knowledge about the relative 
efficiency of the HE systems. When assuming a cross-continental frontier, the mean value of 
efficiency scores is very similar in Europe and in the United States, indicating that universities 
on both continents can substantially increase their outputs (graduates and publications) by 
around 35 per cent – on average – without employing more resources. Of course, these average 
results mask great heterogeneity within both European and US HE systems; moreover, US 
universities report much higher spending per capita, implying that they also produce more 
graduates and publications (although at a similar efficiency rate as their European counter-
parts, that is, producing a higher volume of outputs). When considering the factors associated 
with efficiency, the most notable evidence is that public funding tends to have a negative cor-
relation with efficiency at European universities, while the same relationship does not hold for 
the US institutions. This element stimulates reflections for public finance policies, indicating 
that the dependence on public budgets can be detrimental under specific circumstances but not 
in others. Additionally, in both HE systems the most efficient universities are located in the 
most economically developed regions, suggesting that the efficiency of operations is somehow 
influenced by the economic activities of the territory where the universities work.

Much less evidence is available about the relative efficiency of HEIs in other areas of the 
world, such as Africa, Asia or Latin America – although some recent studies report some first 
empirical explorations of the universities’ efficiency in those areas (see Munoz, 2016; Myeki 
& Temoso, 2019; Villano & Tran, 2019). For other areas, like China and Australia, there are 
many more country-specific studies of universities’ efficiency (see, for example the recent 
contributions by Yang et al., 2018 and Lee & Worthington, 2016), but universities from these 
countries are not included in more international benchmarking exercises. As pointed out in §4, 
the opportunity of building a more comprehensive view of the international frontier of efficient 
universities and HE systems is one fundamental challenge for future research in the field.
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4.  THE WAY FORWARD: LINES FOR FUTURE RESEARCH  
IN THE FIELD

In the light of the main aspects emerging from the current discussion about the efficiency of 
public spending in higher education, it is worth indicating three main lines for future research 
in the field. They should be conceived as additional to the ongoing effort of studying efficiency 
of HE systems and institutions. My opinion is that a constant, perseverant research agenda on 
efficiency levels of HE in various countries is necessary for both academic and institutional 
reasons. Indicating lines for research development in the area is coherent with the nature of 
this Handbook, which questions current and future trends in the broader Public Finance field.

4.1  Cross-country Comparisons of HE Efficiency – Identifying the International 
Efficiency Frontier

In §3, a description of current recent studies confirmed the ongoing interest in exploring the 
efficiency of HE systems, as well as the efficiency of single institutions across countries. 
Such an interest is understandable, given the potential for inspiring policies and actions from 
different contexts, by learning from the experience of various countries – see, for example, the 
well-known discussion about what European universities can learn from the US HE system, 
as proposed by Aghion et al. (2010).

This strand of academic research necessitates some further development, however. A 
present limitation is that some of the recent attempts at comparing HE systems in very dif-
ferent areas of the world systematically consider only two of them at the same time, as in 
Wolszczak-Derlacz (2017). In these empirical exercises, other areas of the globe should be 
included, such as Australia, China and so on, where very well-developed HE systems exist. A 
full picture of the international efficiency frontier of universities should consider all these areas 
simultaneously, a challenging task which requires some investment in building comparable 
and credible datasets.

When considering the potential benefits coming from international benchmarking, however, 
it must be acknowledged that efficiency studies in some countries and areas of the world are 
less frequent than in others. For instance, Arias-Ciro (2020) underlines how few contributions 
exist about Latin American countries. Moore et al. (2019) take the initiative to systematically 
explore the efficiency of universities and other HEIs in a group of Asian countries, like 
Cambodia, Pakistan, Thailand and so on – which is an area of the world where the number 
of studies about HE efficiency is very limited. Given the steady growth in public resources 
devoted to HE in these countries, a clear direction for future research consists of producing 
more evidence about the efficiency of HEIs in this area, also comparing the obtained results 
with those in different countries – this way deepening the understanding of the international 
frontier of efficient public spending in the field.

4.2 Determinants of HE Efficiency – Moving Towards Exploring Causal Effects

A number of studies demonstrate that the (in)efficiency of Higher Education Institutions is 
statistically correlated to a number of their characteristics, such as the size of the institution 
(related to the exploitation of economies of scale), the number and composition of faculties, the 
sources of funding and gender staff composition (for example, Wolszczak-Derlacz & Parteka, 
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2011). The analyses aiming at detecting associations with efficiency scores usually rely upon 
two-stage procedures (in the case of non-parametric methods) or upon statistical modelling of 
inefficiency components (in the case of parametric approaches). In both cases the coefficients 
of correlation between efficiency scores and the selected characteristics must be interpreted as 
statistical associations, and not as causal influences. For exploring causal effects on efficiency, 
a different framework is needed. As pointed out by De Witte and Lopez-Torres (2017), this is 
an important challenge for scholars who want to move a step forward to the use of efficiency 
studies for supporting and suggesting policies in the HE field.

There are various promising avenues for introducing a more formal and robust assessment 
of causality within efficiency studies in the Higher Education field. For example, Santín 
and Sicilia (2018) exploit a natural experiment for assessing the effectiveness of a policy 
using an efficiency framework; the specific exercise refers to primary schools but can be 
similarly extended to HE. More generally, Santín and Sicilia (2017) suggest a general method 
for dealing with endogeneity in efficiency estimates that use Data Envelopment Analysis – 
where endogeneity is a major source of threat to causal inference. Also, the combination of 
adequate econometric techniques (such as Instrumental Variables or matching procedures) 
with efficiency analyses can better identify causal effects of variables on efficiency scores, by 
controlling for selection bias.

Without further entering into the technical details of various ways to improve the analyses 
of causal effects on efficiency, it is important to highlight this as an area of important develop-
ment for the research in the field. Indeed, the provision of findings that identify clear and 
robust causal effects on efficiency can serve the decision makers – especially managers of 
single institutions and national policy makers – with actionable indications and suggestions 
for improving the value for public money invested in the HE sector.

4.3  Tackling the Quality Issue – Measuring the Quality of Output and Efficient 
Production

In comparing the production processes of universities, the analyst assumes that the quality of 
outputs is homogenous across the various institutions – this way, the efficiency can be defined 
as the ability of maximizing the (quantity of) outputs given the available (quantity of inputs). 
Such an assumption – often left implicit in the academic papers – is, however, hard to be 
accepted silently. There are two major threats to the validity of this key assumption:

• The quality of available inputs is different (for example, the skills and competences of 
students when they enrol at the university) or they are affected by external conditions 
that influence their use in the production process – a phenomenon which Johnson and 
Ruggiero (2014) call ‘environmental harshness’ with specific reference to education.

• The quality of the produced outputs is heterogenous across universities, so the pure 
measurement of quantities does not allow considering inefficiencies in the production 
processes (as they are masked by quantities, indeed).

Both these threats are serious and can impair unbiased comparisons of universities’ 
efficiency. Taking into account these quality differences is challenging, albeit possible. A few 
examples can help here. Data about students (typically, used as inputs in efficiency analyses) 
can be ‘corrected’ for considering the measured level of competences at the enrolment (this is 
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the approach used by Agasisti & Salerno, 2007). On the output side, the number of academic 
publications (a typical output in efficiency analyses) can be weighted through citations to 
measure their impact/quality (see Abbott & Doucouliagos, 2003). None of these methods 
are perfect; nevertheless, they are valuable attempts at dealing with a fundamental issue in 
efficiency measurement. Future research should be devoted to developing protocols and 
guidelines for integrating the consideration for input/output quality into standard efficiency 
measurement and comparisons across institutions. In this vein, Daraio et al. (2019) pave the 
way for concrete advancements, by suggesting a method for identifying latent quality variables 
within efficiency analyses.

NOTES

1.  See also an interesting discussion in Winter and Pfitzner (2013).
2. I employed several years/editions of Education at a Glance for analysing the relevant data. I am grateful to Eng. 

Alice Bertoletti for the help in gathering the data and creating the tables presented in this section.
  Please refer to the OECD website for further details about the way in which statistics are computed:
  https://www.oecd.org/education/education-at-a-glance/
3. The paper by Williams et al. (2013) describes the performance of 48 HE systems across the globe, using 20 

variables classified in specific macro-categories. However, the analysis does not present an efficiency evaluation 
of the systems themselves.

4. For details about the ETER Project and the current content of this dataset, please visit the website
  https://www.eter-project.com/#/home
5.  It is worth recalling that another interesting stream of the literature is the one comparing the efficiency of universi-

ties in (only) two different countries. For example, Italian universities’ efficiency scores have been compared with 
those of their English (Agasisti & Johnes, 2009), Spanish (Agasisti & Perez-Esparells, 2010), Dutch (Agasisti & 
Haelermans, 2016) and Polish (Agasisti & Wolszczak-Derlacz, 2015) counterparts.

6. An alternative, interesting approach is presented by Bolli (2011); in this (unpublished) paper, the author uses 
the QS World Ranking as data source for deriving efficiency scores of 273 top research universities across 29 
countries in the period 2007−09.
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13. Efficiency of public health spending
 Pedro Pita Barros and Eduardo Costa

1. THE PUBLIC HEALTH SECTOR: WHY IS IT SPECIAL?

Access to high-quality care is a priority worldwide. The desire to protect citizens against 
adverse health shocks has motivated multiple and ambitious programmes across the world. 
The introduction of national social insurance or the provision of health care through a national 
health service are just some examples. In fact, the goal of achieving universal health coverage 
worldwide has become a major priority objective of the World Health Organization.

Despite the important role that private entities can play in funding or providing health 
care, attaining such an ambitious objective implicitly recognizes the scope for government 
intervention. Public health spending is related to the need to provide adequate health coverage 
and access to the population, as well as of reducing unmet needs. This implicit role attributed 
to the public health sector was amplified following the COVID-19 pandemic, even in coun-
tries where the public health sector plays usually a smaller role. The need for public health 
investment, for national and supra-national coordination, as well as the need to overcome 
market failures, create multiple grounds for government intervention in the health sector. Such 
intervention can take multiple forms, from regulation, financing or direct provision of health 
care. Regardless of the form taken, it is clear that public health spending is a crucial part of 
modern health systems.

The unequivocal importance of the health sector to modern societies, alongside the rationale 
for public intervention, led the public health sector to gain a main role in general government 
expenditure. In 2018, general government expenditure represented 41 per cent of GDP, on 
average, for high-income OECD countries (OECD, 2019). Health spending is one of the 
main areas of government intervention included, representing 19 per cent of public spending, 
surpassed only by social protection spending. The importance of the public health sector, meas-
ured by its proportion of public expenditure, has also increased over time. It is the sector with 
the second highest growth rate in government spending in the decade 2007−17 (Figure 13.1), 
representing an increasing share of GDP.

Total health spending can be funded by compulsory health insurance, voluntary health 
insurance and out-of-pocket payments. The following figure displays the composition of 
health spending for a set of European countries12(Eurostat, 2020).

Compulsory health insurance is mandatory expenditure that aims at protecting individuals 
against negative health shocks. On average, it represents 76 per cent of total health spending, 
and it can be either public (41 per cent) or private (36 per cent). Compulsory public insur-
ance (which is the focus of this chapter and will be referred to as ‘public health spending’) 
is determined by the government, who has the direct responsibility and a specific budget to 
manage the health programme. On the other hand, compulsory private spending represents 
health care protection which is determined by law or by the government based on the payment 
of contributions by or on behalf of individuals (for example social health insurance, mandatory 
health insurance and so on).
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Figure 13.1  Expenditure by function (per cent of general government expenditure;  
left axis; 2017) and change in expenditures by function (per cent of GDP; 
right axis; 2007−17) 

Voluntary health insurance (5 per cent of total health spending) represents spending by 
individuals that buy additional health insurance, to achieve higher levels of protection, even if 
not mandated by the government.

Out-of-pocket payments (19 per cent of total health spending) are direct health care pay-
ments made by individuals at the point of use. Still, such payments can result from the absence 
of insurance protection (for instance, if a patient goes to hospital without insurance and has to 
pay the full price), or from user charges determined by the insurance protection (for instance, 
co-payments mandated by the insurance firm). Thus, part of these payments is determined 
by insurance, while the remaining represents a direct decision of the individual to pay for 
immediate use of health care services or products. However, data in Figure 13.2 does not allow 
us to decompose those two effects.

Health spending results from a price and a quantity effect. Higher health spending growth does 
not necessarily imply the provision of more or better health services. Instead, such growth might 
reflect cost increases on some of those services. By the same token, cost containment measures 
might achieve price reductions – which will be reflected in lower health spending, even if the 
level of health services remains unchanged. Also, health spending levels do not account for debt 
contracted by the health sector not paid in the current year. By not considering debts, the required 
spending level for the observed health outcomes would be greater than that registered for that 
particular year. One should be careful when analysing health spending data given that the price 
and quantity effects might not be immediately or clearly displayed by the data.

The importance of public health spending in total health spending varies considerably across 
countries. Figure 13.3 represents such variables relative to the European average (Eurostat, 
2020). The European average is used as a benchmark to aggregate countries, but it does not 
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necessarily reflect an optimal allocation. Thus, convergence to the European average should 
not be seen as a goal or a desirable outcome. One can observe a positive relation between 
both variables. Countries with higher levels of health spending (relative to the European 
average) tend to have higher levels of public health expenditures. There are two exceptions to 
this behaviour. The upper left quadrant displays one of those: countries where public health 
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Figure 13.2 Decomposition of current health spending (per cent; adds up to 100 per cent)
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spending lies above the European average, while total health spending is still lower than the 
average. This is the case of Portugal, Spain and Italy. The bottom right quadrant displays the 
second exception: the case where total health spending is above average, but public spending 
lies below it. Belgium, France, Luxembourg, the Netherlands and Germany are included in 
this group.

The following figure displays growth rates for total and public health spending since 2010, 
and plots the current share of public health spending in total health spending. Except for 
Greece, total health spending has increased over this period. Moreover, public health spending 
and total health spending have a tandem behaviour. However, the share of public health spend-
ing varies substantially across countries – reflecting different health systems’ organization. 
Among the 30 different countries, ten have a share of public health spending lower than 10 
per cent, while seven have a share higher than 70 per cent.

The growth of health spending reflects, among other factors, the roll-out of more expensive 
innovations, general economic growth (leading to higher aspirations and expectations for 
health care), as well as changes in demographic structures. In the opposite direction, this 
growth is also slowed by public policies for cost containment. However, in a context of low 
economic growth and fragile public finances, such growth imposes significant challenges to 
the fiscal sustainability of such spending. In fact, the total public health expenditure to GDP 
ratio is projected to more than double between 2015 and 2060, to 13.9 per cent in OECD 
countries. In an even more optimistic scenario, where cost-containment measures are enforced, 
the ratio would still increase by more than half, to reach 9.5 per cent (Oliveira Martins & de 
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la Maisonneuve, 2015). Without significant room to increase revenues, governments need to 
balance the needs of different sectors and, in that sense, public health spending competes with 
other sources of public spending (such as education or social security for instance).

The health sector typically has restrictions to market competition as well as entry barri-
ers. Firms in the health sector can also have different objective functions from traditional 
firms. Ethical behaviour, combined with regulation, may prevent purely profit-maximizing 
approaches. Additionally, the existence of public institutions or not-for-profit private institu-
tions can also change market interactions between all agents. This is also a sector subject to 
significant uncertainty: both on the demand side (uncertainty with respect to disease incidence 
and severity), and on the supply side (uncertainty regarding the proper treatment and on its 
results). Such uncertainty, for a given patient at a certain moment of time, can result in abrupt 
changes on the health status and income. This is the cornerstone for protection schemes such 
as health insurance or public health care provision.

Unregulated private health insurance protects from uncertainty. However, such an instru-
ment is likely to exclude high-risk patients through very high premiums. Traditional health 
insurance, in the presence of asymmetric information, is also likely to face the typical prob-
lems of adverse selection, moral hazards and other market failures. The existence of public 
intervention helps to counteract some of these issues and, particularly, contributes to ensuring 
protection for the entire population – preventing groups of patients from being excluded from 
the health system. Public intervention can take several forms, such as open enrolment rules, 
mandatory social health insurance or the direct provision of health services.

Different countries have organized such protection in different ways. This introduces an 
additional characteristic of the health system: patients do not usually pay directly to providers. 
In fact, the health sector has typically a third party, such as an insurance company or a public 
agency, which is responsible for collecting premiums or taxes from patients and making the 
payments for providers. With the exception of user fees and co-payments, a patient’s payment 
occurs through such a third-party agent. Such an intermediary between consumers and produc-
ers of health care ensures protection and, at the same time, separates funding from provision. 
In fact, both funding and provision can be either private or public. Different health systems 
will have different combinations of such mechanisms. No evidence supports superiority of 
one system to the detriment of another, as different systems are the result of the evolution of a 
country’s social protection schemes.

2.  MEASURING PUBLIC HEALTH SECTOR EFFICIENCY

Public health spending has multiple objectives. Its main objective is to improve population 
health, which can be decomposed in terms of its quantity (longevity or life expectancy) 
and its quality (life quality indicators). This section will focus on both these objectives. 
Additionally, there are equity objectives of public health spending. In fact, such spending is 
used to promote access to health care, the protection of vulnerable populations (or specific 
population groups), as well as to ensure equity in the way the health system is financed. This 
section also accounts for the analysis of equity in health care access. However, the scope of 
equity in health system financing is not included here – as it is more related to tax system 
fairness and efficacy.
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2.1 What is Public Health Sector Efficiency?

Health spending has increased over time and has resulted in improved health outcomes, such 
as longer and better lives. However, there is significant variability across countries, suggesting 
different degrees of efficiency of such spending. Figure 13.5 represents such a relation. The 
upper right quadrant represents the relation between life expectancy at age 653 and total health 
spending, while the upper left quadrant displays the relationship with public health spending. 
By the same token, the bottom right quadrant represents the relationship between total health 
spending and healthy life expectancy at age 65.4 The bottom left quadrant displays the relation 
between that variable and public health spending.

BE

BG

CZ

DK DE

EE

IE
GR

ES FR

IK

IT
CY

LV
LS

LU

HU

MT
NLAT

PL

PT

RO

SI

HR

FISE UK
ISNO BE

BG

CZ

DK DE

EE

IEGR
ES FR

HR

IT
CY

LV
LT

LU

HU

MT
NLAT

PL

PT

RO

SI

SK

FI SEUK
IS NO

BE

BG

CZ

DK
DE

EE

IE

GR

ES
FR

HR

IT

CY

LV

LT

LU

HU

MT

NL

AT

PL

PT

RO

SI

SK

FI

SE

UK

IS

NO

BE

BG

CZ

DK
DE

EE

IE

GR

ES
FR

HR

IT

CY

LV

LT

LU

HU

MT

NL

AT

PL

PT

RO

SI

SK

FI

SE

UK

IS

–20

–50

–10

–5

0

5

10

–4000.00 –3000.00 –2000.00 –1000.00 0.00 1000.00 2000.00 3000.00 4000.00 5000.00

H
ea

lth
y 

lif
e 

ex
pe

ct
an

cy
 a

t a
ge

 6
5

Li
fe

 e
xp

ec
ta

nc
y 

at
 a

ge
 6

5

65

Public health spending Total health spending

Source: Eurostat; own calculations.

Figure 13.5  Relation between health expenditure and gains in life quality and quantity. 
Life expectancy at age 65 (top axis – 15 to 25 years) and healthy life 
expectancy at age 65 (bottom axis – 0 to 20 years), per capita public health 
spending (left axis – 0 to 4000 euros) and per capita total health spending 
(right axis – 0 to 5000 euros). (2018; Purchasing Power Standard per 
inhabitant) 
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There is a positive relation of both total and public per capita health spending to life quantity 
and quality (captured by life expectancy at age 65 and healthy life expectancy at age 65, respec-
tively). However, one can notice significant variability in per capita health spending levels.

If we focus on the upper right quadrant, we can find examples of those variations. Taking the 
Czech Republic as an example, one can find other countries with similar levels of per capita 
total health spending, but with higher life expectancies at age 65. For instance, despite having 
similar spending levels, Slovenia’s life expectancy at age 65 is higher by almost two years. Not 
only is Slovenia able to achieve higher life expectancies at age 65, but it is also able to achieve 
a healthy life expectancy at age 65 higher by roughly one year.

The same differences can be found when looking towards the relationship between health 
spending (public and total) with the years of potential life lost5 across countries. Figure 13.6 
shows that countries with higher levels of public and total health spending achieve, on aver-
age, lower levels of years of potential life lost. However, one can notice again significant 
differences in outcomes across countries with similar levels of health spending. The existence 
of such differences raises concerns about whether different health systems have different 
efficiency levels. If such an efficiency differential is true, then one could implement measures 
that, for the same health spending level, would improve health outcomes.

Economists define efficiency as the relation between inputs and outputs. A higher efficiency 
exists when the same level of inputs achieves higher outputs. Such a definition is built upon the 
concept of production functions, where, given a certain technology, inputs are combined and 
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Figure 13.6  Relation between health expenditure and years of potential life lost (rate 
expressed per 100 000 age-standardized population under 70). Per capita 
public health spending (left axis – 0 to 5000 euros) and per capita total health 
spending (right axis – 0 to 5000 euros) (2017 or closest year; Purchasing 
Power Standard per inhabitant) 
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processed into an output. In the health sector, the efficiency discussion can be easily translated 
to value-for-money or bang-for-buck analysis, where spending (public, private or both) is seen 
as an input in the process of producing health. Inefficiencies in the health sector occur when 
resources are not being used efficiently. Examples of inefficiencies in the health sector setting 
can be thought of as excessive hospital length of stay, over-prescribing, over-staffing, and 
wastage of stock among others.

Nonetheless, in economics, the concept of efficiency can mean different things. An 
important distinction needs to be made between technical and allocative efficiency. Technical 
efficiency implies that a certain unit, for instance a hospital, is producing at its maximum with 
the set of inputs it has (doctors, nurses, beds and so on). This implies that such a hospital is 
working on its production function, without any slack or waste of resources.

The concept of allocative efficiency is stricter, and it implies that money is not being 
spent on the wrong inputs. This allows for the possibility of selecting the optimal amount of 
inputs – instead of working with a fixed input level − such that a certain health care production 
level is achieved at the minimum possible cost. Therefore, from the set of technical efficient 
allocations (all production points lying on the production function), imposing an allocative 
efficiency requirement implies selecting the production function point compatible with the 
lowest cost. Figure 13.7 illustrates this idea.

The horizontal axis represents health spending, which can be thought of as the key input 
used in the production of health. The vertical axis represents such health – measured in both 
quality and quantity of life terms, which can be interpreted as the quality adjusted life years 
(QALY). As seen in Figure 13.7, countries with different levels of health spending can have 
different outcomes. The line in the plot represents the production possibility frontier, meaning 
that all points on and below the line can be attained by the health system. However, given 
a certain level of health spending, no point above the production possibility frontier can be 
achieved.

A health care system represented by point A is below the production possibility frontier. This 
means that the current spending level is not achieving the maximum possible output. Point A is  
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Figure 13.7 Illustration of technical and allocative efficient bundles
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therefore technically inefficient. If efficiency inducing measures were to be implemented, 
the country health system could eventually evolve up to point B (the example of the Czech 
Republic versus Slovenia mentioned above).

However, while point B is technically efficient, it is still allocatively inefficient. Cost-
effectiveness thresholds ensure that only treatments that yield QALYs at a reasonable cost 
are adopted. If we assumed this to be the case, and we consider the orange line in the plot to 
represent the ‘reasonable’ threshold, then point B is allocatively inefficient. Although health 
spending is being used in an efficient way, we are spending an ‘unreasonable’ amount of 
money for a given output. An alternative would be to move along the production possibility 
frontier towards point C. This point would be both technically and allocatively efficient. Point 
C would therefore be preferred to B since the reduction in health spending involved in getting 
from C to B would compensate for losses in QALYs. Note that this reasoning hinges on the 
assumption that we are able to define the ‘reasonable threshold’ for the cost on an additional 
quality adjusted life year – which is one of the main challenges in cost-effectiveness analysis.

Hence, the concept of efficiency can be represented by a generic indicator such as the ratio 
of resources to output produced. Under this setting, any deviation from the production possibil-
ity frontier would represent inefficiency. However, despite the theoretical framework under 
which efficiency is analysed seeming straightforward, practical difficulties in applying such a 
concept to the health system and, particularly, to the public health sector remain.

One of the main challenges is the determination of the appropriate inputs that should be 
considered. Using different inputs will result in different estimates which may bias conclu-
sions. Additionally, one needs to decide on the disaggregation level of inputs. At one extreme, 
a single measure of aggregate inputs might be used – such as the health spending example 
described above. This approach assumes that agents can choose freely their inputs, given such 
a spending cap. However, for some analyses, such an assumption is unrealistic. For instance, 
in a short-run efficiency analysis for hospitals, it may be better to specify inputs at a more 
disaggregate level – such as physicians, nurses, beds, operating rooms and so on.

A second challenge is the relation between inputs and outputs. In Figure 13.4, we have seen 
that, for a similar public health spending level, Slovenia achieved higher life expectancies than 
the Czech Republic. A crude efficiency analysis would then conclude that the Czech Republic 
has an inefficient health system. However, there are factors other than health resources that can 
contribute for better health outputs. Education, income or biological characteristics can affect 
health outcomes. Additionally, many other factors can explain health outcomes, such as health 
behaviours (smoking, alcohol consumption, drug use, obesity and so on). Such multiplicity of 
factors prevents the development of robust measures of comparative efficiency, as noted by 
McDaid et al. (2012). Moreover, Cylus et al. (2017) argue that health care is tailor made, with 
consequent variations in clinical needs, social circumstances and personal preferences – affect-
ing how inputs are consumed and outputs are produced.

A third challenge relates to the output choice. The relation between inputs, intermediate 
outputs and health outcomes is complex and multifaceted (Medeiros & Schwierz, 2015). As an 
example, hospital discharges are usually seen as outputs when in fact they are an intermediate 
output: health care activities do not necessarily have an immediate impact on improving health. 
Inputs and outputs differ in often inadequately measured dimensions such as in quantity and 
quality, or volume and value. Outputs tend to represent health outcomes, such as life expec-
tancy, healthy life expectancy or mortality rates. Depending on the level at which the analysis 
is being made, outputs may also represent volume of production, such as number of surgeries 
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or doctor appointments at a given hospital. In fact, research is usually constrained to examining 
efficiency based on outputs instead of on outcomes. Such measures are manifestly inadequate, 
as they fail to capture variations in the effectiveness and value of the health care provided. 
For micro-based analysis, progress is being made in the use of common international metrics, 
which will allow more solid comparisons. Patient-reported outcome measures (PROMs) and 
EQ-5D or SF-36 questionnaires are just some examples.

Finally, as highlighted by McDaid et al. (2012), a production functions approach typically 
does not account for other goals of the health system such as user satisfaction, equity or 
financial protection. When analysing public health spending one should also consider equity 
and unmet needs as relevant outputs. This is a significant limitation of current research.

The concept of a production function is broad and flexible. Such a framework can be used 
to assess very detailed micro-units (such as a physician’s office or hospitals) or macro-units 
(such as the entire health system and cross-country comparisons). Even if all factors mentioned 
above are accounted for, an important question remains: do all countries or units have the 
same production function? If some institutional features of some units or health systems 
prevent them from producing as much health as other systems, should this be considered as 
inefficiency? Can it be the case that some identified inefficiencies result from the fact that the 
actual production functions are not the same across units or countries?

Efficiency analyses are often made using descriptive statistics, with benchmark and peer 
group analysis. However, econometric models can also be used to perform a more robust 
analysis, controlling for some of the issues identified above. The most common methods are 
Stochastic Frontier Analysis (Aigner et al., 1977; Meeusen & van den Broeck, 1977) and Data 
Envelopment Analysis (Banker et al., 1984; Boussofiane et al., 1991; Charnes et al., 1978).

Stochastic frontier analysis, whose methods have been extensively developed, among others 
by Kumbhakar and Lovell (2000), allows us to estimate the production frontier with an error 
term that has two components – a random error and a strictly non-negative term, which cap-
tures inefficiency. Data envelopment analysis is a non-parametric method for the estimation of 
the production frontier using linear programming techniques – without assuming a particular 
functional form for the frontier. Jacobs et al. (2006) provide a set of applications of both these 
methods in the health sector.

Next, we provide some brief examples on the main methodologies that have been followed 
to assess efficiency in the health sector. We distinguish such studies between macro-analysis –  
usually focused on comparing countries and health systems – and micro-analysis – focused 
typically on a set of individual structures, for instance hospitals.

2.2 A Macro Perspective: Comparing Health System Efficiency

In the empirical literature, a large number of efficiency analyses have been published with 
the goal of providing rankings for health systems. However, the problems highlighted above 
prevent fair comparisons being made. Despite significant contributions, empirical studies still 
find significant challenges.

The World Health Report (2000) presents an extended efficiency analysis for over 190 
national health systems, based on an empirical estimate of the production function. This 
production function includes indicators for: overall health level, distribution of health, overall 
level of responsiveness, distribution of responsiveness and distribution of financial contribu-
tions. By including these five dimensions, the WHO report clearly recognizes goals for a health 
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system other than health outcomes. According to these estimates, France was considered to 
have the most efficient health system − achieving 99.4 per cent of its potential. Hollingsworth 
and Wildman (2003) used alternative parametric and non-parametric methods to re-estimate the 
WHO data. They found that different methods yielded different results. Using the same dataset, 
Green (2004) suggests that there was considerable heterogeneity masquerading as inefficiency.

Joumard et al. (2010) argue that efficiency is correlated with quality of care, even though 
the existing quality indicators still do not have sufficiently wide coverage to make solid cross-
country comparisons. Using DEA, they estimate that life expectancy at birth could be raised by 
more than two years, holding health care spending constant. OECD (2014) points to significant 
inefficiencies in the use of resources based on major geographical variations in medical 
practices across and within countries. Medeiros and Schwierz (2015) estimate EU health care 
system efficiency using different models, with different combinations of outputs and inputs – 
including controls for environmental factors. Their results are aligned with previous empirical 
research, suggesting that EU life expectancy at birth could be increased by 1.8 years.

Health system comparisons often ignore different public and private health spending mixes. 
However, such a mix is far from being consensual. A common discussion is whether private 
spending achieves higher efficiency levels than public spending. On the one hand, one can 
argue that private spending has stronger incentives for efficiency. On the other hand, such 
private spending does not account for market failures and can lead to a mismatch between 
profit maximizing and public health goals. Existing literature on efficiency between private 
and public provision of health care services shows inconclusive evidence: one cannot general-
ize which ownership model is best across countries or even within countries over time (Hsu, 
2010). Still, The European Commission and the EU’s Economic Policy Committee (2010), 
and the European Commission (2014) have suggested that inefficiencies in health care can be 
associated with a non-optimal mix between private and public funding.

Hsu (2010) summarizes the main evidence regarding public and private health spending. 
Hollingsworth (2008) conducted a meta-analysis of 317 published works on efficiency 
measures and concludes that ‘public provision may be potentially more efficient than private’. 
However, such a conclusion largely depends on the specific country and health system under 
analysis. For instance, Lee et al. (2009) determined that non-profit hospitals in the United 
States were more efficient than for-profit hospitals. In Taiwan, Chang et al. (2004) found 
the private sector to be more efficient than the public sector. In Germany, evidence is mixed, 
with authors finding that private hospitals are less efficient than public hospitals (Helmig & 
Lapsley, 2001), while others concluded the inverse or found no difference (Staat, 2006). In 
Switzerland, hospitals’ efficiency levels were not predisposed towards inefficiency by type of 
ownership (Steinnmann & Zweifel, 2003).

2.3 A Micro Perspective

Multiple studies have been developed at a micro-level, studying the relation between particular 
inputs in order to find optimal combinations which could foster efficiency. If the previous 
macro-studies are usually more focused on the concept of technical efficiency, the micro-
based studies often have information on input costs, which can be used to analyse allocative 
efficiency.

Jensen and Morrisey (1986a, 1986b) explore input substitution effects using flexible 
functional form production functions. They find strong substitution effects between nurses and 
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doctors. Such results were reinforced by the literature. Brown (1988) shows that office-based 
physicians under-utilize their assistants. Similar effects are identified in studies conducted on 
dental auxiliaries (Liang & Ogur, 1987), mental health professionals (Okunade & Murthy, 
2008) and even pharmacists (Okunade & Suraratdecha, 1998). Estimates suggest that one 
physician extender, for instance nurses or physicians’ aides, could substitute 25 per cent to 50 
per cent of a doctor’s services.

Other micro-based studies focus on assessing the relative efficiency of different hospitals 
within a certain country. There are unresolved debates about the magnitude of economies 
of scale and economies of scope in health services, particularly in the hospital sector – as 
described by Giancotti et al. (2017). Discussions are common regarding the existence of gains 
with vertical integration or relative to the optimal size of a hospital.

The introduction of Diagnosis-Related Groups (DRG), which allow us to classify and seg-
ment patient groups, have been an important step towards improving the reliability of health 
system comparison results. Such patient classification systems allow for a more detailed 
analysis, controlling for case-mix differences across hospitals. Cylus et al. (2016) provide 
examples that show that DRG systems can be used to assess hospital efficiency at different 
levels: at the macro-level to compare total hospital costs per case, while adjusting for case 
mix; at the meso-level to compare actual costs per DRG across different hospitals; and at the 
micro-level to compare a particular hospital cost structure against average costs of treatment 
in other hospitals.

3.  AN EFFICIENCY ANALYSIS FOR THE PUBLIC HEALTH SECTOR

This section illustrates some of the trade-offs mentioned above by conducting an efficiency 
analysis of public health spending for the same set of European countries. Variables were 
collected from the Health database from Eurostat and the World Health Organization (Eurostat, 
2020; WHO, 2020), with a full description available in the annex. Table 13.1 describes the 
main descriptive statistics for the variables included in the analysis.

We pursue two alternative analyses that complement each other. On the one hand, we 
estimate a cost function using longitudinal data. On the other hand, we estimate production 
functions using information for 2018. These two approaches allow us to deal with the limited 
and incomplete data challenge.

The production function analysis, as described above, focuses on explaining the production 
of a specific output, with a given set of inputs. The cost function estimation is an approach that 
looks to the same problem from a different perspective: it estimates the contribution of output 
(which is a function of inputs) and input prices to an expenditure variable.

As discussed before, one needs to analyse the impact of health spending on different 
outcomes. Five different outputs are considered in the 2018 cross-sectional analysis. However, 
due to data availability issues, only three outputs will be used for the panel estimation. The 
first outcome is life expectancy at age 65 to capture the goal of promoting longevity. Health 
spending also has the goal of promoting higher life quality. For that reason, the second output 
is healthy life expectancy at age 65. The third output is the potential years of life lost as an 
indicator of premature deaths. Finally, the last two outputs capture equity goals of health 
spending: unmet needs and catastrophic health expenditures.
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Unmet needs represent the share of the population unable to access the health system due to 
waiting times, financial constraints or distance/transportation restrictions. On the other hand, 
catastrophic health expenditures represent the share of the population that bears large health 
expenditures (greater than 10 per cent of total household income). Catastrophic expenditures 
can be seen as a proxy for the value of health protection, as the role of health insurance (private 
or public) is to protect individuals from negative health shocks (and the respective financial 
burden). The goal of the health system should be to attain high levels of life expectancy and 
healthy life years, while minimizing potential years of life lost, unmet needs and catastrophic 
expenditures.

To estimate the cost function, we pursue a fixed-effects panel approach using data from 
2008 to 2018 for a set of 28 countries. A stochastic frontier model estimation was used, with 
time-invariant inefficiency. On this estimation, the dependent variable is health expenditure. 
We consider three different models. The first uses total health expenditure as a dependent 
variable. The second model uses only public health expenditure (direct government financing 
schemes). The third model uses the remaining health expenditure.

The independent variables on the cost function are the relevant outputs, input prices and 
other control variables. In this analysis we have included three out of the five outputs described 
above – due to data availability constraints. We assume that input prices have not changed 
significantly over time. Thus, these were not included in the estimation since their effect is 
captured by the fixed-effects term. The same holds for the set of time-invariant characteristics 
that could affect the health system cost (such as the type of health system or population charac-

Table 13.1  Key variables descriptive statistics (average across countries for 2018 or 
closest year)

Variable Units Mean
Standard 
Deviation Minimum Maximum

Life expectancy at 65 Years 19.48 1.56 16.20 21.90

Healthy life expectancy at 65 Years 9.32 3.10 4.40 15.70

Unmet health care needs % of population 25.26 9.55 9.40 41.80

Potential years of life lost per 100k pop (<70yr) 3,820 1,419 2,425 7,329

Catastrophic health spending % of population 7.96 5.27 1.42 18.38

Public health spending PPS per inhabitant 1076.94 1124.27 38.89 3852.59

Other health spending PPS per inhabitant 1536.36 1025.61 517.47 4.028,6

Government balance % of GDP −0.25 1.65 −3.70 3.10

Risk of poverty % of population 21.37 5.53 12.20 32.80

Low education levels % of population 23.78 9.14 11.70 49.80

Obesity % of population 16.31 3.23 9.10 25.20

Low fruit and vegetable 
intake

% of population 35.87 10.64 16.10 65.10

Daily smokers % of population 19.64 4.94 9.80 28.20
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teristics). Additionally, we introduce the share of out-of-pocket payments in lagged total health 
expenditure as a proxy for financial protection. Table 13.2 shows our main model estimates.

Results suggest that changes in longevity or life quality do not significantly affect health 
expenditure (neither public nor private). However, there is a significant impact from the 
Potential Years of Life Lost on all types of health spending. In fact, estimates suggest that 
lower levels of premature mortality are associated with higher levels of health spending. Such 
an effect is particularly strong in public health expenditure compared to other health spending. 
These results reinforce the importance of health systems in reducing premature mortality.

A cross-sectional production function approach was also performed to complement the 
previous analysis. This approach uses 2018 data (or closest available year) for the same set of 
28 countries. Full estimation results are available in the Appendix.

This estimation was done by fitting a stochastic frontier model with a normal/half-normal 
distribution for each of the five different outcomes. In this production function approach the 
dependent variable is each outcome.

Independent variables represent inputs that contribute to the production of such an output. In 
fact, this set of outcomes can be explained by multiple factors. We are particularly interested 
in analysing the role of health spending – which will be divided into four groups of health 
spending. We are considering health spending as monetary inputs to the production of each 
outcome considered.

Because different health systems are organized in different ways, interaction dummy vari-
ables are introduced to capture the role of public health spending in different health systems 
and different organizations. We classify health systems into four different groups6 according 
to the OECD classification and Health Systems in Transition information (Bohm et al., 2012).

The government balance is also introduced as an indicator for fiscal space. Large govern-
ment deficits might prevent significant increases in public health spending, while government 
surplus might allow such an increase. Additionally, a set of control variables is included as they 

Table 13.2  Stochastic frontier estimates for cost functions (panel data analysis for 
2008−18 data)

 

(1) 
Total health 
expenditure

(2) 
Public health 
expenditure

(3) 
Other health 
expenditure

Life expectancy at age 65 0.5582 −1.0536 0.1367
 (0.4502) (1.2707) (0.4774)
Healthy life expectancy at age 65 −0.0080 −0.1822 −0.0030
 (0.0512) (0.1446) (0.0548)
Potential Years of Life Lost −0.7183*** −1.1052*** −0.6496***
 (0.1028) (0.2909) (0.1113)
Share of OOP on lagged total health 
expenditure 0.1354 0.3302 0.5949***
 (0.1183) (0.3125) (0.1100)

Notes: *,**, *** indicate significance at 10 per cent, 5 per cent and 1 per cent level, respectively. Standard errors 
in parentheses. Variables in logarithms. Twenty-eight countries included. Time-invariant inefficiency.
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are likely to affect outcomes. If two countries have the same health system, but the population 
of one country has a high smoking prevalence, one should expect life expectancy to be lower 
in that country (Fuchs, 1974). Some controls have been dropped due to data availability and 
collinearity issues.7 The final model specification includes the proportion of people at risk of 
poverty, with low education levels, with obesity, without daily fruit or vegetable consumption 
and the share of daily smokers in the population.

The inclusion and availability of additional variables is an advantage relative to the cost 
estimation. However, results should be taken with a grain of salt since this cross-sectional 
analysis has a very low number of observations. This prevents very precise estimates. Still, 
some conclusions can be derived.

Results suggest that public health spending is associated with improvements in longev-
ity and life quality, and with declining premature mortality. Interestingly, countries with 
National Health Services are associated with significant and large reductions in catastrophic 
expenditures and unmet needs. This suggests that these systems (usually financed through 
public health spending) have an important impact in terms of promoting access and providing 
financial protection for negative health shocks.

It is interesting to notice the role of voluntary insurance in countries with a National Health 
Service. Results suggest that such voluntary financing schemes play a role in improving 
longevity and reducing premature mortality. However, they reinforce unmet needs and 
catastrophic expenditures.

We also find that the inclusion of the government balance as an explanatory factor is only 
relevant for countries with a National Health Service. For these countries, higher surpluses 
(which may signal tighter control of public spending) are associated with higher levels of 
unmet needs and catastrophic expenditures.

Socio-economic factors also play a role in these outcomes. Higher levels of poverty in the 
population are associated with higher levels of potential years of life lost, catastrophic health 
expenditures and unmet needs. Moreover, less educated individuals are associated with higher 
levels of potential years of life lost and unmet needs.

Health behaviour variables are also usually aligned with common intuition. Low consump-
tion of fruits and vegetables impacts life expectancy negatively, while increasing potential 
years of life lost. Nonetheless, positive effects are found on unmet needs and catastrophic 
health expenditures. Populations with more obese individuals are also likely to have higher 
catastrophic expenditures, and lower levels of unmet needs.

Besides analysing the relation between inputs and outputs in the production functions, 
stochastic frontier models allow us to comment on the relative efficiency of different countries. 
The model predicts the distance from each country relative to the efficient benchmark (the 
production frontier). Our cross-sectional model has several limitations – mainly related with 
data availability and a small number of observations. Nonetheless, one can derive some 
conclusions relative to inefficiency.

Table 13.3 displays average inefficiency scores for all countries for each of the five differ-
ent models estimated. Overall, estimates suggest relatively small inefficiencies. On average, 
countries are close to their production frontier. However, models for unmet health care needs 
and catastrophic health spending display higher inefficiency scores relative to the remaining 
models. Such a pattern suggests inefficiencies in the way health systems deliver financial 
protection and ensure access to their populations. Thus, access and financial constraints seem 
to be more relevant than health outcomes to explain health system inefficiency.
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Table 13.3  Average technical inefficiency estimates (stochastic frontier for production 
functions: cross-sectional 2018 data)

Model (dependent variable) Average technical inefficiency

Life expectancy at 65 3%

Healthy life expectancy at 65 5%

Unmet health care needs 10%

Potential years of life lost 6%

Catastrophic health spending 12%

Different countries have different efficiency scores for each variable, with no systematic 
pattern displayed. However, we can identify countries which, on average, have higher inef-
ficiency scores for these five outputs. According to this model, the top five countries displaying 
higher inefficiencies are Latvia, Greece, Netherlands, Slovakia and Slovenia. Similarly, it is 
possible to identify countries with low inefficiency scores. The top five countries with the most 
efficient health systems are Belgium, Bulgaria, Poland, Hungary and Romania.

Interestingly, no particular health system is associated with higher or lower inefficiencies. 
In fact, both groups of countries (more and less efficient) have Eastern European countries and 
similar health systems. With few exceptions, all countries in both groups have health systems 
financed on a societal basis with private or societal provision. Thus, no specific pattern is 
associated with having higher or lower inefficiency scores. Results suggest that different health 
systems can be equally efficient in the production of health. Drivers for efficiency might be 
related to specific mechanisms within each health system, which are not easily identified or 
observed on these macro comparisons.

4.  CONCLUSIONS

Health spending has increased over time in developed economies. In the context of low levels 
of economic growth and fragile public finances, there are concerns regarding the growth limit 
for public health spending. Therefore, the quest for efficiency in the health sector remains a 
major priority for governments.

However, efficiency in the health sector, and particularly within public spending, is very 
hard to define. In fact, the health system has multiple goals. Additionally, different types of 
health spending contribute differently to attaining each of those goals.

Research on health spending efficiency has been discussed, both from macro- and micro-
economic perspectives. Efficiency analysis is often conducted within a production function 
approach. Still, there are questions that remain unanswered: for instance, researchers struggle 
to determine which inputs and outputs to analyse. Different choices lead to completely dif-
ferent conclusions. Additionally, production function approaches typically do not account for 
other goals of the health system such as user satisfaction, equity or financial protection.

In this chapter we perform an efficiency analysis using both cost and production function 
estimations. With our estimations we highlight that health spending sources contribute differ-
ently to the numerous health system goals. Results suggest that public health spending has a 
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role in promoting access and providing financial protection to the population. Nonetheless, 
other forms of health spending also contribute to the general goals of the health system.

When defining measures to improve efficiency of public health spending, governments 
should not ignore the contribution of such expenditure to attaining some of the goals of the 
health system. This seems particularly relevant in National Health Service settings.

Further research is required to better understand the connection between the types of 
spending and the organization of health systems. Also, there are complement and substitution 
effects between the different sources of health spending which might be interesting to explore.



308  Handbook on public sector efficiency

APPENDIX

Table 13.4 Variables description

Variable Definition Units
Life expectancy at 65 Life expectancy at age 65 Years
Healthy life 
expectancy at 65 Healthy life expectancy at age 65 Years

Potential years of life 
lost

Per 100 000 age-standardized population under 
age 70 Years per 100 000

Unmet health care 
needs

Proportion of self-reported unmet needs for health 
care (Financial reasons, distance or transportation, 
waiting list)

%

Catastrophic health 
expenditures

Population with household expenditures on health 
greater than 10% of total household income %

Public health spending Health expenditure from compulsory government 
financing schemes PPS per inhabitant

Other health spending
Total current health expenditure net of health 
expenditure from compulsory government 
financing schemes

PPS per inhabitant

Poverty Proportion of population at risk of poverty or 
social exclusion %

Low education levels
Proportion of people with education level lower 
than primary and lower secondary education 
(levels 0−2)

%

Obesity Proportion of obese people according to reported 
BMI %

Low fruit &  
vegetable intake

Proportion of people that do not consume daily 
fruit and vegetables %

Daily smokers Proportion of daily smokers in the population %
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Table 13.5  Stochastic frontier estimates for production function (2018 or closest  
available year)

 (1) 
Life 

expectancy  
at age 65

(2) 
Healthy life 
expectancy 
at age 65

(3) 
Potential 

years of life 
lost

(4) 
Unmet health 

care needs

(5) 
Catastrophic 

Health 
Expenditures

Compulsory public 
insurance 0.0544** 0.1579* −0.0995* 0.4501*** 0.4564***

 (0.0228) (0.0816) (0.0586) (0.0777) (0.0790)
Compulsory 
private insurance 0.0348* −0.0741 −0.0299 0.2278*** 0.3857***

 (0.0188) (0.0681) (0.0489) (1.3377) (0.0870)
Voluntary 
insurance x NHS 0.7965** −0.9626 −2.4816*** 4.5521*** 6.5758***

 (0.3309) (1.2576) (0.9320) (1.3377) (1.2516)
Voluntary 
insurance x Other 0.0137 0.2255*** 0.0133 −0.1528** −0.8459***

 (0.0200) (0.0761) (0.0549) (0.2683) (0.1325)
Out-of-pocket 
payments −0.1951** −0.0656 0.2730 −1.5243*** −0.1821*

 (0.0847) (0.2753) (0.1960) (0.2683) (0.1008)
Government 
Balance x NHS 0.0893* −0.1690 −0.0264 0.9212*** 0.9749***

 (0.0512) (0.1803) (0.1301) (0.1855) (0.1064)
Government 
Balance x other 
systems 0.0042 −0.0134 −0.0880 0.0020 −0.0238

 (0.0087) (0.0275) (0.0181) (0.0227) (0.0294)

NHS −3.874** 4.4576 13.3709*** −22.3682*** −31.9993***

 (1.6544) (6.3396) (4.7031) (6.6893) (6.5528)

NHI −0.2847*** −0.3735 0.1623 −1.7238*** −0.8132***

 (0.0980) (0.3198) (0.2255) (0.3183) (0.2361)

SHI 0.0072 −0.2075 −0.1656 −0.0060 1.5613***

 (0.0574) (0.1992) (0.1350) (0.2333) (0.2228)
Public insurance x 
NHS 0.0002** 0.0005 −0.0008*** 0.0007** −0.0017***

 (0.0001) (0.0003) (0.0002) (0.0003) (0.0004)
Public insurance 
x NHI 0.0002** −0.0001 −0.0002 0.0011*** 0.0010***

 (0.0001) (0.0003) (0.0002) (0.0003) (0.0002)

(Continued )
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 (1) 
Life 

expectancy  
at age 65

(2) 
Healthy life 
expectancy 
at age 65

(3) 
Potential 

years of life 
lost

(4) 
Unmet health 

care needs

(5) 
Catastrophic 

Health 
Expenditures

Public insurance 
x SHI 0.0005 0.0019 −0.0002 0.0048*** −0.0084***

 (0.0004) (0.0012) (0.0008) (0.0013) (0.0009)

Poverty 0.0739 0.2316 0.5887*** 1.2626*** 1.6751***

 (0.0553) (0.1885) (0.1326) (0.1637) (0.3100)
Low education 
levels −0.0020 −0.0689 −0.5430*** −0.2677** 0.4590

 (0.0557) (0.1692) (0.1107) (0.1342) (0.3064)

Obesity −0.3225** −0.3456 0.3000 −0.6879** 0.8928***

 (0.1407) (0.3941) (0.2546) (0.3320) (0.2259)
Low fruit & 
vegetable intake −0.1651** 0.2928 0.3289** −1.2307*** −1.0323***

 (0.0649) (0.2023) (0.1383) (0.2000) (0.1820)
Tobacco 
consumption 0.2664** 0.0490 −0.2817 1.3607*** 0.1235

 (0.1299) (0.4415) (0.3204) (0.4781) (0.1820)

Notes: *,**, *** indicate significance at 10 per cent, 5 per cent and 1 per cent level, respectively. Standard errors 
in parentheses. Normal/Half-normal distribution. Variables in logarithms. Twenty-eight countries included in 
models (1) – (3). Twenty six included in models (4) – (5) due to data availability. NHS – National Health Service, 
NHI – National Health Insurance, SHI – Social Health Insurance (Baseline group: Estatic Social Health Insurance.

NOTES

1. Countries included: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, 
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, 
Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, United Kingdom.

2. Countries included: Australia, Austria, Belgium, Chile, Czech Republic, Denmark, Estonia, Finland, France, 
Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea, Latvia, Lithuania, Luxembourg, Nether-
lands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, United Kingdom, United States.

3. Life expectancy at age 65 is preferred to life expectancy at birth as it is an indicator more related with the health 
system.

4. Number of remaining years that a person at age 65 is expected to live without any health problems.
5. Measures premature mortality, giving more weight to deaths among younger people. It estimates the average years 

a person would have lived if she/he had not died prematurely (defined as before age 70).
6.  Systems financed and regulated by the State: National Health Service (state provision), National Health Insur-

ance (private provision), Systems financed on a Societal basis: Social Health Insurance (private provision) and 
Estatic Health Insurance (private or societal provision − baseline group against which the other system will be 
compared).

7. Full details can be provided by the authors upon request.

Table 13.5 (Continued)
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14.  Evaluating the efficiency of social protection 
spending

 David Coady and Samir Jahan1

1.  INTRODUCTION

Social protection systems play a crucial role in protecting households from income shocks and 
poverty and in achieving distributional objectives. These systems include both social insurance 
and social assistance programs. Social insurance programs, such as unemployment benefits, 
protect workers from loss of income due to unemployment.2 Social assistance transfers protect 
households from poverty or low income and tend to be categorical (such as universal child 
benefits) or means tested (such as Guaranteed Minimum Income programs). Evaluation of 
social protection spending needs to examine both whether spending levels are adequate and 
spending design efficient. Countries can fail to achieve social objectives either because spend-
ing is inadequate or it is inefficient, or some combination of both.

This chapter focuses primarily on the efficiency of social protection spending. As for 
any component of public spending, the efficiency of social protection spending needs to be 
evaluated in terms of some clearly specified social objectives that it is meant to achieve. In the 
context of social protection spending, these social objectives are typically expressed in terms 
of reducing income poverty or income inequality. Social protection systems are essentially a 
way of transferring income from higher-income groups to lower-income groups (the ‘poor’) 
to make the distribution of disposable incomes (that is, income after direct taxes and transfers) 
less unequal than the distribution of market incomes (that is, income before direct taxes and 
transfers). Empirical evaluations of the efficiency of social protection spending also need to 
allow for the fact that other factors can independently affect poverty and inequality, such as 
the overall level of national income, the degree of monopoly or monopsony power in product 
or factor markets, the distribution of education outcomes and other factors that affect the 
distribution of market incomes.

The primary objective of the chapter is to review the conceptual and empirical issues that 
need to be addressed when evaluating the efficiency of social protection spending—henceforth 
we simply refer to these as ‘spending’ and ‘spending efficiency.’ It is not intended to be a review 
of the empirical literature, which is vast and beyond the scope of the chapter.3 Reflecting this, 
the empirical analysis presented is intended solely as illustrative of these conceptual and 
empirical issues. This analysis also provides a basis for determining how one should move 
from an empirical analysis of spending efficiency to discussing policy implications. The 
chapter also focuses on spending as opposed to the taxes used to finance it. While the tax side 
can also have important distributional implications, existing empirical analyses consistently 
find that the bulk of the impact on poverty and inequality comes from the spending side of the 
fiscal equation (Clements et al., 2015).

The format of the chapter is as follows. Section 2 sets out a conceptual framework for the 
analysis of spending efficiency. Section 3 identifies other costs policy makers need to consider 
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when designing transfer schemes and which may require trade-offs with spending efficiency. 
Using publicly available data for European countries, Section 4 shows how the conceptual 
framework can be applied in practice to evaluate spending efficiency. Section 5 discusses 
how the results from empirical analysis can be used to inform policy choices for enhancing 
spending efficiency. Section 6 concludes.

2.  CONCEPTUAL FRAMEWORK

The primary objective of social protection spending is to reduce current income poverty 
or income inequality.4 This is achieved through transferring income from higher-income to 
lower-income (‘poor’) households.5 Spending inefficiency therefore arises when the impact 
of spending on poverty is lower than what could be achieved via the most efficient allocation 
of a given spending envelope.6 Below, we start by first developing the concept of spending 
efficiency within a simple poverty alleviation framework. We then show how this approach 
can be captured as a special case in a more general social welfare framework and discuss how 
this approach can be easily mapped to the widely used approach based on inequality impacts.

2.1 Imperfect Targeting

In general, for a given spending envelope (or transfer budget, B), the actual impact on poverty 
(P) can be written as:

  dP ≡ λ.B  (14.1)

where λ can be interpreted as a measure of spending efficiency, that is, the poverty impact per 
unit of the budget reflecting how the budget is allocated across households. This measure of 
spending efficiency can be compared to different benchmarks, ranging from the maximum 
efficiency that could be achieved with a given budget7 to observed efficiency levels in other 
countries with similar spending levels.

The source of targeting inefficiency can be seen from examining the perfect (first-best) 
transfer outcome while abstracting from household labor supply responses.8 In the presence 
of a budget constraint, an ability to channel (or ‘target’) transfers to ‘poor’ (or lower-income) 
households will result in a greater decrease in poverty (and inequality). For instance, suppose we 
have a fixed transfer budget that is just sufficient to eliminate poverty, and perfect information on 
actual household income before any transfers (that is, ‘original income,’ for now assumed fixed). 
Income after transfers is ‘final income.’ Maximum and minimum household incomes are ymax 
and ymin, respectively, and z is the poverty line (Figure 14.1). The line dymin shows that, before 
the transfer program is in place, households’ final incomes are equal to their original incomes.

The perfect transfer scheme is one that gives a transfer to all poor households only (that is, 
those with income less than z), with transfer levels equal to their individual ‘poverty gaps’ given 
by the distance between their original income and the poverty line za.9 This transfer program 
brings all poor households up to the poverty line and all non-poor households have equal final 
and original incomes. The poverty budget is thus represented by the area zaymin and this is also 
the minimum budget required to eliminate poverty. With reference to (14.1) above, for this trans-
fer scheme, spending efficiency equals unity (λ = 1) since the poverty impact (dP) equals the 
total poverty gap (that is, poverty is eliminated) and the budget B also equals the poverty gap.10
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Source: Based on Besley and Kanbur (1993).

Figure 14.1 Benefits of perfect means-tested targeting

Now, consider the case of a uniform (non-targeted) transfer program. This gives a 
uniform transfer t (= c – ymin) to all households, both poor and non-poor. Because of the 
‘leakage’ of transfers to non-poor households, the transfers to poor households are no 
longer sufficient to eliminate all poverty. There are two forms of ‘inefficiency’ associated 
with this uniform transfer: (i) non-poor households receive a transfer, and (ii) some poor 
households (those in the line interval ba) receive transfers greater than their poverty gaps. 
As a result, with a fixed budget, the poorest households receive lower transfers and remain 
poor so that the poverty impact of the uniform transfer scheme is less than that of the 
perfect transfer scheme; less by the area zcb. The total ‘leakage’ of the budget (reflecting 
the two sources of inefficiency identified above) is given by the area bade, which for a 
fixed budget must also equal the area zcb representing the level of poverty after the uniform 
transfer program. Therefore, imperfect targeting (or the presence of ‘targeting errors’11) 
results in a lower poverty impact for a given budget. In terms of (14.1) above, the reduction 
in the poverty gap (dP) will be less than the budget (B) so that spending efficiency is less 
than unity (λ<1).

2.2 Social Welfare

The above focus on poverty can be interpreted as a special case within a more general social 
welfare framework. Consider an economy with two groups; households and the government. 
Abstracting from behavioral responses,12 let y0 be household market income (that is, income 
before direct taxes and transfers) and y1 be household income after direct income transfers) 
so that:

 y1 = y0 + m (14.2)
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where m denotes transfers. Let social welfare be described by a standard Bergson-Samuelson 
function of household welfare:

 p… …( , ( , ), )W V yh h  (14.3)

where Vh(.) is the indirect utility function of household h and p is a vector of commodity and 
factor prices facing the household (henceforth assumed fixed). The social welfare impact of a 
given transfer program with dyh = dmh is:

 d∑∑ β= ∂
∂

∂
∂

=dW W
V

V
m
dm m

h

h

h
h h h

h
  (14.4)

where βh is the social valuation of extra income to household h, the so-called social ‘welfare 
weight.’ Let the total transfer budget equal = Σ dmh

hB  so that (14.4) can be rewritten as:

 
∑
∑ ∑ λ=

β
= β θ =dw

dm
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B B .

h h

h
h

h

h h

h
B   (14.5)

where  θh is the share of the total budget received by household h  and  λ  is  the  so-called 
distributional characteristic capturing the social welfare impact of a unit transfer delivered 
through the program (Diamond, 1975; Coady and Skoufias, 2004), which can be interpreted 
as an indicator of spending efficiency (or transfer progressivity). The greater the proportion of 
the budget ending up in the hands of lower-income households (that is, those with relatively 
high βh),  the higher the distributional characteristic and thus spending efficiency. Clearly λ 
can differ across transfer programs when welfare weights differ across households and the 
distribution of transfers differs across programs. Note also that the distributional characteristic 
is scale neutral in that it does not change in response to a scaling up or down of transfer levels.
The calculation of λ requires specifying social welfare weights. A very useful and common 

method for specifying these derives from Atkinson’s (1970) constant elasticity social welfare 
function with the (relative) welfare weight of household h calculated as:

 β =










ε

h y
y
k

h

  (14.6)

where k is a reference income level (for example, mean income) and ε captures one’s ‘aversion 
to inequality’ with this aversion increasing in ε.13 For example, a value of ε = 0 implies no 
aversion to inequality (that is, a dollar is a dollar no matter to whom it accrues) so that all 
welfare weights take on the value unity. A value of ε = 1 implies that if household h has twice 
(half) the income of household k then its welfare weight is 0.5 (2.0) as opposed to unity for k. 
A value of ε = 2 similarly implies a welfare weight of 0.25 (4.0) for h. In practice, it is common 
to use ε = 1 as a reference (Chetty, 2006; Atkinson and Brandolini, 2010).

The poverty framework outlined earlier can be interpreted as a special case of this more 
general social welfare framework. For instance, if we set the welfare weights for poor 
households (for example, those in the bottom three income deciles) equal to unity and zero 
otherwise, then λ will become the share of transfers accruing to the poorest three deciles of the 
population, a measure of spending efficiency. If all transfers accrue to these poor households 
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(that is, no leakage to the non-poor) then the perfect (or first-best) transfer program will attain 
the maximum level of spending efficiency with λ = 1.

To compare the efficiency of spending and the overall welfare impact of transfers across 
countries, we can write the total welfare impact of a transfer program in country j (dWj) with 
budget Bj as:

 λ= ⋅dW Bj j j   (14.7)

This can be usefully rewritten in percentage terms as:

 λ λ τ= ⋅ = ⋅
dW
Y

B
Y

j

j
j

j

j
j j   (14.8)

where Yj is total national income and τj is the ratio of the transfer budget to total income. The 
percentage increase in welfare due to the transfer program in country j can then be compared 
to the increase for another country, and these differences can be decomposed into an efficiency 
component (λj) and an adequacy component (τj). In the illustrative empirical application below, 
we will discuss these components separately and their combined impact.14

It is useful to note that spending efficiency is simply a weighted average of social welfare 
weights  βh with  θh, the share of transfers accruing to household h, as weights. Therefore, 
efficiency can be higher in one country compared to another because: (i) the share of transfers 
going to lower-income households with relatively high welfare weights is greater, or (ii) 
pre-transfer market income inequality is higher so that the relative welfare weight of lower-
income households is higher and there is thus a greater social return to targeting lower-income 
households (Coady et al., 2021). If two countries have the exact same targeting outcomes 
(for example, the same share of transfers accruing to each income decile) then the country 
with higher market income inequality will show up as having higher efficiency. It is therefore 
important to clarify the respective roles of each of these factors in determining differences in 
spending efficiency across countries. One way of doing this is to compare the results for differ-
ent formulations of welfare weights, one where welfare weights are continuous and dependent 
on the initial distribution of relative incomes (such as in the case of Atkinson’s social welfare 
weights) and another where welfare weights do not depend on initial relative income levels, for 
example, the poverty-based welfare weights discussed above where the bottom three deciles 
have a welfare weight of one while higher-income deciles have welfare weights set at zero.15

2.3 Inequality

The literature on fiscal redistribution has traditionally been anchored in the literature on 
income inequality. Typically, the Gini coefficient for income after taxes and transfers (that 
is, disposable income) has been compared to that before taxes and transfers (that is, market 
income) to determine the extent of fiscal redistribution. This latter approach can be motivated 
by the social welfare framework used above as follows (Deaton, 1997).

Consistent with (14.3) above, let social welfare, W, be described by a function of individual 
incomes yi as:

  W = V(y1, y2,. . .…. . . ., yN) (14.9)
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where N is the number of individuals in the population, V(.) is Paretian so that it is increasing 
in individual incomes and W satisfies the principle of transfers which requires that:

  for > <dW
dy

dW
dy

y y
i j

i j  (14.10)

with social welfare weights decreasing with individual incomes. To relate this social welfare 
framework to the income inequality framework it is useful to choose a social welfare function 
that has social welfare measures in the same units as individual welfare (that is, income) so 
that a proportional change in incomes for everyone leads to an equal proportional change 
in social welfare. This will be the case if V(.) is homogenous of degree one or can be thus 
transformed by a monotone increasing transformation. In such a case, social welfare can be 
written as:

 ……µ
µ µ µ

=








, , ,1 2W V

y y yN  (14.11)

where μ is mean income in the population, and V(1,1,. . . . .,1) = 1 so that social welfare 
equals mean income when income is distributed equally with everyone having mean 
income. Since, by the principle of transfers, social welfare reaches a maximum equal to 
mean income, social welfare will be less than mean income when the income distribution 
is unequally distributed.

The above welfare function can then be rewritten as:

  W = μ (1 – I)  (14.12)

where (1 – I) is a scalar version of V(.) and I represents a measure of income inequality rang-
ing from zero to unity (such as the Gini coefficient or Atkinson index).16 In this case, I can 
be interpreted as the social welfare cost of inequality, that is, the loss in social welfare due to 
incomes being unequally distributed. Thus, any inequality index can be interpreted within a 
social welfare framework and, if it satisfies the principle of transfers, will be consistent with 
the welfare framework set out above. It should be noted that any such inequality index will 
have an implicit set of social welfare weights, for example, the Gini coefficient has an implicit 
set of welfare weights that depends on household rankings (Deaton and Muellbauer, 1983; 
Coady et al., 2021).

3.  OTHER TARGETING COSTS

The above conceptual framework for understanding spending efficiency provides a starting 
point for informing real life choices made by policy makers wishing to address poverty and 
inequality through social protection spending. However, in practice, the appropriate level of 
efficiency will reflect not only social preferences (for example, as expressed in social welfare 
weights) but also the range of policy instruments available to policy makers. The latter in 
turn reflect the costs (real or perceived) they face in implementing these alternative policy 
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instruments and how policy makers balance these costs against the benefits from achieving 
greater transfer progressivity (that is, spending efficiency). These costs include:

• Moral hazard costs: The means testing of benefits to avoid leakage of any transfers 
to non-poor households, which is inherent in the perfect targeting outcome, creates 
an extreme moral hazard since the withdrawal of benefits as other household income 
increases introduces a very strong work disincentive for both the poor and non-poor 
(essentially a 100 percent marginal tax rate). This can result in lower earnings income 
and higher transfers without a corresponding decrease in income poverty. Therefore, 
in terms of (14.1) above, since in the presence of moral hazard transfers increase 
without a one-for-one decrease in the poverty gap, spending efficiency will again be 
below unity (λ<1) when moral hazard is accounted for. The theory of optimal income 
taxation demonstrates that the optimal balancing of targeting and moral hazard costs 
requires less than full withdrawal of benefits (Mirrlees, 1971; Piketty and Saez, 
2013).17

• Administrative costs: Many countries do not have the capacity to implement the 
sophisticated non-linear means-tested transfer schemes assumed in the optimal income 
tax literature, which requires collecting and verifying information on individual and 
household incomes. This can be especially burdensome in low-income settings, reflect-
ing low administrative capacity, a large ‘informal’ sector constituting small-scale and 
self-employment activities, individuals with multiple and volatile sources of income 
(including in-kind income) and poor or non-existent bookkeeping.18

• Private costs: The costs of individuals acquiring sufficient capacity to comply with 
(or understand) benefit eligibility rules may be deemed undesirable or prohibitive. 
Households can also incur private costs involved in taking up transfers. For example, 
workfare programs involve households incurring an opportunity cost in terms of 
forgone income opportunities. Queuing involves similar, though usually much smaller, 
opportunity costs. Households may also face monetary costs for obtaining certifications 
required for the program (for example, a national identity card, and proof of residency 
or disability) and for transportation to and from program offices.

• Political costs: It is often argued that excluding the middle classes may remove broad-
based support for transfer programs and make them unsustainable if voter support 
determines the budget and is in turn determined by whether the voter benefits directly 
from the program. Reflecting this constraint, policy makers may place a higher weight 
on transfers to middle-income households than otherwise. On the other hand, depending 
on the country and political context, efficient targeting to ensure that only those in need 
receive benefits may actually increase political support from those who support it based 
on its indirect benefits to them of reducing poverty (such as a feeling of social justice, 
increased political and social stability or lower taxes).

• Social costs: These costs may arise when the targeting of poor households involves 
publicly identifying households as poor, which may carry with it a social stigma. If 
the poorest households do not take up the transfer as a result, then this decreases the 
effectiveness of the program at getting transfers into the hands of the poorest. Such 
issues obviously take on additional importance when one appeals to concepts of poverty 
such as ‘capabilities’ (Sen, 1988). Targeting errors, that is, excluding some poor and 
including some non-poor, can also create social tensions within communities.
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4.  EMPIRICAL ANALYSIS

The above provides a transparent and practicable conceptual framework for undertaking an 
empirical analysis of the efficiency of social protection spending. Such an analysis should start 
by identifying the social outcomes of primary interest against which social protection spending 
can be evaluated. As indicated earlier, these include both measures of income poverty and 
income inequality. The analysis below is intended to illustrate how such an evaluation can be 
developed for advanced countries using data for European countries from Euromod, which are 
based on microsimulation studies informed by household survey and administrative data. We 
also discuss how the approach set out in this paper corresponds to the approach commonly used 
to evaluate public spending inefficiencies more generally, namely, the use of stochastic frontier 
regressions. We argue that, in the context of social protection spending, the latter do not appear 
to provide a useful empirical approach to evaluating spending efficiency; essentially, they only 
appear to work well when one has access to data typically generated through microsimulation 
studies, in which case they are effectively redundant.

The analysis is based on databases available on the Euromod website. These databases 
provide information on direct taxes and transfers for 28 EU countries broken down by income 
deciles (see Appendix Table 14.1 for an example of the data available). Together with data on 
average decile per capita incomes, this information is sufficient to calculate the parameters of 
interest. We focus on data for 2016, which is the most recent year available. Benefits include 
social insurance (for example, pensions) and social assistance cash transfers (means tested 
and not means tested), while taxes include social contributions (or payroll taxes) and personal 
income taxes. To illustrate the application of the above conceptual framework for evaluating 
spending efficiency, we focus only on social assistance transfers.

Figure 14.2 presents the poverty and social welfare impact of transfers based on (14.8) 
above. The results are based on two sets of social welfare weights. First, welfare weights are 
set equal to one for the poorest three income deciles (the ‘poor’) so that λ becomes the share of 
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Figure 14.2 Poverty and welfare impacts of transfers in European countries, 2016
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transfers accruing to the poor and the social welfare impact becomes the share of total national 
income accruing to the poor. We refer to this simulation as the ‘poverty’ impact. Second, 
welfare weights are calculated as the ratio of each decile’s mean income to the mean income of 
the bottom decile. Therefore, λ will increase with the share of transfers accruing to the bottom 
deciles and will reach a maximum of λ = 1 when all transfers accrue to the poorest decile. We 
refer to this simulation as the ‘welfare’ impact.

The results show substantial variation in the poverty and welfare impacts across countries. 
However, the correlation between both impacts is very high, with a total explained variation 
of 82 percent and most of the ranking changes being between countries with similar levels 
of impact.19 Among the biggest re-rankings are Croatia, Germany and Denmark, which do 
relatively well in terms of poverty impact but less well in terms of welfare impact. Since both 
poverty and welfare impacts reflect the product of spending efficiency and spending adequacy, 
and adequacy is fixed for a given country, these re-rankings reflect the difference between 
efficiency measures across the poverty and welfare impacts.

Figure 14.3 plots spending efficiency and adequacy against each other for both impacts. 
In general, the correlation between spending adequacy and spending efficiency is quite weak 
across both impacts. Some countries combine high adequacy with high efficiency, resulting 
in high overall poverty and welfare impacts (Luxembourg, Ireland and Netherlands). Other 
countries combine low adequacy with low efficiency resulting in low overall impacts (Latvia, 
Lithuania, Bulgaria and Italy). In other countries, low adequacy is offset by high efficiency 
(Malta, Slovakia, Czech Republic and Greece), while others have the opposite (Slovenia, 
Cyprus and Estonia).

For both poverty and welfare impacts there is substantial variation in spending efficiency 
across countries (Figure 14.4). Overall, there is a strong correlation between poverty and 
welfare spending efficiency with countries having relatively high (low) poverty efficiency 
also tending to have relatively high (low) welfare efficiency (Figure 14.4). High efficiency 
countries under both measures include Luxembourg, Malta, Netherlands, France and Slovakia, 
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Figure 14.3 Spending efficiency and adequacy for European countries, 2016



322  Handbook on public sector efficiency

while low efficiency countries include Estonia, Latvia, Bulgaria and Italy. The cases of 
Denmark and Hungary are instructive. While both are in the middle of the distribution for 
poverty efficiency, under welfare efficiency Denmark moves to the bottom of the distribu-
tion while Hungary moves towards the top. This reflects the relatively high ‘welfare cost of 
leakage’ in Denmark because of high market income inequality compared to the low costs in 
Hungary due to low market income inequality.

The above framework and analysis of spending efficiency provides a basis for discussing 
the potential of regression-based approaches for evaluating spending efficiency in the context 
of social protection spending. For example, it is common in analyses of public spending effi-
ciency more generally to use stochastic frontier (SF) analysis (see Annex I for a more detailed 
discussion) to estimate spending efficiency. This typically involves regressing some measure 
of the ‘outcome,’ which the spending was intended to enhance, for each country on spending 
levels of these countries. Other determinants of the outcome are also included as explanatory 
variables to avoid attributing their effects to the impact of spending on the outcome of interest 
or to variations in spending efficiency.

In the context of social protection spending, social welfare in (14.12) above can be taken as 
the appropriate outcome variable of interest. But, since we are focusing on spending efficiency 
and abstracting from differences in mean incomes across countries, we can simply focus on 
(1 – I) as our measure of social welfare. The corresponding regression analysis would have 
(1 – I) as the dependent variable, with I set at post-transfer inequality and transfer spending 
as an independent variable. To control for factors other than transfer spending that affect 
post-transfer I we would need to effectively control also for I before transfer spending (that 
is, pre-transfer I). However, when we apply a standard SF analysis to these data we find large 
discrepancies between our measures of spending efficiency, which are derived from a well-
defined social welfare framework, and the estimates of efficiency produced by the SF analysis. 
We therefore conclude that, in the context of social protection spending efficiency, SF analysis 
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Figure 14.4 Poverty and welfare spending efficiency
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can produce misleading results, possibly reflecting that its underlying assumptions on the 
distribution of efficiency are too rigid. In any case, since one needs to control for pre-transfer 
I, one already has sufficient information to calculate the efficiency estimates directly as the 
difference in pre-transfer and post-transfer I divided by total transfer spending as per (14.1) 
above, thus making SF analysis redundant.

Regression analysis, however, does provide a useful empirical framework for identifying 
the relative importance of spending efficiency and spending adequacy in determining varia-
tions in the welfare impact of fiscal redistribution using the results discussed above. Based on 
(14.7) above, a linear regression of the welfare impact (dW) on efficiency (λ) and adequacy 
(τ) allows for an approximation of the independent impacts of each component using ANOVA 
analysis.20 Focusing on the welfare impact discussed above, as expected the explained vari-
ation of such a regression is very high at 98 percent. Of this, variations in efficiency across 
countries account for one third of the variation on overall welfare impact and variation in 
adequacy accounts for the remaining two-thirds. The corresponding figures for our poverty 
impact are 24 and 75 percent.

5.  POLICY IMPLICATIONS

Estimates of spending efficiency can be used to identify the potential each country has for 
enhancing the impact such spending has in achieving underlying social objectives. In general, 
a country with relatively low spending efficiency can enhance efficiency in various ways. 
It can increase the share of spending allocated to better targeted transfer programs, such as 
means-tested programs. Second, it can improve the targeting of these means-tested programs 
where this is relatively low. Third, it can improve the targeting of non-means-tested transfer 
programs where this is low. We will illustrate each of these below using the empirical analysis 
above but, for presentational convenience, will focus only on welfare efficiency. Figure 14.5 
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Figure 14.5 Spending efficiency for means-tested and non-means-tested transfers
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shows that the efficiency of spending is typically much higher for means-tested programs with 
a median above 0.5 compared to a median of below 0.3 for non-means-tested programs. But 
it is also the case that there is substantial variation in efficiency across countries for both sets 
of programs.

The discussion below is meant to be instructive as to how to move from an efficiency 
analysis to a discussion of policy considerations. Actual policy prescriptions for any 
country would need to be informed by more country-specific and program-specific 
analyses and broader policy considerations. For instance, as indicated earlier, countries 
must balance the benefits of improved targeting against various costs associated with better 
targeting—administrative constraints may preclude the use of sophisticated mean-tested 
transfer programs; political considerations may require including middle-income groups 
in transfer programs to generate support for program budget allocations; or means testing 
to narrow ‘poor’ household groups may generate social stigma and possibly low take-up 
of benefits. In addition, countries need to be able to contain the moral hazard costs arising 
from the work disincentives inherent in means-tested transfers. The fact that even advanced 
European economies with significant administrative capacity have a high share of social 
assistance transfers that are not means tested suggests that many of these forces are at play 
in practice.

5.1 Enhancing Role of Means-Tested Benefits

All European countries have some sort of means-tested Guaranteed Minimum Income (GMI) 
program (Immervoll, 2009; Frazer and Marlier, 2016; Crepaldi et al., 2017; Coady et al., 2021). 
However, the share of total assistance transfers that is means tested varies substantially across 
countries. One option then for countries to consider is whether they want to integrate some 
of existing non-means-tested social assistance spending into an existing means-tested system. 
The share of means-tested benefits in countries with relatively high initial spending levels has 
trended upwards, increasing by an average of 25 percent between 1990 and 2017 (Figure 14.5), 
presumably partly to contain high spending levels. Other countries with relatively low initial 
spending levels have increased the share of non-means-tested transfers as they have increased 
spending levels, presumably partly to expand coverage of benefits in the context of limited 
administrative capacity.

The share of means-tested benefits is particularly low in Estonia, Latvia, Hungary, Serbia 
and Lithuania. Among these, Estonia, Latvia and Lithuania have especially low spending 
efficiency and could therefore consider expanding the role of means-tested programs. 
Some countries with a relatively high share of means-tested benefits still appear to have 
relatively low spending efficiency. These include Poland, United Kingdom and Spain. 
These countries can consider how to strengthen targeting of these programs, for example, 
through adopting a more rapid withdrawal of benefits. However, this should be accompa-
nied by measures that help to contain work disincentives (Annex II). In addition, measures 
should be taken to ensure that the administration of such benefits is efficient and that the 
private costs of potential beneficiaries acquiring knowledge of the program and applying 
are not high. Stigma concerns can possibly be addressed through linking benefit receipt 
to the receipt of formal or on-the-job training. Emphasizing the administrative efficiency, 
low fiscal cost and work-focused dimensions of these programs may also help generate 
political support.
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5.2 Increasing the Efficiency of Non-Means-Tested Benefits

An alternative to increasing the share of means-tested (MT) benefits is to improve the targeting 
of non-means-tested (NMT) benefits. In general, NMT benefits are less targeted than MT 
benefits (Figure 14.6) and countries with a high share of NMT benefits that are badly targeted 
(such as Estonia, Latvia and Lithuania) can consider improving their targeting. This can be 
done both through changing eligibility rules and benefit levels. Universal child benefits pro-
vide a useful example. These benefits are available to all children below a certain age. Since, 
in general, not all children live in lower-income households, there will typically be substantial 
leakage of benefits to higher-income households with children. Enhancing the targeting of 
child benefits can be done through a combination of changing eligibility rules and varying 
benefit levels when the leakage of benefits to higher-income groups (that is, the distribution 
of children across the income distribution) varies by age group. Benefit eligibility could be 
restricted to age groups where leakage is relatively low, or benefit levels could be higher for 
these groups. Or benefits for age groups with greater leakage could be means tested, including 
by reducing benefit levels as household income increases. Alternatively, ensuring that benefit 
income is included in the tax base within a progressive income tax system will enhance the 
progressivity of the overall transfer and tax system, even if benefit efficiency is not affected.

6.  CONCLUDING REMARKS

As with other types of public spending, an evaluation of the efficiency of social protection 
spending needs to be firmly anchored in a clear set of social objectives that it is intended to 
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achieve. In the context of social protection spending (‘transfers’), these are typically specified 
as decreasing income poverty and income inequality. This chapter sets out a well-established 
conceptual framework to guide the evaluation of social protection spending efficiency consist-
ent with these social objectives.

Within this framework, spending efficiency is seen to be synonymous with the more 
frequently used term of ‘spending progressivity,’ which ceteris paribus increases the more 
spending is concentrated (targeted) on the lowest income (‘poorest’) groups. However, effi-
ciency will also depend on the inequality of pre-transfer market income. For any distribution 
of transfers, efficiency will be higher with greater market income inequality, reflecting higher 
social returns to targeting. Therefore, if two countries have the same distribution of benefits 
across households (that is, the same targeting) then the country with higher initial inequal-
ity will have higher spending efficiency. A comprehensive empirical analysis of spending 
efficiency should therefore identify the respective roles of targeting outcomes and the social 
returns to targeting in determining overall spending efficiency. This can be done through 
considering alternative specifications of welfare weights. Where initial inequality (and the 
social returns to targeting) are relatively high, consideration should also be given to reducing 
disposable income inequality through measures that reduce market income inequality.

In the presence of costs associated with targeting, maximum efficiency is neither optimal 
nor indeed attainable. These costs include moral hazard, administrative, social, political and 
private costs. The optimal level of efficiency will therefore differ across countries when the 
costs of targeting differ and when there are differences in countries’ preferences over how 
best to balance the benefits and costs of targeting. Care therefore is needed when using the 
results of spending efficiency analysis to inform policy choices, which also requires a more 
detailed analysis of the different components of total transfers and the (real or perceived) costs 
associated with targeting in a specific country context.

Reflecting the above, it is important that spending efficiency analysis incorporates the 
following features to strengthen its ability to inform policy choices:

• An evaluation of efficiency across a common set of social preferences over income 
inequality to see how sensitive relative spending efficiency is to different preferences. 
The social welfare framework has the advantage that these preferences are more easily 
made explicit for the purposes of sensitivity analysis.

• A clear understanding of the role played by the different components of efficiency (that 
is, targeting and initial inequality) in explaining differences in overall efficiency. This 
can be achieved through undertaking sensitivity analysis over alternative social welfare 
weights.

• A clear understanding of the role played by the different components of transfers 
(for example, means-tested and non-means-tested transfers) in determining overall 
efficiency of transfers.

The insights from the above analyses would need to be combined with more detailed 
information on the design of existing programs to adequately inform policy choices.

Benchmarking overall spending efficiency across countries, and the contributions of differ-
ent transfer components, can provide a very useful starting point for identifying the potential 
for strengthening efficiency in different countries. For instance, countries with relatively low 
efficiency can consider increasing the role of means-tested transfers, which are typically better 
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targeted than other transfer components. In some countries there may be room for enhanc-
ing the targeting of benefits through a sharper withdrawal of benefits as household income 
increases. Or countries can consider enhancing the targeting of non-means-tested transfers 
through more progressive eligibility rules and benefit levels. However, recommendations on 
how to enhance efficiency should also identify the trade-offs that are involved in terms of 
the various costs of targeting. For example, increased reliance on means-tested transfers may 
involve higher administrative and moral hazard costs, or increased reliance on better-targeted 
non-means-tested transfers may involve different social and political costs. In the end, it is 
country policy makers who should decide the appropriate level of targeting efficiency reflect-
ing social preferences and the various constraints they face when choosing and implementing 
alternative policy instruments.
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Appendix Table 14.1 EUROMOD: Ireland distribution of income, taxes and transfers

Decile 
Group

Disposable 
Income

Original 
Income

Means-
Tested 

Benefits

Non-Means-
Tested 

Benefits
Public 

Pensions All Taxes

Social 
Insurance 
Contrib. 

(SICs) (2)

Simulated 
Benefits, 

of All 
Benefits 

(%)

Simulated 
Taxes, of 
All Taxes 

(%)
1 1,099.8 255.6 657.8 236.2 44.4 64.1 30.2 92.2 100.0
2 1,586.3 354.9 951.8 265.1 84.5 58.1 12.0 92.5 100.0
3 1,930.4 689.5 922.9 275.1 155.9 70.7 42.4 90.4 100.0
4 2,289.1 1,268.5 706.5 355.1 177.7 136.5 82.2 87.6 100.0
5 2,738.9 2,014.4 413.0 341.7 360.0 253.1 137.1 88.3 100.0
6 3,208.0 2,960.4 173.5 376.7 356.5 462.8 196.2 89.7 100.0
7 3,697.3 3,708.7 112.1 428.4 376.0 667.9 260.0 89.1 100.0
8 4,125.0 4,652.5 64.3 333.2 405.0 998.4 331.7 91.5 100.0
9 5,076.7 6,445.4 22.3 348.5 268.3 1,525.7 482.1 90.5 100.0
10 6,993.0 10,726.6 14.7 243.1 148.0 3,345.3 794.0 88.1 100.0
All 3,264.8 3,304.1 409.1 318.1 233.7 763.4 236.8 90.1 100.0

Poor (3) 1,283.2 270.2 790.2 249.9 53.6 58.5 22.1 92.7 100.0

Definitions
original income employment income + investment income + income of children under 16+ 

private pension + income from property + private transfers received + self-
employment income + pension from other employment + pension from 
public sector

taxes (sim.) personal income tax + universal social charge + household charge - 
mortgage interest relief

taxes (data) property tax
employee SICs (sim.) employee PRSI + superannuation + public sector pension related deduction
self-empl. SICs (sim.) self-employed PRSI + self-employed investment and rental income SIC
benefits (sim.) maternity benefit + state pension (non-contributory) + one parent family 

payment + widows non-contributory pension + disability allowance + illness 
benefit + supplementary welfare allowance + family income supplement + 
jobseekers benefit + jobseekers allowance + injury benefit + child benefit + 
state pension (contributory) + state pension

benefits (data) rent and mortgage supplements + fuel allowance + minor social assistance 
benefits + residual family allowances + grants/education (training) 
allowances + education grant (from FÁS) + household benefit package + 
non-Irish social

Notes:
1.  The categories of income components chosen for these tables are simply for illustrative purposes. The 

categorization of instruments is an area where EUROMOD offers a high degree of flexibility which is needed 
if results are to conform to different conventions and are to be used for a range of purposes. June 2011-2016 
market exchange rates are used for non-euro countries.

2.  Social insurance contributions refer here to the sum of employee and self-employed contributions and all 
benefits also include public pensions.

3.  Poor: households at risk of being in poverty, i.e., with equivalized disposable income below 60% of the median.

Source: EUROMOD data available at: https://www.euromod.ac.uk/using-euromod/statistics
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ANNEX I. COMPARISON OF MICROSIMULATION AND STOCHASTIC 
FRONTIER ANALYSIS

A common empirical framework for assessing efficiency is stochastic frontier analysis (SFA). 
Originally developed in the context of estimating the efficiency of firm-level production, SFA 
can be applied to a wide range of settings where efficiency is an area of interest, including 
public spending. In this annex we discuss how such a SFA could be applied to an analysis of 
social protection spending efficiency and benchmark its efficiency estimates to the results 
presented in the paper. This comparison suggests that the SFA approach may result in mislead-
ing efficiency estimates, which presumably reflects the relatively rigid assumptions that are 
required as regards the distribution of (unobserved) efficiency and random error. In any case, we 
argue that once one has adequate information to control for other factors that affect outcomes, 
this is likely to be adequate to undertake the type of microsimulation analysis presented in  
the paper.

The benchmark SFA model can be expressed as:

 yi = F(xi, β)Ei (A14.1)

where i indexes the observation unit (for example, firm or country), yi is i’s output (or change 
in outcome), F(·) is a production function with inputs xi and Ei is an unobserved efficiency 
term with 0 ≤ Ei ≤ 1. Taking the natural logarithm, results in the following linear specification:

 ln(yi) = α + βln(xi) + ln(Ei) (A14.2)

Letting ln(Ei) = vi − ui, the efficiency term can be decomposed into a standard random shock 
parameter vi ~ N(0, σ2) and an i -specific technical inefficiency parameter, ui ≥ 0. This compos-
ite error structure allows for the existence of shocks that are unrelated to technical inefficiency 
and therefore controls for any distortionary effect they may have on assessments of efficiency. 
Model estimation requires assumptions of the distribution of ui for which a common baseline 
assumption is the half-normal distribution u Ni ui∼ σ+ ( ,  )0 2  which we also use here. This 
model is then estimated using maximum likelihood methods.

In the context of social protection spending, yi corresponds to the welfare impact of spending 
consistent with equation (14.1) in the paper:

  dW ≡ λ.B  (A14.3)

where B is social protection spending for each country, λ is spending efficiency and W is social 
welfare which can be evaluated as:

  W = μ (1 – I)  (A14.4)

where I represents a measure of income inequality and μ is mean country income. Substituting 
(A14.4) into (A14.3) we get:

  dW = dW1 – dW0 = (1 – I1) – (1 – I0) (A14.5)
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where sub-scripts denote the values taken by variables before (0) and after (1) transfer 
spending, and we drop the term for mean country income since we are focusing on spending 
efficiency and abstracting from changes in country mean income.

The standard approach in SFA applied to spending efficiency is to use the outcome variable 
after spending W1 as the dependent variable and spending B as the explanatory variable. This 
specification requires that the regression also includes additional explanatory variables that 
affect the outcome variable independently of B. The corresponding regression for analysis of 
social protection spending efficiency is then:

 (1 – I1) = α + β B + γ (1 – I0) (A14.5)

In the analysis presented below, consistent with the social welfare approach used in the paper, 
we use the Atkinson measure of inequality for two values of the inequality aversion parameter 
(that is, ε = 1 and ε = 2).

Appendix Table 14.2 presents the regression results for different model specifications, the 
first panel for ε = 1 and the second for ε = 2). In Model 1 the dependent variable corresponds 
to the welfare impact of transfers as calculated by equation (14.8) in the paper and the single 
dependent variable is the level of the transfer budget. This specification is therefore the clos-
est to the analysis presented in the paper embedded with an SFA. The estimated coefficient 
indicates that, on average, a 10 percent increase in the transfer budget is associated with an 
8.6−9.1 percent increase in the welfare impact, consistent with there being a low correlation 
between spending and efficiency in the data.

In Model 2 the dependent variable is as in equation (A14.5) above with only B included as 
an explanatory variable and the outcome variable is (1 – I). The coefficient on B indicates that a 
10 percent higher level of spending is associated with 0.7−1.9 percent increase in post-transfer 
welfare. However, this measure fails to allow for the fact that initial pre-transfer inequality 
also varies across countries in a manner correlated with country budgets (for example, spend-
ing is higher in countries with initially higher pre-transfer inequality), so that the estimated 
coefficient is partly picking up this correlation. Model 3 corrects for this by including initial 
pre-transfer inequality as an additional explanatory. As expected, there is a strong positive 
relationship between pre-transfer and post-transfer inequality, with a narrower range of 
1.1−1.4 on the budget variable, the latter higher estimate being consistent with a higher social 
welfare return to redistributive transfers the greater the aversion to inequality.

Finally, we compare the efficiency scores from the various SFAs to those estimated in the 
paper (Appendix Figure 14.1). The first panel shows this for Model 1 and not surprisingly, 
given the very close correspondence between both analyses, the efficiency estimates are 
extremely  highly  correlated—correlation  coefficient  of  0.96−0.97  and  rank  correlation  of 
0.99−1.00. However,  the SFA estimates  very high  levels  of  efficiency  across  all  countries 
compared to those estimated in the paper, which also vary a lot more across countries. This sug-
gests that the SFA analysis is attributing much of the variation in efficiency to the random error 
term. The second panel presents efficiency estimates for Model 2 with the more traditional SFA 
specification but with only B as an explanatory variable. The correlation between efficiency 
estimates falls substantially—correlation coefficients of 0.70−0.75 and rank correlations of 
0.75−0.78—and  the  ranking  of  countries  by  efficiency  is  substantially  different  than  that 
presented in the paper. The third panel presents efficiency estimates for Model 3 when we add 
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initial pre-transfer inequality as an additional explanatory variable. Somewhat surprisingly, 
the correlation falls even further—correlation coefficients of 0.54−0.61 and rank correlation 
of 0.53−0.72—and again country efficiency rankings differ substantially from the estimates 
in the paper. This suggests that the underlying assumptions in the SFA on the distribution of 
efficiency may be very inappropriate and are biasing efficiency estimates significantly.

Appendix Table 14.2 Results from the SFA regressions

Panel A: Inequality Aversion, ε = 1
log (dW) log (1-Post-Transfer A(1)) log (1-Post-Transfer A(1))

log (Transfer Budget. Percent GDP) 0.91*** 0.07** 0.11***
(0.16) (0.04) (0.02)

log (1-Pre-Transfer A(1)) 0.58***
(0.10)

log (Variance of Random Error) –2.44*** –7.17*** –8.51***
(0.27) (0.82) (0.96)

log (Variance of Technical 
Efficiency Term) –9.89 –4.46*** –6.09***

(271.24) (0.38) (0.51)
Panel B: Inequality Aversion, ε = 2

log (dW) log (1-Post-Transfer A(2)) log (1-Post-Transfer A(2))
log (Transfer Budget, Percent GDP) 0.86*** 0.19*** 0.14***

(0.19) (0.00) (0.00)
log (1-Pre-Transfer A(2)) 0.32***

(0.00)
log (Variance of Random Error) –2.08*** –38.09 –37.63

(0.27) (611.23) (0.13)
log (Variance of Technical 
Efficiency Term) –11.32 –2.43*** –3.67***

(382.36) (0.27) (0.35)
Coverage 2016 2016 2016
Countries/Observations 28 28 28

Note: An analysis of the OLS residuals for Model’s 1 and 2 find the residuals to be normally distributed with a 
leftward skew, suggesting the presence of technical inefficiency. We specify a heteroskedasticity robust estimation 
procedure for all frontier analysis. The analysis is based on a 28-country sample for 2016. Stars denote: p < 0.01 
***, p < 0.05 **, p < 0.10 *.
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Appendix Figure 14.1  Relationship between different SFA efficiency measures and lambda



Evaluating the efficiency of social protection spending  333

ANNEX II. POLICIES FOR ADDRESSING LABOR MARKET 
DISINCENTIVES IN MEANS-TESTED PROGRAMS

A key challenge facing countries when designing means-tested benefit systems is how to con-
tain the work disincentives associated with the withdrawal of benefits as household members 
enter employment and increase earnings. While a sharp withdrawal of benefits helps to better 
target benefits to lower-income groups (that is, enhance spending efficiency) and to contain 
fiscal cost, it also significantly reduces work incentives. Many countries address this trade-off 
by reducing benefit generosity while more gradually withdrawing benefits (OECD, 1997; 
Immervoll, 2009; Pena-Cassas et al., 2013; Coady et al., 2021). However, this comes at a high 
cost in terms of undermining the primary objective of poverty alleviation.

Countries can use various approaches to reduce work disincentives while combining high 
generosity with high benefit withdrawal rates. These include:

• Income disregards. This allows beneficiaries to earn a certain amount without any 
reduction in benefits, that is, a zero-withdrawal rate over this income range, after which 
higher withdrawal rates are applied. This strengthens work incentives, especially for 
low-income individuals who are often more responsive to financial incentives.

• Fixed duration benefits. This allows beneficiaries to earn income without withdrawal 
of benefits for a certain period after which high withdrawal rates are applied. This 
strengthens work incentives in the short term and allows time for the individual to 
develop work habits and skills and thus strengthen attachment to the labor market.

• Benefit conditionality. Recent reforms to means-tested benefits in many countries 
have focused on strengthening conditionality for receipt of these benefits to counteract 
the disincentive effects of sharp benefit withdrawal. These conditions involve regular 
reporting on work search, participation in training, and the requirement that recipients 
accept jobs that they have been offered or have been sourced for them, including pos-
sible government-sponsored jobs. Failure to engage with these programs is typically met 
with benefit sanctions

Careful monitoring of labor market developments of benefit recipients can also be used as 
signals of the need for further tailored public support or benefit conditionality such as training 
or specific job placements.
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NOTES

 1. We acknowledge the excellent research assistance provided by Riki Matsumoto.
 2. This chapter does not address public pension spending, which is taken up in Chapter 8.
 3. The Euromod project has produced extensive work combining EU-SILC household survey data with a standard-

ized microsimulation model adapted to member countries to evaluate the distributional impact of tax and benefit 
systems and their reform (Sutherland and Figari, 2013; Avram et al., 2014). Caminada et al. (2017, 2019) have 
used Luxembourg Income Survey data for similar purposes, while the OECD also regularly produces estimates 
of fiscal redistribution based on household survey data (Immervoll and Richardson, 2011; OECD, 2008, 2011; 
Causa and Hermansen, 2019). Although analyses of fiscal redistribution and supporting databases for low-income 
and middle-income countries are much more limited, Inchauste and Lustig (2017) provide an overview of the 
growing literature in this area under the auspices of the Commitment to Equity (CEQ) project.

 4. Other objectives could include ‘promotion’ (rather than ‘protection’) which involves enhancing the asset base of 
‘poor’ households aimed at increasing future incomes or promoting attachment to the labor market. In practice, 
there may be a trade-off between these two social objectives so that the impact of spending on current poverty for 
a given spending budget may be lower than otherwise would be the case.

 5. For convenience, we will often use the term poverty to denote both poverty and inequality.
 6. We abstract from the issue of the determination of the optimal spending envelope (or transfer budget) since the 

empirical literature focuses primarily on efficiency given a specific level of spending. The empirical literature is 
also very diverse in terms of the welfare indicator used and the population group analyzed (for example, house-
holds, individuals and workers).

 7. This could be calculated using a household survey containing information on household income and transfers 
received.

 8. For more detailed discussion, see Atkinson (1995ab); Besley and Kanbur (1993); Coady et al. (2004a; 2004b); 
and van de Walle (1998).

 9. Note that perfect targeting involves: (i) Perfect beneficiary targeting where only the poor receive transfers and 
all the poor receive transfers; and (ii) Perfect transfer targeting where all of the transfer budget goes to the poor 
and the poor receive exactly the gap between their incomes and the poverty line. We use the term ‘perfect’ to 
distinguish this scheme from the conventional notion of an ‘optimal’ scheme that minimizes the efficiency cost 
associated with means-tested transfers.

10.  Note  that  this holds even when  the  transfer budget  is  less  than  the poverty gap  (and  therefore  insufficient  to 
eliminate poverty) as long as transfers are targeted at the poorest households first. In this case, the incomes of the 
poorest households would be brought up to a common level below the poverty line.

11. Targeting errors are often categorized as ‘errors of exclusion’ (that is, some poor do not receive transfers) and 
‘errors of inclusion’ (that is, some non-poor receive transfers).

12.  Most empirical papers on fiscal redistribution abstract from the important issue of behavioral responses arising 
from taxes and transfers. However, such responses could potentially be very important in deciding on the optimal 
level of fiscal redistribution since they generate an efficiency−equity trade-off (Piketty and Saez, 2013; Bargain, 
2017). The presence of such responses also means that the level and distribution of ‘original’ incomes (that is, 
incomes prior to the imposition of taxes and transfers) may be different from the level and distribution of ‘market’ 
incomes (that is, ‘disposable’ incomes after taxes and transfers, minus taxes and transfers), the extent of these 
differences depending on the elasticity of income to net transfers and how this varies across income groups. While 
the conceptual framework used here applies regardless of whether original or market incomes are used in equation 
(14.2), the empirical results and their policy implications could, of course, be sensitive.

13. This approach is well established in the literature; for examples, see Atkinson and Stiglitz (1980); Newbery and 
Stern (1987); and Ahmad and Stern (1991). For a discussion of alternative approaches to setting welfare weights, 
see Kanbur and Tuomala (2011).

14.  In Annex I, we also compare the efficiency measure to the types of efficiency measures that would emerge from 
the regression approaches often used in practice when discussing spending efficiency.

15.  In the context of the Gini coefficient, which will be discussed briefly below and is commonly used in analyzing 
spending progressivity, this can be achieved through comparing results for the absolute change in the Gini due 
to transfers to the proportional change since, in relative terms, certeris paribus the latter will be smaller than the 
former for countries with high initial Gini inequality.

16. Note that, in the context of the iso-elastic social welfare function used by Atkinson (1970), this is equivalent to 
setting social welfare equal to the level of income which, if equally distributed, will give the same level of social 
welfare as the existing distribution of income, which he refers to as ‘equally distributed equivalent’ (EDE) income.

17. Simulations within a social welfare framework suggest marginal income tax rates (MTRs) of (60, 70, 90) percent 
on low incomes for inequality aversion parameters of (0.5, 1.0, 2.0), and corresponding optimal grants equal to 
(36, 54, 67) percent of median income (Coady and Le, 2020). Similar estimates were found for the UK by Brewer 
et al. (2010). Simulations within a poverty alleviation framework suggest optimal MTRs on low incomes of 
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around 60−70 percent (Kanbur et al., 1994). However, the literature also finds that very low benefit withdrawal 
rates for the lowest earners (or even wage subsidies, that is, negative benefit withdrawal rates) may be optimal 
when one takes account of disincentives to participate in the labor market in the first instance (that is, the extensive 
margin). Note that interpretation of these estimates should incorporate the existence of consumption taxes, which 
vary around 20 percent in many European countries. Also, it is likely that the optimal MTRs are lower when the 
generosity of the income grant is set below the optimal level. Similarly, if work is deemed to have a social value 
then optimal benefit withdrawal will likely be lower. On the other hand, if conditionality is strong then optimal 
withdrawal rates may be higher, and conditionality may be less desirable when withdrawal rates are low.

18.  This could be interpreted as the tax elasticity being much higher at the bottom of the income distribution reflecting 
significant evasion possibilities, thus making high tax rates at low incomes very inefficient. Note that informa-
tion (or data) constraints are at the heart of the design problem, as well as constraints on delivering transfers, and 
these constraints are typically most challenging in countries with large informal sectors and weak administrative 
capacity (see Prady, 2020, for a discussion and recent initiatives). The strength of public financial management 
(PFM) systems can also drive political will to undertake fiscal redistribution.

19. Note that our discussion of empirical results based on descriptive regression analysis should be seen as simply a 
way of describing associations (or ‘correlations’) between variables rather than suggesting any underlying causal 
relationship.

20. The contribution of an explanatory variable (X) to the total variance of the dependent variable (Y) is calculated as 
the coefficient estimate times Cov(X,Y) /Var(Y). An alternative approach would be to use the Shapely-Shorrocks 
decomposition (see Coady et al., 2021; Shorrocks, 2013) for an example in the current context.
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15.  Efficiency of public investment and implications for 
the optimal level of public investment

 Jean-Marc Fournier and Fabien Gonguet1

1. INTRODUCTION

Public investment (in)efficiency has been attracting increasing attention in the public invest-
ment literature since seminal works of the World Bank (1994), Hulten (1996) and Pritchett 
(2000). Public officials are the agents of the people who are the principal, and their interests 
are not fully aligned, potentially leading to sub-optimal choices. Pritchett found with cross-
country data that one dollar of public investment translates into about 50 to 60 cents of public 
capital, and that inefficiency is substantially lower in OECD and fast-growing East Asia 
countries than in most other developing economies.

Despite these early warnings, the concerns remain sizeable and recent estimates point to the 
existence of significant margins to improve public investment efficiency in most countries. 
Miyamoto et al. (2020) showed that emerging markets and low-income developing countries 
still trail significantly behind advanced economies in terms of infrastructure access and 
quality, despite sustained larger public investment to GDP ratios over the past three decades. 
Baum et al. (2020) found an average efficiency gap relative to best performers of one-third 
to two-fifths (depending on the estimation methodology) in a study covering 164 countries, 
with smaller gaps as income rises. Low-income developing countries lose on average 44 to 
53 percent of their investment resources to inefficiencies, against 32 to 42 percent in emerging 
markets and 15 to 27 percent in advanced economies.

These concerns for public investment efficiency are particularly acute as public capital 
is a driver of economic growth, as shown by a voluminous literature. Earlier research has 
embedded public investment in growth theory to discuss the optimal level of public invest-
ment (Arrow and Kurz 1970). As gains from some public infrastructures are not excludable, 
the private market would fail to provide the necessary services, so that public capital is 
likely to crowd in private capital (for example Aschauer 1989). However, public investment 
should not displace better opportunities in the private sector, in which case private investment 
would be crowded out (Marglin 1963). This suggests that the effect of public investment is 
an empirical question, and a first generation of empirical research showed large effects of 
public investment on growth (Aschauer 1989; Fernald 1999). This has been followed by a 
voluminous literature providing heterogeneous results that are well summarized by Bom 
and Ligthart’s (2014) meta-analysis. Overall, they find positive but more modest effects of 
public investment, in part because the econometric specification in Aschauer (1989) has been 
improved to address the presence of stochastic trends and of reverse causality. In the wake of 
the COVID-19 pandemic, infrastructure investment was highlighted as a key ingredient for 
a sound economic recovery and for the transition to a more inclusive and greener economic 
model, while insisting on the need to enhance its efficiency and quality to achieve higher 
benefits (IMF 2020).

 Efficiency of public investment and implications for the optimal level…
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Given the large and persistent concerns for public investment inefficiency, this chapter 
aims at providing a concise overview to help researchers and policy makers understand 
the issue and think about appropriate policy responses. It discusses how to establish the 
right diagnostic, and how policies could improve the gains reaped from public investment. 
There has been a growing literature on measuring public investment efficiency and on the 
positive impact of sound public investment management (PIM) practices on efficiency. 
The literature on the appropriate depth of public capital deepening given these concerns is 
much scarcer. This chapter will thus review the literature on how to measure and improve 
public investment efficiency and complement this with a distinct and original analysis of 
the effect of public spending inefficiency on the optimal rate of investment. This shows 
that utility-maximizing public investment level increases with efficiency when public 
investment substitutes private factors of production, while it decreases with efficiency 
otherwise.

The remainder of the chapter is organized as follows. Section 2 briefly defines public 
investment efficiency and section 3 describes how it can be measured. Section 4 discusses 
how public investment efficiency can be improved. Section 5 provides insights into the right 
amount of public investment, being cognizant of public investment inefficiency.

2.  DEFINING PUBLIC INVESTMENT EFFICIENCY

A common definition of public investment efficiency is the fraction of investment that passes 
into the value of capital (Hulten 1996, Pritchett 2000). Formally, this consists in adding an 
efficiency factor in the public capital accumulation equation:

 Kt = (1 − δ)Kt−1 + εt It  (15.1)

where Kt is public capital, δ is the rate of depreciation of public capital, εt is public investment 
efficiency and It is public investment. While It is the amount spent, εtIt is the economic cost 
of public investment, namely the minimum achievable cost for the same investment. Usual 
models that assume full efficiency thus overestimate the capital stock, so that the decom-
position of output into the contribution of capital and total factor productivity is incorrect 
(Pritchett 2000).2

As discussed in Pritchett (2000), the value of public capital can differ from investment cost 
not only because of waste or mistakes, but also because technological change can make old 
investment obsolete, and because relative prices differ over time or across countries, including 
due to tariffs. Private sector capital stock can be affected by technological surprises as well as 
the public sector, and private investors are expected to maximize the value of their investment ex 
ante, given their own knowledge and technology when they make their decisions. Differences 
in prices across countries can alter cross-country comparisons in nominal spending (De Long 
and Summers 1992), this can be fixed with investment series based on comparable prices of 
investment goods across countries (as in King and Levine 1994). A key difference between 
public and private investment is that private decision makers are incentivized to minimize 
waste so as to maximize their profits and those who make inefficient investment decisions may 
have to exit markets, while there is no guarantee a priori that public decision makers would 
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minimize mistakes or waste. To keep focus on the latter, which is inherent to the public sector, 
the definition of public investment efficiency shall steer clear from changes in technologies or 
prices that were not predictable.

With this definition, causes of public investment inefficiency include waste, poor project 
selection, insufficient maintenance and corruption. Examples of wasteful projects abound 
(for example Schwartz et al. 2020). There is waste if poorly planned projects are not 
completed, when there is useless bureaucratic work or if implementation is less productive 
because it does not use available technology. According to the IMF (2020), almost 40 
percent of projects cost more than the estimated appraisal cost and 75 percent of projects are 
delayed beyond their projected completion date at project outset. Poor appraisal may distort 
project selections. Further, this selection may also be distorted by political considerations, 
such as EU structural fund allocation favoring regions which are politically aligned with 
national authorities (Dotti 2015). As new projects attract visibility, maintenance is often 
structurally underfunded, accelerating the depreciation of existing projects and increasing 
fiscal costs in the medium to long run (Blazey et al. 2020). Insufficient maintenance has been 
identified early as a source of unnecessary costs. For instance, the World Bank flagged in 
1994 that $12 billion in timely road maintenance in Africa would have avoided $45 billion 
in rehabilitation (World Bank 1994). Finally, relative to other types of spending, investment 
projects typically have unique features, increasing the level of discretion, complicating 
cost comparisons and thus making it easier to conceal bribes (Mauro 1998; IMF 2019), so 
that infrastructure costs are higher in countries with higher corruption (Collier et al. 2016). 
Complexity also reduces capacity to control efficiency of public officials in implementing 
projects.

Waste, poor project selection and corruption can be directly associated with this definition 
of efficiency as discussed in Berg et al. (2019). First, by definition, waste implies that one unit 
of investment does not translate into one unit of public capital. Second, a unit of investment in 
a poorly chosen project delivers fewer public services than a unit of investment in the optimal 
project. Third, corruption is also obviously consistent with this capital accumulation equation, 
but this does not capture the full picture as corruption is also a transfer toward a corrupt 
official that would consume this benefit, as discussed in Berg et al. (2019). Last, one may 
consider that lack of maintenance is a form of poor project selection, this thus can fit with the 
same inefficiency definition. However, one could also reflect this with a higher depreciation 
rate. With this alternative approach, the efficiency parameter εt would not capture the role of 
poor maintenance. If the depreciation rate is not allowed to vary with maintenance quality, as 
discussed below, all sources of inefficiency are embedded in εt.

3.  MEASURING PUBLIC INVESTMENT EFFICIENCY

Measures of public investment efficiency compare production units (typically the countries), 
assuming those that get the largest outputs (for example kilometers of roads, perception of 
quality of infrastructure and so on) for a given amount of inputs, including cumulated past 
investment spending, are efficient (see Murillo-Zamorano 2004 for a survey). These units 
are at the efficiency frontier and, for other units, the distance to this frontier is a measure 
of inefficiency. Parametric and non-parametric methods are used in the literature. The main 
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parametric approach is stochastic frontier analysis (SFA), in which the deviation from a 
parametric production function is made up of two terms – statistical noise and inefficiency 
(see Kumbhakar et al. 2020 for a recent overview). The aim of the statistical noise is to capture 
factors such as luck or uncertainties that should not belong to efficiency. Among the non-
parametric approaches, data envelopment analysis (DEA) is widely used (for example IMF 
2015; Schwartz et al. 2020). In this approach, no functional form for production is assumed, 
the frontier is the piecewise linear envelope that encompasses all units and inefficiency is the 
distance to this frontier. A noticeable improvement from the seminal analysis by Charnes et al. 
(1978) has been to allow variable returns to scale that enables each unit to be compared to other 
similar alternatives (Byrnes et al. 1984).

Implementing such efficiency measures requires calculating inputs and outputs. As the 
output is a stock of infrastructure or the service they provide, practitioners consider public 
capital stock rather than public investment. The input measure reflects the amount spent, such 
as a public capital stock calculated with the perpetual inventory method. Measures that favor 
comparability rather than accuracy with a common depreciation rate across countries, as in 
Kamps (2006) – which has been expanded and updated in IMF (2017) – are relevant. Higher 
depreciation in some countries for a given sector typically reflects lower investment quality, 
one does not want to adjust the input measure downward before computing an efficiency 
score. As full efficiency is achieved when the government is getting the most out of public 
investment with the available technology, Baum et al. (2020) also use GDP per capita as 
a complementary input, aiming at ruling out the role of lower technology in low-income 
countries.

As pertains outputs, since the seminal work of Canning (1998), researchers have been 
gathering data on infrastructure such as road length, number of telephone lines or energy pro-
duction, for instance, as in Donaubauer et al. (2016). These databases may be further improved 
with new internet data such as online map routine services, as illustrated by Braconier and 
Pisu (2013), who compare road distance to the great circle distance. The contribution of the 
private sector to physical infrastructure outputs can create a scope mismatch in efficiency 
estimates, which can be mitigated by restricting the analysis to periods when the share of the 
private sector in infrastructure investment is low, as in Hurlin and Arestoff (2010). Further, 
heterogeneity of sectoral composition of public investment may need to be considered. Despite 
all the caveats, public capital stock outputs need to rely on such measures because there is no 
market to gauge the value of public capital in those many cases in which public capital is a 
public good that is not traded.

As public capital accumulation takes time, such measures reflect moving averages of public 
efficiency. For instance, with a growth rate of 2 percent and a depreciation rate of 4 percent, the 
average age of public capital stock is about 16 years in the steady state and it is common that 
the life span of economic and social infrastructure exceeds several decades. As a result, there 
is a lack of analysis of the evolution of public investment efficiency over time in the literature. 
However, an alternative that would focus on public investment directly is unlikely to address 
this issue. It could miss the cost of accelerated depreciation due to poor construction quality for 
instance. In contrast, the whole capital stock encompasses all public investment issues. As time 
passes, there may be scope for an analysis over a very long period that would enable capturing 
changes in efficiency, this would require careful data work, especially to ensure consistency 
of output measures over time.
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4.  PUBLIC INVESTMENT MANAGEMENT (PIM) REFORMS TO 
IMPROVE PUBLIC INVESTMENT EFFICIENCY

4.1 PIM Frameworks

The wide dispersion of public investment efficiency across countries can be related to a large 
heterogeneity in policies. The rate of return of public investment can be shaped both by policies 
that affect investment in the whole economy and by policies that pertain to public investment 
more specifically. When the exchange rate, trade, pricing and regulatory policies are inap-
propriate, private and public investments are affected, as discussed by Isham and Kaufmann 
(1999). In contrast, PIM frameworks and practices affect public investment directly. To keep 
the focus on these sources of public investment efficiency for a given level of technology and 
macroeconomic environment, this section will focus on PIM.

There is ample empirical evidence (Gupta et al. 2014; IMF 2015; Miyamoto et al. 2020) 
that by improving institutions’ ability to manage public investment, governments are likely to 
reinforce the link between public investment and growth. Baum et al. (2020) show a positive 
correlation between public investment efficiency and the overall soundness of PIM practices: 
an average country could close more than half its efficiency gap were it to align its PIM 
practices with best performers. As they are using an efficiency measure which controls for 
the level of development (GDP per capita), this link between efficiency and PIM goes beyond 
the fact that both can improve with the development level: while the inefficiency gap is wider 
on average for lower-income countries, better PIM practices are likely to increase efficiency 
whatever the income level.

Reflecting a rising attention to public investment efficiency to enhance the growth 
dividends of public infrastructure, international organizations have designed frameworks 
to help governments assess the strengths and weaknesses in their PIM practices and identify 
reform priorities. Dabla-Norris et al. (2012) introduced a Public Investment Management 
Index (PIMI), gauging policies at the appraisal, selection, implementation and evaluation 
phases, focusing on low-income and emerging markets. In the same vein, the World 
Bank, the International Monetary Fund (IMF) and the Organisation for Economic 
Co-operation and Development (OECD) have established multi-dimensional indicators 
to identify strengths and weaknesses in PIM policies (Rajaram et al. 2014; OECD 2017 
and IMF 2018). The IMF Public Investment Management Assessment (PIMA) framework 
approaches infrastructure governance in a holistic manner by evaluating 15 different prac-
tices across all phases of the project cycle (IMF 2018; Chaponda et al. 2020). The holistic 
view is critical to sound advice on reform priorities, as there are links between several 
of these 15 practices (for example, project appraisal and project selection; availability of 
funding and monitoring of public assets; management of project implementation and moni-
toring of project portfolio). While PIM practices should be anchored by a strong legal and 
regulatory framework, the PIMA framework insists on the importance of looking beyond 
the institutional design (that is, what exists on paper) and considering the implementation 
(that is, what happens in practice) to understand where key reform priorities lie. Finally, 
Kim et al. (2020) aim at complementing these with the Public Investment Management 
Reference Guide with a particular focus on how to adopt the implied reforms, noting the 
demand for practical guidance.
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4.2 PIM Reforms: Priorities and Challenges

These multi-dimensional tools revolve around the investment project cycle, which includes the 
planning, allocation and implementation phases; and they also consider cross-cutting enabling 
factors. In the planning phase, emphasis is placed on the need for investment plans across the 
public sector (central and subnational governments, state-owned enterprises) to be affordable 
and consistent with the government’s overall development and sectoral strategies, and for 
projects to be carefully appraised. Sound allocation of budget resources to the best projects 
hinges on solid medium-term budget projections, coherence between current and capital 
budgets, consideration given to maintenance and the objective selection of projects for budget 
funding. The implementation phase includes the procurement of projects, the oversight of 
project delivery, mechanisms to ensure availability of funding and the monitoring of existing 
infrastructure assets. Cross-cutting enabling factors include, for instance, staff capacity and 
information technology systems.

The IMF PIMA has been applied to more than 70 countries so far. PIMA scores reveal that 
there is scope for all countries to enhance their PIM practices, bringing prospects of improved 
public investment efficiency (Chaponda et al. 2020). Average PIMA scores, detailed for each 
of the 15 practices, also provide an overview of where PIM weaknesses lie in a typical country. 
Investment planning is often stronger than allocation and project implementation. Appraisal 
and selection processes are frequently among the weakest links. Appraisals often suffer from 
lack of resources and limited skills; but even when resources and skills are adequate, it is 
common that insufficient time is devoted to appraisals, so that projects can be procured and 
delivered sooner. Weak project appraisal affects the quality of information used to select 
projects for inclusion in the budget. And when appraisal information is of high quality, there 
might still be political interference at the selection stage, especially when selection criteria 
are not transparently communicated. Adverse incentives can also play a role in the selection 
process as the best project on paper can also be the one with higher cost or time overruns 
(Flyvbjerg 2009). Another common weakness lies in the monitoring of public assets – only a 
small number of countries keep an up-to-date account of their infrastructure assets and their 
condition, thus preventing the sound calculation of maintenance needs.

Reforms in these areas – for example, shared appraisal guidelines and methodologies, 
funding and capacity development for appraisal, published selection criteria, asset registries –  
can be game changers in avoiding bad projects and in ensuring prolonged life spans of 
infrastructure. But while PIM reforms can significantly contribute to improving the efficiency 
of public investment, governments are often faced with several challenges and shortcomings 
which tend to slow down reform implementation.

Turning sound PIM principles into effects is often difficult. PIMA scores reveal that the 
design of PIM frameworks as set on paper is almost systematically stronger than what happens 
in practice. This gap between institutional design and effectiveness is an important element 
to consider in a PIM reform strategy. For instance, public procurement is, on average, an area 
where the principles of openness, fairness and transparency are relatively well reflected in 
the legal and regulatory framework. However, this is the PIMA practice for which the gap 
between institutional design and effectiveness is the largest (Chaponda et al. 2020). Despite 
good intentions in the legal framework for public procurement, single bidding, direct procure-
ment modalities or unsolicited bids might still be prevalent. Multiyear budgeting is another 
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example of an area where effectiveness can be lagging behind even when institutional design 
is appropriate. While changing a law or a regulation can be done relatively quickly, they are 
usually not met with immediate effects and often require awareness-raising efforts and capac-
ity building over several years.

Coordination among stakeholders is a key ingredient for the successful delivery of PIM 
reforms, but it is difficult to achieve. Public investment projects can involve different minis-
tries, different layers of administration and different public sector entities; and the diversity 
of financing arrangements (budget, external donor funding, public−private partnership) adds 
to the complexity. This creates a coordination challenge. As a high share of public investment 
occurs at the local level, there is a need to foster and improve policy coordination, transparency 
and information sharing across levels of government (Allain-Dupré 2011). For broad PFM 
institutions related to the budget process or to the financial oversight of other public sector 
entities, the Ministry of Finance is usually the lead agency; while for more specific or technical 
areas directly related to project design and management, line ministries and sector regulators 
are on the frontline. For reforms to be successful, a high-level commitment to reform from the 
ministry of finance is critical; but so is buy-in by other stakeholders.

Integration of planning and budgeting functions is one of the major challenges of PIM. 
Instruments that can support it, such as medium-term budget frameworks or public investment 
programs, have been advised and set up on paper, but have displayed relatively weak effective-
ness on average (Chaponda et al. 2020). Political economy also plays a part in the integration (or 
lack thereof). In a majority of countries, planning and budgeting are undertaken by separate enti-
ties, typically the Ministry of Planning and the Ministry of Finance, respectively; a single central 
ministry is responsible for both planning and budgeting in 37 percent of countries (Allen et al. 
2020). Having separate entities is not necessarily less efficient, as evidenced by the successful 
examples of Colombia or Ireland. Further, tensions can be just as strong between departments of 
a single ministry. But these institutional arrangements tend to change often over time, calling for 
new processes, with an uncertain effect on efficiency and effectiveness of investment choices.

At all stages of the public investment process, the government needs a sound legal and 
regulatory framework, reliable information technology (IT) systems and an adequate number 
of trained staff. The legal and regulatory framework should ensure clear mandates, transparent 
criteria, accountability and effective standards and procedures (IMF 2018). As pointed out 
by the OECD (2017) and Pattanayak and Verdugo-Yepes (2020), corruption threats need to 
be mitigated at all stages of the process, including with a risk-based approach and a clear 
delineation of responsibilities. The IT system needs to be comprehensive and integrated to 
best assist decision making and monitoring. Finally, adequacy of staff capacity (numbers 
and skills) is a pre-requisite to implement the principles discussed here. These factors can 
be critical bottlenecks in the success of PIM reforms, especially in lower-income countries. 
Capacity development by institutional partners such as the World Bank or the IMF is helpful, 
but usually occurs across several years.

In the context of the response to a crisis such as the COVID-19 pandemic, a timely and effec-
tive push to invest is recommended, especially in the light of higher fiscal multipliers in times 
of high uncertainty (IMF 2020). But PIM shortcomings, as well as the lack of trained staff 
and reliable IT systems, can hamper absorptive capacity, thus limiting the economic effects of 
a scaling up of investment. Presbitero (2016) indeed shows that, when the public investment 
to GDP ratio is high compared to the past five-year average, the share of project rated as 
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satisfactory is lower, although that effect is small. Gurara et al. (2020) find that this concern 
is sharper in low-efficiency countries, where unit costs increase once public investment is 
close to about 7 percent of GDP, against 10 percent of GDP on average. Melina et al. (2016) 
provide simulations illustrating the merit of smoothing public investment in the presence of 
such absorptive capacity constraints.

It is still possible to ramp up investment in the short run to support the recovery, as 
recommended by the IMF (2020), provided there is some degree of good PIM practice. For 
example, governments can consider focusing on infrastructure maintenance projects, which 
are of smaller size, more quickly delivered and of a limited degree of complexity. Maintenance 
backlogs are large – for example 3.5 percent of GDP (one-off expenditure) for highways and 
bridges in need of repair in the United States (ASCE 2018). The efficiency of this short-term 
strategy still hinges on the ability of governments to identify where the most pressing needs 
are. To do so, an asset registry is required, or, at least, field knowledge of sectoral ministries 
or subnational governments. Another short-term action is to review and, if needed, reprioritize 
ongoing projects, so as to leave fiscal space for new priorities and ensure that projects still 
respond to current needs and their projected financials still rely on realistic assumptions, in 
spite of the crisis. This requires the ability to actively monitor investment projects. Overall, 
while quick fixes or shortcuts are always possible, the recovery timeframe is too short to 
implement a full-fledged PIM reform strategy that would really allow governments to reap the 
full investment efficiency potential.

5.  INEFFICIENCY AND THE OPTIMAL SHARE OF  
PUBLIC INVESTMENT

Given the sizeable concerns about public investment inefficiency, this section explores the 
extent to which this should lead policy makers to adjust the amount of public investment. 
While they should be an area of priority for governments to unlock the potential of their invest-
ment, structural reforms to improve PIM processes as discussed in section 4 take time, and the 
speed and size of efficiency gains reaped from reforms is uncertain. It can thus be realistic and 
cautious to take inefficiency as given when thinking of optimal public investment decisions 
in the short to medium run.3

Despite the growing literature on public investment efficiency, research on the appropriate 
implications for optimal public investment size is scarce. Agénor (2010) assumes network 
effects with which public investment efficiency can increase beyond a public capital stock 
threshold, leading to multiple equilibria, so that a big public investment push can enable 
a country to switch to a higher equilibrium. However, such higher returns may not hold in 
the presence of congestion (Aschauer 1989), and indeed Isham and Kaufmann (1999) and 
Fournier (2016) rather report decreasing marginal returns of public investment. Van der Ploeg 
(2012) discusses the implication of windfall revenues in the presence of public investment 
inefficiency. Berg et al. (2013) run simulations in the presence of public investment ineffi-
ciency in resource-rich developing countries to illustrate that the public investment level needs 
to factor in future maintenance costs which can become excessive when windfall revenues 
stop. More generally, Berg et al. (2019) show that, with a Cobb-Douglas production function, 
the effect of public investment on growth does not depend on efficiency.4 Lower efficiency 
not only reduces the increase in public capital stock for a unit of investment, but also increases 
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the marginal gain from this additional unit as public capital stock is lower, and these two 
mechanisms offset each other.

However, these papers do not discuss the effect of public investment inefficiency on optimal 
public investment levels, and this chapter aims at filling in this gap. The public investment to 
output ratio maximizing consumption in a simple golden-age growth path (Allais 19475) is 
formulated as a function of public investment efficiency.

5.1  Implication of Inefficiency for the Optimal Investment Rate on a Golden-Age 
Growth Path

Output is produced with a constant return to scale production function with an exogenous 
technological progress eλt making use of two factors of production; labor growing at an 
exogenous rate γ that is L(t) = eγt L(0), and public capital K(t)

 Y(t) = F(K(t), eλt L(t)) (15.2)

k(t) denotes capital per unit of effective labor K(t)/e(λ + γ)t L(t), so that the production function 
can be rewritten:

 Y(t) = e(λ + γ)t f(k(t)) (15.3)

where

 f(k(t)) = F(k(t), 1) (15.4)

This analysis which differs from the golden rule of accumulation of capital model presented 
in Phelps (1965) is one aspect only, which is the addition of an efficiency parameter as in 
Pritchett (2000):

 � ε δ= −( ) ( ) ( )K t I t K t   (15.5)

As in Phelps (1965), there is a steady growth path with growth rate g=λ+γ

 � = +( ) ( ) ( )1K t g K t  (15.6)

Hence at the steady state public investment shall compensate capital depreciation and enable 
a rise of capital stock at the same pace as output, and to achieve this investment needs to be 
rescaled to offset inefficiency losses:

 δ
ε

= +( ) ( )I t g K t   (15.7)

When efficiency is not observed, public capital stock is measured with the inventory method 
assuming efficiency is one:

 I(t) = (δ + g)K*(t) (15.8)
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The people consume the production which is not invested:

 C(t) = Y(t) − I(t) ≥ 0  (15.9)

One can thus recalculate the optimal saving rate of the golden rule with capital efficiency 
losses. If f g′ > δ

ε
+( )0  and f k

k

g′ < δ
ε→∞

+lim ( ) , there is an interior solution:
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 δ
ε

= ′ − +( )0 f k g   (15.11)

This provides the optimal capital per unit of effective worker ratio:

 δ
ε

= ′ +







−k t f g( ) 1  (15.12)

Investment needed to sustain this capital level is thus calculated with equation (15.7)
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which can be reformulated as a steady state investment to output ratio
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Two offsetting forces are shaping the optimal ratio of public investment to GDP. On one side, 
to achieve a given capital target one needs more public investment to offset losses if efficiency 
is lower. At the same time, the lower public investment efficiency, the lower the capital target 
should be.

A constant elasticity of substitution (CES) production function enables us to compute the 
condition on the elasticity of substitution for optimal public investment to increase with public 
investment efficiency:

 ( ) = + −
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This specification allows convenient simplifications:

 ( ) ( )
 

′ = + −










θ
θ

θ− −

1
1

1
1

f k a a a k  (15.16)

 ′ =









 −

−





















θ
θ
θ

−

− −

f k

k
a

a

a
( )

  

1
1

1 1

 (15.17)

 ′
′

=










θ−

−

−
( )

( ( ))

1

1

f k
f f k

k
a

 (15.18)

The investment rate is a function of the public capital share in the production function a, 
the elasticity of substitution θ, capital depreciation rate δ, growth rate g and public investment 
efficiency ε, which is the interior solution if θ ≥ 1 or ε > (δ + g)/aθ/(θ–1):6
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The effect of public investment efficiency on the optimal public investment to GDP ratio 
crucially hinges on the complementarity of public capital (equation 15.19 and Figure 15.1). In 
the intermediate case of a Cobb-Douglas production function with θ = 1, this optimal ratio is 
the share of public capital in the production function a. It does not depend on public investment 
efficiency. When efficiency decreases, for a given capital target, the government would need to 
invest more to compensate waste. This is offset by the need to target a lower capital stock. This 
echoes the efficiency paradox identified by Berg et al. (2019), namely, that the effect of public 
investment on growth can increase when efficiency decreases if the elasticity of substitution 
is low. The Cobb-Douglas case delineates the higher complementarity case (θ < 1) in which 
the lower public investment efficiency, the higher public investment should be and the higher 
substitutability case (θ > 1) in which the opposite conclusion holds. A similar finding holds 
if one considers the depreciation rate δ as a measure of public investment inefficiency. In the 
Cobb-Douglas case, the optimal investment ratio does not depend on the depreciation rate, 
and when the elasticity of substitution is high, then a higher depreciation rate implies a lower 
optimal public investment ratio.

This result should be read in terms of complementarity between public capital and private 
production factors which are illustrated here with labor – the model does not include private 
capital for a simple and intuitive exposure. In the same vein, if public investment is highly 
complementary to private capital – like building the roads or railways that connect plants 
to a port, then public investment catalyzes private investment. Thus, when efficiency is low 
and complementarity is high, more needs to be spent to provide those much needed public 
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infrastructures.7 Berg et al. (2019) consider a nested production function with an elasticity of 
substitution between public and private capital and an elasticity of substitution between capital 
and labor and provide conditions on elasticities of substitutions for the efficiency paradox to 
hold, including when private capital is reacting endogenously and during a transition path.8 
This confirms the finding that complementarity between public capital and private factors of 
production generates this paradox. 

The importance of substitutability is intuitive. The high complementarity case applies to 
public investment projects which, for certain reasons, are necessary to enable private sector 
activity, such as the provision of roads to connect industrial plants and people, without which 
these cannot work. Then, even if efficiency is low, the capital target should not be reduced 
much as this is a critical input, and more investment is needed as part of it is wasted. In contrast, 
if the government is providing electricity while private firms can provide alternative sources 
of energy, then the investment is worth it only if it is efficient. Otherwise, better if this is done 
by the private sector.

The effect of public investment on growth in a country which implements the optimal public 
investment ratio can be written as follows:9

 ε∂
∂

= ∂
∂

∂
∂









 = ′ ⋅λ γ

λ γ
+

+

Y
I
I
Y

Y
k
k
I
I
Y

e f k
e L

it
t

( )( )
( )

  (15.20)

Equation (15.11) provides f’(k), such that:
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Note: Theta is the elasticity of substitution between public capital and labor. Steady-state consumption-
maximizing public investment ratio with share of public capital a = 5 percent, depreciation rate of public capital  
δ = 5 percent and growth rate g = 2 percent.

Figure 15.1  Optimal public investment-to-GDP ratio, efficiency and public capital 
complementarity
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This shows that the role of efficiency in the growth effect of public investment is pro-
portional to the role of efficiency in the optimal public investment rate. The effect of public 
investment on growth thus increases with efficiency when public investment is a substitute 
for the private factor of production, while it is the opposite when it is a complement. The role 
of efficiency in shaping effects of public investment on growth is thus an empirical question.

Two empirical approaches lead to consistent conclusions that, in most countries, public 
capital is a substitute to private factors of production. A first approach is to estimate elasticities 
of substitution. An et al. (2019) find an elasticity of substitution between public and private 
capital of around 3.10 At the same time, a Gechert et al. (2019) meta-analysis and recent estimates 
by Chirinko and Mallick (2017) suggest that the elasticity of substitution between capital and 
labor is likely to be close to 0.4. Numerical results from Berg et al. (2019) show that with such 
an elasticity of substitution between capital and labor, the efficiency paradox does not hold for 
an elasticity of substitution between public and private capital above 1.4. All this suggests that 
higher efficiency should lead to a higher effect of public investment on growth in most cases. 
Further, such estimates may be refined to reflect country-specific production features or levels of 
development. A second approach is to explore the effect of growth. Abiad et al. (2016), Furceri 
and Li (2017) and Miyamoto et al. (2020) find that the growth effect of public investment 
increases with efficiency, a result that is consistent with estimates of elasticities of substitution.

Beyond these aggregate results, complementarity of capital may be higher in some areas. 
In particular, Canning and Bennathan (2000) find electricity capacity and road infrastructure 
complementarity with both physical and human capital, suggesting that, in these two areas, 
public investment may need to be higher to reach capital stock targets in the presence of inef-
ficiencies. Also, Arezki et al. (2017) report that the global privatization experiment of the past 
three decades may have held back the supply of large-scale infrastructure projects, suggesting 
that, in some areas, the private sector was a poor substitute.

5.2 Deadweight Taxation Cost, Inefficiency and Optimal Public Investment

As taxation distorts economic choices, there can be a deadweight cost of taxation used to 
finance public investment which is assumed to be equivalent to a penalty g(I(t)) increasing in 
investment on the production function:

 Y(t) = F(K(t), eλt L(t)) − g(I(t)) (15.22)

Without specifying the function g, this formulation can embed any form of taxation which 
is realistic given the complexity of tax schemes in practice. As public investment is only a 
fraction of public expenditure, the deadweight loss of taxation may be linearized as follows:

 ( ) ( ( ), ( )) ( ) ( ( ), ( )) ( )δ
ε

= − − = − − +λ λ
0 1 0 1Y t F K t e L t g g I t F K t e L t g g g K tt t   (15.23)

Assuming that governments implement the least distortive taxes first, the function g shall 
be convex, so that with g(0) = 0, g0 is negative. The optimization problem is similar as the one 
solved above after replacing the function f by �f :

 ( ) ( )� δ
ε

= − − +
0 1f k f k g g g k   (15.24)
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So that the optimal public investment ratio is

 ( )
( )

( )

( ) ( )   

 
� ������������ ������������

�

δ
ε

δ
ε

δ
ε

δ
ε

δ
ε

= = +
′ + +









′ + +

















 − − + ′ + +









−

− −

1

1 1

1
1

1
1 0 1

1
1

i I t
Y t

g
f g g

f f g g g g g f g g
i to reach k

k target

 (15.26)

With a CES production function, this can be reformulated:
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In practice, while taxation deadweight cost can have an effect on the optimal level of public 
investment, its effect on the sensitivity of optimal investment with respect to efficiency is 
a second order issue. This is illustrated with Figure 15.2, with an arbitrarily high marginal 
(respectively average) deadweight cost of 1 percent of public investment equivalent to 
1 percent (respectively 0.6 percent in the Cobb-Douglas case). This calibration implies a large  
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0%

2%

4%

6%

8%

10%

12%

14%

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Public investment efficiency

Optimal investment-to-GDP ratio

Note: Theta is the elasticity of substitution between public capital and labor. Steady-state consumption-
maximizing public investment ratio with share of public capital a = 5 percent, depreciation rate of public capital 
δ = 5 percent, growth rate g = 2 percent and a marginal deadweight cost associated with one percent of public 
investment equal to one percent of GDP, and an average cost of 0.005 percent.

Figure 15.2  Optimal public investment-to-GDP ratio, efficiency and public capital 
complementarity in the presence of deadweight taxation
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reduction of the optimal public investment ratio to reduce the deadweight tax cost. Even so, 
the effect of efficiency on the optimal public-investment-to-GDP ratio is almost not affected 
by deadweight taxation. In particular, in the Cobb-Douglas case, this optimal public investment 
ratio is almost independent from public investment inefficiency. This is because the marginal 
cost of taxation is not very different in a high-efficiency country and in a low-efficiency country.

6.  CONCLUSION

In sum, there is a strong case for ‘investing in investing’ as Collier (2007) says. Governments 
should devote time, energy and money to understanding the causes of investment inefficiency 
and ways to provide remedies. Improving efficiency has an unambiguous direct effect on 
output and welfare.

However, this is easier said than done, and public investment inefficiency remains perva-
sive. Even if many efforts have been made, issues such as weak project appraisal, insufficient 
maintenance, inadequate project selection or corruption remain topical today. Improving 
efficiency can only be achieved with deep changes that require time, government capacity and 
strong commitment to reform.

Being cognizant of the difficulty in reaching the first best of full efficiency, policy makers 
can also be guided by a second best – what is the appropriate level of public investment in the 
presence of inefficiency? The analysis of this chapter shows that the implication of inefficiency 
for the optimal public investment to GDP ratio crucially hinges on complementarity with 
private factors of production. The most common case is likely to be one with enough substitut-
ability for an optimal public investment to GDP ratio to increase with efficiency. But when a 
public investment project is highly complementary to private factors of production, it can be 
worth spending more public money to boost utility even if efficiency is low. This is similar to 
the efficiency paradox discussed by Berg et al. (2019), who focus on the growth effect. This 
result can also encourage policy makers to prioritize projects with the highest complementarity 
with private factors, especially in countries where public investment inefficiency is a sizeable 
concern.

Given the crucial interconnection between investment efficiency and the complementarity 
between public capital and private sectors of production discussed in this chapter, empirical 
works linking estimates of this complementarity, public investment efficiency and economic 
outputs are needed. Beyond estimates discussed here, which shed some light on dominant 
features that emerge from worldwide analysis, more granular analysis could better inform on 
appropriate investment levels in low-efficiency countries. Complementarity can vary across 
sectors, and may depend on institutions. It may also depend on investment efficiency itself 
as low efficiency can be associated with a selection of projects which could have been done 
better by the private sector. In such a case, a critical remedy in low-efficiency countries would 
be to focus public investment on projects for which the case of complementarity with private 
factors of production is the strongest.

More broadly, public investment efficiency should remain a key area of research, as dis-
cussed in Kangur and Papageorgiou (2017). Key empirical and theoretical questions remain 
open. Effects of public investment efficiency changes on transitional growth could be explored 
further. Also, Kangur and Papageorgiou (2017) note that public investment efficiency could 
affect the level of technology, creating externalities and hence affecting growth even at the 
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steady state in an endogenous growth model, as in Romer (1986) and Lucas (1988). This could 
reflect an effect of public R&D – which is part of public investment since the introduction of 
the 2008 System of National Accounts. Compared to physical investment, one possible differ-
ence is that basic research – the part of public R&D that is likely to less substitute for private 
research – may be non-rival, so that countries with inefficient public R&D may find it optimal 
to free ride and may hence prefer a low investment-to-GDP ratio even if complementarity is 
high. Further, the effect of public investment efficiency may interact with other factors. For 
instance, Buffie et al. (2012) show that low public investment efficiency can affect public 
debt sustainability. Finally, there is a lack of empirical work measuring variations in public 
investment efficiency over time.

NOTES

 1. Jean-Marc Fournier and Fabien Gonguet were economists in the Fiscal Affairs Department of the IMF when 
writing this chapter. The authors thank Tewodaj Mogues, John Spray and Eivind Tandberg for useful comments 
and suggestions. The views expressed in this chapter are those of the authors and do not necessarily represent the 
views of the IMF, its Executive Board or IMF management.

 2. Calderón et al. (2015) address this issue with estimates of a production function with a synthetic measure of 
infrastructure outputs instead of a monetary measure.

  3.  If  public  investment  efficiency  is  improving,  the  public  capital  stock  target  should  be  higher  and  past  stock 
affected by lower efficiency, quantitative output targets like kilometers of roads should thus be increased. Whether 
this should translate into an increase in public investment amounts or not is ambiguous as less public investment 
is required to achieve the same output objective.

  4.  With a similar Cobb-Douglas production function, Hulten (1996) also noted that efficiency affects the level rather 
than the growth rate.

 5. Allais (1947) was largely unnoticed and the golden rule of accumulation of capital was popularized later by Phelps 
(1961, 1965). The presentation used here follows closely Phelps (1965).

  6.  In practice, the second condition would not hold only when efficiency of public capital is very close to zero.
 7. In a steady-state growth path, private investment would depend on the provision of public infrastructure, so that a 

model with private investment could be nested in the model presented here – the function f introduced in equation 
(15.4) would embed the effect of public investment on output via private investment.

 8. Berg et al. (2019) discuss threshold values for elasticities of substitutions with a nested CES production function 
including both public and private capital.

  9.  By contrast, Berg et al. (2019) assume that public investment to GDP ratio does not vary with efficiency. As it shall 
not vary with public investment efficiency in the Cobb-Douglas case anyway, in this case the results are similar.

10. An et al. (2019) cannot exclude that within advanced economies, elasticity of substitution between public and 
private capital could be one. However, this result is surrounded by a large uncertainty.
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1. INTRODUCTION

This chapter analyzes the factors that generate economic growth and social progress in 
Colombia, a good example of a developing country. Two perspectives are taken into consid-
eration: i) the potential convergence in rates of growth in the different regions,1 and ii) the 
dependence of growth on the availability of public infrastructures.

Regarding the first of these perspectives, sustainable growth rates need to be convergent in 
order to reduce economic differences among regions and thereby avoid political instability and 
armed conflicts, a situation that has defined Colombia’s recent history (González et al., 2022).

During the late 1980s, economic convergence was observed with the slowdown in growth in 
countries such as the United States, while others, such as Japan, grew at high rates. Economic 
convergence, understood as the process by which countries with less capital per employee tend 
to grow faster in per capita terms than those with a higher capital/labor ratio (Sala-i-Martín, 
2000), is the result of the traditional approach to measuring economic growth developed by 
Solow (1957). A similar research agenda focused on productivity and postulated that the 
relative slowdown in productivity in the United States and European countries may be due to 
a natural process of convergence; in this way, countries with a lower level of productivity can 
catch up to those with a high level of productivity (Wu, 2000).

Baumol (1986) considered the empirical results for developing countries and found an 
apparent trend toward convergence within some groups of countries (industrialized, intermedi-
ate and less developed) but not between these groups. In fact, convergence is only observed 
in the group of industrialized economies, but there is no clear pattern for the rest of the 
groups. Considering the case of less developed countries, Baumol (1986) observed that the 
transmission process for knowledge, which helps the catching-up process, does not appear to 
be present, which causes divergence in the rates of economic growth. A similar conclusion was 
obtained in a more recent study (Juknys et al., 2017), suggesting that inequity is persistent and 
growing in developing economies. Considering these results, our objective here is to verify 
the extent to which divergence in economic growth is present among Colombian regions with 
different levels of development. To answer this question, we use frontier methods to estimate 
the basic components of the total factor productivity change (technological change and techni-
cal efficiency change) that can have a direct impact on the levels of economic growth (see 
foundations about efficiency in Farrell (1957)).

From the second perspective, as economic growth is dependent on the consumption of 
inputs, the efficient provision of public capital to provide infrastructure services is one of the 
most important tools for development policies, especially in emerging economies. The absence 
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of adequate infrastructures, as well as the inefficient provision of infrastructure services, 
therefore, constitute major obstacles to the effective implementation of development policies 
to obtain successful economic growth rates. Countries need to expand and modernize their 
basic infrastructure to achieve maximum levels of coverage across all their territories. This 
will help to provide the infrastructures that economic agents and individuals require. Here lies 
our second orientation: private and public capital investments are considered as driving factors 
for economic growth in the estimations.

The technique used is an evolution of Nishimizu and Page (1982) and Wu (2000), which 
allows the decomposition of productivity growth into technical efficiency change and techno-
logical progress. Our proposal defines a stochastic frontier econometric model, applied to 23 
Colombian regions for the years 1996 to 2009. Our results contribute a new perspective to the 
literature, as the joint consideration of private and public capital investment is not common in 
developing countries.

Results show that Colombian regions do not converge in terms of output growth caused 
by technical efficiency change. These results are significant before and after considering the 
availability of public capital. However, the gap is not growing because of the incapacity for 
big regions to generate technological progress. The obvious implication is that plans must be 
put in place to bring down levels of inefficiency in less advanced regions and to promote more 
consistent technological progress.

2. THEORETICAL FRAMEWORK

To estimate the levels of technical efficiency, this research defines a stochastic frontier translog 
production function. Unlike the traditional growth accounting method, this orientation makes 
it possible to lower the potential output level due to the presence of inefficiency (Wu, 2000). 
The panel data version for this model can be expressed as follows:

 … …= = =( , ), , , ; , , .1 1y f x t t T i Nit
f

it  (16.1)

The first term of the equation refers to the level of production at the frontier for region i 
in year t, based on the existing technological knowledge. Now, the observed product or yit, 
considering the available levels of inputs xit and the potential inefficiency, can be represented 
mathematically as follows:

 Yit = yf .TEit = f(xit, t) .TEit. (16.2)

where TEit is the technical efficiency coefficient, which can be defined as the quotient of the 
observed output over the potential level of output at the efficient frontier. Using derivatives 
with respect to time, the above equation can be transformed into:

 � � �= + +y f x f TEit x it t it  (16.3)

where the dotted variables stand for the derivatives with respect to time; ft and fx are the 
elasticities of the product with respect to t and a x.
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With regard to equation (16.3), and in relation to the traditional growth accounting method, 
Solow (1957) attributed the growth in production to the increase in the level of input consump-
tion and to technological change. However, equation (16.3) enriches the Solow dichotomy by 
attributing the progress of the observed product to a movement along a path at or below the 
production frontier (input growth), a movement to or from the production frontier (change in 
technical efficiency) and changes in the production frontier (technological progress or regress). 
This process is described graphically in Figure 16.1.

Points a1 and a2 in Figure 16.1 represent the observed level of the production of y1 and y2, 
respectively, for a specific region, corresponding to the time periods 1 and 2. Additionally, best 
practice outputs are represented by the points b1 and b2. The difference between the observed 
output and its respective best practice is the technical inefficiency. Changes between the two 
time periods, measured as the difference between TE1 and TE2, provide the change in technical 
efficiency. Mathematically, it can be represented as follows:
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      .
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According to identity (16.4), the variation in the output level (y2 − y1) can be decom-
posed into: (1) output growth generated by the technological change (progress or regress) 
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Source: Authors after Wu (2000).

Figure 16.1 Decomposing the driving factors of output growth
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� = −(  )2 12TCH y yf , (2) output growth derived from the increase in the input consumption 
( )−12 1y y f  and (3) output growth due to the change in technical efficiency � ( )= −  1 2TE TE TE . 
Equation (16.4) indicates that the variation in the total factor productivity, which is understood 
as the growth of the product that is not being explained by the variation in inputs, can be 
expressed as follows:

 � � �= + = … = … , , , ;  ,  , .1 1TFP TCH TE i N t Tit it it  (16.5)

Equation (16.5) is the cornerstone of our empirical work, since conventional techniques of 
accounting for economic growth, such as that of Solow (1957), do not distinguish between 
technological change and changes in technical efficiency. Following Nishimizu and Page 
(1982), these components are analytically distinct and can have quite different implications 
from the policy making perspective. Faced with technological progress, it can be interpreted 
as the result of the innovation of the best practice frontier, while technical efficiency change, 
among other possible causes, can be expressive of the convergence process (Wu, 2000).

3.  LITERATURE REVIEW

This section presents the results of a systematic literature review. The objective is to identify, 
after the seminal work of Nishimizu and Page (1982), the most relevant empirical applications 
that have contributed to the research field using the productive efficiency approach. Based on 
the above, five key connectors are identified to include in the search engines, which are applied 
in the Web of Science (WoS) and Scopus platforms. The keywords used are: Productivity and 
Technical Efficiency, Technological Progress, Frontier and Economic Growth.

The search equation with these keywords identified 32 articles (published in 30 academic 
journals between 2000 and 2020) that include our keywords in their title or abstract. These 
articles each received an average of 13.59 citations. We then identified which estimation 
method, parametric or non-parametric, the authors of these papers used to determine the 
drivers of economic growth. Table A16.1 in the Appendix contains this information. It appears 
that stochastic parametric methods are the most common estimation method when accounting 
for economic growth.

Given our empirical orientation, we proceeded to analyze in detail the scientific articles that 
have used the parametric approach. Wu (2000) analyzes the overall Chinese economy, and was 
one of the first scholars to take this orientation, since previous studies focused on the agricultural 
and industrial sectors. The author uses a stochastic frontier model with a translog production 
function to estimate the behavior of productivity, and decomposes it into technological progress 
and changes in technical efficiency, for Chinese provinces, using regional GDP as an output 
variable for the years 1981 and 1995. The study concludes that the results of technical efficiency 
change for the provinces of China have converged rapidly since the early 1980s as a result of the 
economic reform that took place at the end of the 1970s. Özyurt and Guironnet (2011) draw a 
similar conclusion, arguing that, during the period 1994–2006, the results indicate a surprising 
trend toward convergence among the Chinese provinces, which tend to compensate the negative 
scale effects by increasing production efficiency through technological progress.

Similarly, Li and Liu (2011) examine economic growth and total factor productivity in the 
Chinese provinces after the reform carried out in the late 1970s. To do this, they use a stochastic 
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frontier model with a translog production function incorporating human capital, measured 
by the years of schooling of the population. The main objective of the study is to estimate 
the attributes of economic growth for the years between 1986 and 2006 which, according 
to the authors, are: i) input growth, ii) the adjusted scale effect, iii) technical progress and 
iv) efficiency growth. The results of the study indicate that the growth in inputs is the main 
driver of economic growth, and the availability of human capital is inadequate, although it has 
a positive effect on the output growth. Additionally, the technological progress explains an 
important percentage of productivity growth.

Referring to the role of human capital in the Chinese provinces, Zhou et al. (2011) find, 
for the period 1985–2008, that the average elasticity of labor production is greater than the 
other two inputs of capital and human capital. In addition, the effects over time of technical 
efficiency in the post-reform Chinese economy is significantly dependent on the growth of 
inputs, highlighting differences in efficiency levels across regions.

In their study of 15 former Soviet Union countries, Arazmuradov et al. (2014) use a 
stochastic frontier for the period 1995–2008. They find that human capital improves technical 
efficiency. In addition, human capital has a positive impact on total factor productivity, which 
in turn stimulates growth in the level of GDP.

A more recent study by Brock and Ogloblin (2018), using a stochastic frontier model and a 
translog production function for the Russian economy, examines technical inefficiency change, 
technological progress and returns to scale during the cyclical expansion of 1998–2007. Their 
objective is to include both branches of activity that contain the market and the non-market 
economies. The services sector, together with the production of goods with a high intensity of 
skilled labor, has proven to be relatively more efficient than traditional manufacturing Soviet-
era production sectors. In the time window analyzed, technical efficiency change decreased 
notably during expansion, while technological progress increased (Brock and Ogloblin, 2018).

Han et al. (2002), study the sources of economic growth between 1987 and 1993 for Hong 
Kong, Singapore, Japan and South Korea. They estimate a Cobb-Douglas stochastic frontier 
production function using information from 20 manufacturing sectors. The approach used 
allowed the authors to decompose the growth of total factor productivity into changes in 
technical efficiency and technological progress. The results identify the positive relationship 
between the increase in inputs as the main source of economic growth in the countries of East 
Asia. In addition, they provide statistical evidence to support positive changes in technical 
efficiency. For a specific region, the northeast of China, Ganzhou (2011) estimates a panel 
of data for the period 1978–2008, concluding that the contribution of input growth gradu-
ally reduces its impact on the level of output growth, while the contribution of total factor 
productivity becomes stronger. Similarly, technological progress increases continuously, 
and technical efficiency grows slowly, a scenario that can impact the sustainable growth of 
the region.

Liao et al. (2007) study the behavior of the manufacturing sector using a stochastic frontier 
model and specifying a translog production function for the economies of South Korea, the 
Philippines, Hong Kong, Indonesia, Malaysia, Singapore and Taiwan between 1963 and 1998. 
Their article focuses on analyzing technological progress, the behavior of technical efficiency 
and the change in productivity in economic growth. From the results, the authors conclude that, 
although the accumulation of higher inputs is the main source of output growth, the positive 
variation in total factor productivity represents an increasing proportion of the output growth, 
explained by the advances made in technical efficiency change. Shao and Lin (2016) assess 



Efficiency and economic growth: A panel analysis of Colombian regions  361

the production performance for information technology services in twelve OECD countries 
in the years 2000 to 2011, finding an annual growth rate of 7.4 percent in production in this 
activity. The behavior of the information services industry varies in each country, resulting in 
strengths that become sources of competitive advantage, or weaknesses that could be drivers 
to improve performance.

In their Chinese case study, Shi et al. (2017) estimate the technical efficiency of the forestry 
sector and the growth of total factor productivity for the period 2004–15, using a stochastic 
frontier model. They find general inefficiency in forestry production and an average technical 
efficiency of 0.546 during the time period considered. Similarly, Liu and Tsai (2021) define a 
stochastic frontier analysis approach and a flexible translog production function, considering 
a neutral technological progress. The research aimed to evaluate the behavior of technical 
efficiency, technological and scale change, as well as the change in total factor productivity. 
The study explores the convergence in the Chinese hotel industry with star ratings in 31 prov-
inces, municipalities and regions for the years 2001–15. The results indicate that the change in 
total factor productivity in the hotel industry was generally favorable and was driven by both 
technical efficiency change and technological change.

Another study that analyzes the changes in productivity between countries, and that breaks 
this down into technical efficiency and technological progress, is that of Lee and Cheng (2011). 
This article studies the cases of Philippines, Singapore, Malaysia, Thailand and Indonesia, 
using a stochastic frontier model with the specific temporal pattern for technical efficiency 
for the period 1981–2003. The authors define an estimation of a unique temporal pattern of 
changes in productivity in each country. The empirical results indicate that, during the study 
period, growth in Singapore and Malaysia was largely driven by technological progress and 
the accumulation of inputs, while growth in Thailand derived from an improvement in the 
technical efficiency change and by the growth of input consumption.

Colino et al. (2014) analyze the determinants of the increase in total factor productivity for 
26 OECD member countries between 1965 and 2010, studying technical efficiency and tech-
nological progress. Taking as a reference the economies of the European Union, they found 
different patterns of productivity growth between world technology leaders and countries with 
low initial levels of productivity, implying that changes in efficiency may be the main result 
of the evolution of the stock of knowledge in technologically dependent advanced economies.

For the European Union (EU), Brock and Ogloblin (2014) use a stochastic frontier model to 
econometrically estimate how technical efficiency, technological progress and returns to scale 
contributed to the economic growth of EU member countries for the years 1979–2000, includ-
ing years of schooling as a proxy for human capital. They find that technical inefficiency, in 
general, is low. However, it diverges over time, with almost no displacement of the aggregate 
frontier.

For a 30-year time frame (1980–2010), and a sample of 140 countries,2 as well as incor-
porating both physical and human capital and labor into the production function, Mamonov 
and Pestova (2015) add the aggregate index of institutional development designed by the 
Fraser Institute and the WDI indicators of infrastructure conditions. The results show faster 
technological progress in developing countries than in the more developed economies.

In summary, we found a gap in the literature for articles estimating total factor productiv-
ity using the stochastic frontier approach for Latin American countries. In this context, our 
application to the case of Colombia is particularly significant because of the economic and 
political events of recent decades.
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4.  MODEL TO ESTIMATE

To meet the objectives set out in the introduction, we will define a translog production 
function that can be estimated using a stochastic frontier process. This production function is 
supposed to observe a non-neutral technological change (as the change in the marginal rates 
of input substitution depends on the existing levels of L and K). The precise definition of the 
translog production function3 is as follows:
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under the following restrictions:

 εit = vit + uit (16.7)

where, Y, L and K stand for output, labor and capital inputs, respectively. In addition, αi, βj, γk 
and ηl are parameters to be estimated. The error term εit combines white noise, vit, and the term 
associated with technical inefficiency, uit. It is assumed that vit and uit are independently dis-
tributed, and have normal distributions with zero means and constant variations, σ 2

u  and σ 2
v .

As indicated in the introduction, the originality of our proposal is the introduction of public 
capital, so the original translog production function is transformed as follows:
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where Git stands for the stock of public capital for unit i in time period t.
Equations (16.6) and (16.8) are estimated by maximum likelihood. In these models, follow-

ing Battese and Coelli (1992), the inefficiency component is modeled as time variant:

 uit = exp{−h(T – ti)} ui (16.9)

where σ( )+~ , 2u N ui u
In equation (16.9), when η > 0, the degree of efficiency increases over time and when  

η < 0 the degree of efficiency decreases over time. In the last period ti=T, then, inefficiency 
is in base-level (uiT = ui).

Equation (16.10) indicates the variation in technical efficiency:

 � = − = … = …− ,  , , ;  ,  , .1 11TE u u i N t Tit it it  (16.10)
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Likewise, technological change, for the translog production function of equation (16.8), can 
be obtained from the derivative of the output with regard to time:

 ln ln ln .α α β γ τ= + ⋅ + ⋅ + ⋅ + ⋅1 2 1 1 1
�TCH t L K Git it it it  (16.11)

5.  DATA

To estimate the models proposed, GDP is taken as output while total number of employees 
(L), private capital (K) and public capital stock (G) are the variables taken as inputs for the 
Colombian regions. GDP, K and G are taken from Vallecilla (2011), following the guidelines 
of the Simplified System of Regional Accounts (SSCD) in version 3 of the National Accounts 
System, updated to 2008. The time frame spans 14 years, beginning in 1996 and ending in 
2009. The number of employees was taken from National Statistics Department (DANE) 
(2020) information on the annual average of employed persons per region obtained through 
the Large Integrated Household Survey (GEIH).

Table A16.2 in the Appendix reports descriptive statistics, at regional level, for these 
variables. There are observable differences between the three large regions (Bogotá, D.C., 
Antioquia and Valle) and the rest. These three regions account for around 55 percent of the 
total GDP.

Regarding capital investments, the descriptive statistics show considerable differences 
among regions. While in the large regions private capital represents around 35 percent of the 
total investments (54 percent in Antioquia), in small regions this percentage is substantially 
lower (around 9 percent in Chocó). This means that estimations that do not incorporate the 
presence of public capital investments—as in the original model represented in equation 
(16.6)—may be biased because they fail to account for a relevant input variable. In these 
circumstances, the extended model—presented in equation (16.8)—appears to be a better 
approximation of the Colombian production process.

6.  RESULTS

The results of the estimations specified in equations (16.6) and (16.8) are presented in Table 
16.1. Variables in the model were scaled to have unit means, so that the first-order coefficients 
of the translog functions can be interpreted as elasticities of output with respect to inputs 
evaluated at the sample means (Coelli et al., 2005); this also serves to reduce multicollinearity 
in polynomial or interaction-effect models (Hamilton, 2012).

The models appear to be plausible and quite stable without significant changes in signs. 
The sum of first-order coefficients (β0, γ0 and τ0 in the extended model) is less than one in both 
models, so decreasing returns to scale are present at the sample mean. It is also confirmed 
with statistical significance that technical progress seems to decrease with the magnitude of 
private capital input (as γ1 < 0) but not with the level of public capital input (because, without 
having statistical significance, τ1 is very close to zero). Regarding the characteristics of the 
inputs, labor and private capital appear to be complementary inputs (as observed in the sign 
and significance of η2, but only in the original model). Additionally, coefficients related with 
public capital (τ1 and η4) indicate that the elasticity of this input is very low.4 These results are in 
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line with Holtz-Eakin (1994), Pereira and De Frutos (1999) or Montolio and Solé-Ollé (2009), 
expressing a potential negative effect of congestion. Finally, to compare the two models, we 
conduct the likelihood-ratio test finding that the extended model fits better with the data than 
the original model.5

The discrete variables in the model were scaled to have unit means so that the first-order 
coefficients of the translog function can be interpreted as elasticities of output with respect to 
inputs evaluated at the sample means (Coelli et al. 2005).

The estimations allow us to determine the specific level of technical efficiency change 
�( )TEit , the technological change �( )TCHit , which may be technological progress or regress, 

and the impact of total factor productivity on the output growth.
The average values corresponding to �TEit  for the 23 Colombian regions (according to the 

original model and extended models) are presented in Table 16.2. The general picture is that 
technical efficiency decreases over time (as η is negative and significant in both models). It 
appears that regional disparities are sustained as interior regions with larger size present better 
results than those located on the coast. This means that smaller regions find it more difficult to 
reach their reference frontier, which hinders convergence in terms of output growth. The list 
of fastest growing regions based on technical efficiency change is very stable, which indicates 
that the potential for further improvements may be exhausted, so future economic growth 
should be based on innovations.

Table 16.1 Results of the estimation translog production function

Original model (16.6) 
coefficients

Extended model (16.8) 
coefficients

α0 0.263*** 0.313***
α1 0.013*** 0.014**
α2 0.006*** 0.006***
β0 0.426*** 0.337**
β1 −0.006  −0.007
γ0 0.240*** 0.318***
γ1 −0.007***  −0.006**
τ0  - 0.082
τ1  -  0.004
η1 0.011  0.278
η2 0.146* −0.013
η3 0.010 0.062*
η4  -  −0.438***
η5  -  0.149
η6  -  0.014

Notes: (*) p < 0.1; (**) p < 0.05; (***) p <0.001.

Source: Authors’ calculations.
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Results from the extended model for �TEit  coincide. Hence, changes in the levels of technical 
efficiency do not help to produce convergence in the rates of output growth because smaller 
regions have problems catching up to their reference frontier (Abramovitz, 1986). These 
movements generate severe difficulties for them to converge in terms of output growth.

Summing up, results indicate that the lack of convergence is confirmed for both the original 
and the extended models.

We now turn to the levels of technological change �( ). TCHit  Table 16.3 presents the 
results from the original and the extended models. Contrary to what is shown in Table 16.2, it 
appears that smaller regions are able to obtain greater technological change than larger ones. 
In fact, Valle, Antioquia and Bogotá, D.C. generate a negative, close to zero, average level of 
technological change. This situation is similar in both scenarios, the original and the extended 

Table 16.2 Technical efficient change 

 Original model (16.6) Extended model (16.8)
Region Mean Min Max Mean Min Max

Santander   0.000    0.000    0.000 −0.001 −0.001    0.000
Valle −0.001 −0.001    0.000 −0.004 −0.005 −0.001
Antioquia −0.001 −0.001 −0.001 −0.003 −0.003 −0.001
Cundinamarca −0.001 −0.001 −0.001 −0.004 −0.005 −0.001
Bogotá, D.C. −0.002 −0.002 −0.002 −0.001 −0.002 −0.002
Bolivar −0.002 −0.002 −0.002 −0.004 −0.005 −0.002
Atlántico −0.003 −0.004 −0.003 −0.009 −0.011 −0.003
Boyacá −0.004 −0.004 −0.004 −0.010 −0.012 −0.004
Tolima −0.005 −0.005 −0.004 −0.008 −0.010 −0.005
Meta −0.005 −0.005 −0.005 −0.010 −0.012 −0.005
Huila −0.005 −0.005 −0.005 −0.011 −0.014 −0.005
Cesar −0.006 −0.006 −0.005 −0.001 −0.001 −0.006
Magdalena −0.006 −0.006 −0.006 −0.002 −0.003 −0.006
Norte de Santander −0.006 −0.007 −0.006 −0.012 −0.015 −0.006
Nariño −0.006 −0.007 −0.006 −0.010 −0.012 −0.006
Caldas −0.007 −0.008 −0.007 −0.015 −0.019 −0.007
Risaralda −0.007 −0.008 −0.007 −0.015 −0.019 −0.007
Córdoba −0.008 −0.008 −0.007 −0.013 −0.016 −0.008
La Guajira −0.008 −0.008 −0.007 −0.013 −0.016 −0.008
Cauca −0.009 −0.010 −0.009 −0.022 −0.028 −0.009
Quindío −0.012 −0.012 −0.011 −0.017 −0.021 −0.012
Sucre −0.014 −0.015 −0.014 −0.017 −0.021 −0.014
Chocó −0.022 −0.024 −0.021 −0.029 −0.036 −0.022

Source: Authors’ calculations.
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models. These results indicate that more advanced regions seem to have exhausted their tools 
and capacities to innovate in order to generate technological progress. Overall results are in 
line with those described by Özyurt and Guironnet (2011), where �TEit component decreases 
while �TCHit increases (see also Brock and Ogloblin, 2014, 2018).

Table 16.4 presents the aggregated results of the two components on the levels of output 
growth due to the Total Factor Productivity Change ( �TFPit, as formalized in equation 16.5). In 
both cases we see how the impact of technological change dominates the movements of techni-
cal efficiency change, so the classification of Colombian regions according to their movements 
on Total Factor Productivity does not differ substantially from what is presented in Table 16.3. 
These results indicate that more advanced regions seem to be unable to compensate for the lack 
technological progress by improving their levels of technical efficiency change.

Table 16.3 Technological change 

 Original model (16.6) Extended model (16.8)
Region Mean Min Max Mean Min Max

Chocó 0.061 0.025 0.101 0.048 0.012 0.088
La Guajira 0.057 0.021 0.092 0.053 0.018 0.087
Quindío 0.045 0.009 0.082 0.037 0.000 0.074
Sucre 0.043 0.006 0.082 0.033 −0.004 0.072
Cesar 0.041 0.004 0.077 0.033 −0.005 0.070
Huila 0.037 0.001 0.073 0.034 −0.001 0.071
Meta 0.036 0.002 0.070 0.034 −0.001 0.068
Nariño 0.035 0.000 0.071 0.028 −0.008 0.064
Norte de Santander 0.034 −0.002 0.071 0.029 −0.006 0.066
Magdalena 0.034 0.000 0.070 0.027 −0.008 0.063
Risaralda 0.029 −0.006 0.066 0.025 −0.010 0.062
Tolima 0.028 −0.008 0.065 0.024 −0.011 0.061
Cauca 0.027 −0.005 0.061 0.024 −0.008 0.057
Boyacá 0.027 −0.010 0.065 0.027 −0.010 0.065
Caldas 0.027 −0.010 0.065 0.023 −0.014 0.061
Córdoba 0.025 −0.009 0.061 0.020 −0.014 0.056
Bolivar 0.017 −0.018 0.053 0.015 −0.020 0.051
Santander 0.016 −0.020 0.053 0.018 −0.019 0.055
Cundinamarca 0.013 −0.022 0.048 0.013 −0.023 0.048
Atlántico 0.012 −0.022 0.047 0.010 −0.023 0.046
Valle 0.002 −0.033 0.038 0.004 −0.031 0.041
Antioquia −0.003 −0.038 0.034 0.003 −0.032 0.040
Bogotá, D.C. −0.012 −0.047 0.024 −0.004 −0.038 0.032

Source: Authors’ calculations.
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Table 16.4 Total factor productivity change 

 Original model (16.6) Extended model (16.8)

Region Mean Min Max Mean Min Max

La Guajira 0.049 0.013 0.085 0.04 0.002 0.079

Chocó 0.039 0.001 0.08 0.019 −0.024 0.066

Cesar 0.035 −0.002 0.072 0.032 −0.006 0.064

Quindío 0.033 −0.003 0.071 0.02 −0.021 0.062

Huila 0.031 −0.005 0.068 0.023 −0.015 0.065

Meta 0.031 −0.003 0.065 0.024 −0.013 0.064

Sucre 0.029 −0.01 0.068 0.016 −0.025 0.058

Nariño 0.028 −0.007 0.065 0.018 −0.02 0.058

Magdalena 0.028 −0.006 0.064 0.025 −0.011 0.057

Norte de 
Santander 0.028 −0.009 0.065 0.017 −0.022 0.059

Tolima 0.023 −0.012 0.061 0.016 −0.022 0.057

Boyacá 0.023 −0.015 0.062 0.017 −0.022 0.061

Risaralda 0.022 −0.013 0.059 0.01 −0.029 0.055

Caldas 0.02 −0.017 0.058 0.008 −0.033 0.054

Cauca 0.018 −0.014 0.052 0.002 −0.036 0.048

Córdoba 0.018 −0.017 0.054 0.008 −0.03 0.048

Santander 0.016 −0.02 0.053 0.017 −0.02 0.054

Bolivar 0.015 −0.02 0.051 0.011 −0.025 0.049

Cundinamarca 0.012 −0.024 0.047 0.009 −0.029 0.047

Atlántico 0.008 −0.026 0.044 0.001 −0.034 0.043

Valle 0.001 −0.034 0.038 0 −0.036 0.04

Antioquia −0.004 −0.039 0.033 0 −0.035 0.039

Bogotá, D.C. −0.014 −0.048 0.022 −0.005 −0.04 0.03

Source: Authors’ calculations.

7.  CONCLUSIONS

Following the seminal proposal by Nishimizu and Page (1982), this study estimates a stochas-
tic translog production frontier to determine the factors driving the total factor productivity 
change of Colombian regions. After completing the literature review, two situations were 
found: from the theoretical approach, empirical applications developed diverse proposals to 
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introduce human capital, but none of them included the presence of infrastructures provided 
by public capital as an additional production factor that could complement existing levels 
of private investments. From the empirical perspective, we found no applications for Latin-
American countries. In light of these gaps, this paper develops an empirical application that 
considers these two situations.

Two translog frontier production functions were estimated. The original one—formalized 
in equation (16.6)—considers the standard variables (GDP as output, number of employees 
and private capital investments as inputs), and the extended model—formalized in equation 
(16.8)—incorporates an additional input (public capital stock) to the variables included in 
model (16.6). The data considers Colombian regions for 14 years (1996–2009). These two 
models were estimated to determine: (1) the extent to which convergence exists among 
Colombian regions in terms of output growth, (2) the bias (if any) arising from the incomplete 
definition of the technology in quantifying the total factor productivity and (3) the technologi-
cal characteristics of public capital as an additional input in the production function.

The overall conclusion is that the impact of the total factor productivity on output growth 
is more significant in less advanced and smaller regions, a situation that coincides in both the 
original and the extended estimations (so, �TFPit  rates can help to obtain convergence on output 
growth). These results confirm that inefficiency in less developed regions is causing strong 
divergence in terms of growth rates, but advanced regions are unable to generate technological 
progress. Active plans are therefore needed to stimulate the proper use of available resources 
in less developed regions. Another possible driver of economic growth is the equilibrium 
of public and private capital provisions, as clear indications of disequilibria are present in 
Colombian regions. This situation can cause unavoidable bottlenecks and congestion in the 
process of generating economic growth from capital stock investments.

One limitation of the study is that the panel data could not be extended to more recent years; 
we will attempt to overcome this challenge in future applications (this problem was caused by 
a change in the methodology used to provide the statistical information). Additional extensions 
might consider the driving factors of economic growth, bias in the levels of technological 
change, congestion in public infrastructures and the regions’ dependence on international 
markets.
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APPENDIX

Table A16.1 Classification of the articles depending on the estimation method 

Parametric methods Non-parametric methods
Wu (2000)

Han et al. (2002)

Liao et al. (2007)

Li and Liu (2011)

Zhou et al. (2011)

Özyurt and Guironnet (2011)

Lee and Cheng (2011) Salinas-Jiménez (2003)
Ganzhou (2011) Murillo-Zamorano (2005)
Arazmuradov et al. (2014) Henderson et al. (2007)
Colino et al. (2014) Huang and Su (2013)
Brock and Ogloblin (2014) Li and Lin (2015)
Mamonov and Pestova (2015) Beltrán-Esteve and Picazo-Tadeo (2017)
Dall’erba and Llamosas-Rosas (2015) Cheng et al. (2018)
Shao and Lin (2016) Feng et al. (2018)
Shi et al. (2017) Dhillon and Vachharajani (2019)
Brock and Oglibin (2018) Wang et al. (2020)
Chen (2018)

Wang et al. (2019)

Liu et al. (2019)

Li et al. (2019)

Rao et al (2019)

Source: The authors.
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Table A16.2 Descriptive statistics of Colombian regions

Region GDP
Employees 
(thousands)

Capital stock  
(private)

Capital stock  
(public)

Antioquia 45,710,261 2.162 10,755,357 19,148,655
Atlántico 14,136,066 0.770 2,998,866 3,919,075
Bogotá, D.C. 85,306,419 2.881 26,260,262 44,233,758
Bolivar 13,138,978 0.659 2,223,661 4,348,458
Boyacá 7,798,209 0.513 890,584 4,426,042
Caldas 5,685,804 0.394 959,161 3,624,509
Cauca 4,558,126 0.525 880,263 5,727,685
Cesar 5,338,740 0.331 435,256 2,087,222
Chocó 1,068,350 0.155 92,407 906,897
Córdoba 5,769,401 0.522 722,709 3,018,289
Cundinamarca 17,023,601 0.923 3,066,468 9,566,996
Huila 5,789,431 0.366 914,049 3,635,081
La Guajira 4,183,240 0.207 387,559 1,875,663
Magdalena 5,806,781 0.409 476,053 2,044,201
Meta 6,137,953 0.302 1,083,762 4,955,448
Nariño 4,865,251 0.669 672,728 2,889,174
N. Santander 5,290,684 0.488 571,689 2,903,137

Source: Authors’ calculations after Vallecilla (2011) and DANE.

NOTES

1. Although we use the geographical concept of region, these Colombian territorial entities receive the name of 
departamentos. Departmentos are country subdivisions and are granted a certain degree of autonomy. Each 
departmento has a Governor and an Assembly, elected by popular vote for a four-year period. 

2. The information was obtained from the World Bank, the IMF, the Fraser Institute and UNESCO.
3. The translog production function was proposed by Christensen, Jorgensen and Lau (1971), and Griliches and 

Ringstad (1971). Applications in the field of productivity studies are Lau and Brada (1990), Nishimizu and Page 
(1982) and Young (1995).

4.  The monotonicity condition is not fulfilled for some observations of both models, although we can reject a pos-
sible model misspecification.

5. The value of the Likelihood-ratio test is 41.90 with a p-value of 0.0000.

Rashmi
Sticky Note
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17.  Analysing public sector efficiency of the  
Indian States

  Ranjan Kumar Mohanty, N R Bhanumurthy,  
and Biresh K. Sahoo

1. INTRODUCTION

Every government is mandated to provide various public goods and services for maximizing 
its citizens’ welfare. However, many governments, especially in the developing and least 
developed countries, are stressed with severe budget constraints (high fiscal deficit and public 
debt). Compared to national governments, local governments often face resource constraints 
while delivering public goods. Effective allocation of scarce resources could solve the problem 
of resource scarcity (to some extent), or conversely, the public sector can use their existing 
resources in a more efficient manner to provide services to their citizens. With the pressure on 
governments increasing due to citizens’ high expectations from the government (transparency 
of government practices), this exerts higher pressure on the policymakers to utilize the existing 
resources more efficiently. Therefore, the efficient management of local governments’ scarce 
resources has been a topic of high interest to researchers and policymakers.

Few empirical studies have evaluated local governments’ performances in several coun-
tries. These studies are confined mostly to advanced, OECD or European countries (see, for 
example, Kalb, 2010, and Geys et al., 2010 for Germany; Worthington, 2000 for Australia; 
De Borger & Kerstens, 1996 for Belgium; Doumpos & Cohen, 2014 for Greece; Lo Storto, 
2016 for Italy; Balaguer-Coll et al., 2010, and Pérez-López et al., 2015 for Spain; Sampaio & 
Stosic, 2005 for Brazil; Afonso & Fernandes, 2008 for Portugal; Revelli, 2010 for the United 
Kingdom; Grossman et al., 1999 for the United States; Loikkanen & Susiluoto, 2005 for 
Finland; Kalseth & Rattso, 1995 for Norway; among others). These studies have used both the 
non-parametric approaches such as DEA, Free Disposal Hull (FDH) and so on (see De Borger 
& Kerstens, 1996; Afonso & Fernandes, 2006; Lo Storto, 2016; Mohanty & Bhanumurthy, 
2020 and others) and parametric methods such as Stochastic Frontier Analysis (SFA), Ordinary 
Least Square (OLS), panel regressions and so on (see, for example, Grossman et al., 1999; 
Worthington, 2000; Kalb, 2010; Kalseth & Rattso, 1995; Revelli, 2010; among others) to 
analyze local governments’ efficiency. The key findings from these studies reflect that the 
efficiency of public sector spending could be improved by focusing on various socio-economic 
and environmental factors.1

For an emerging economy such as India, public spending in education, health, infrastructure, 
law and order, and so on, is crucial for its rapid and sustainable development. With a vast 
population, India has a wide regional disparity because of its geographic, economic and 
demographic characteristics. The divergence in economic growth and human development 
across the Indian States has been posing many challenges for governments. India’s current 
resource allocation policy (through both horizontal and vertical equalization principles) has not 
impacted the overall development outcomes to address such regional divergences. Adoption of 
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the Fiscal Responsibility and Budget Management (FRBM) Act has also added a layer to the 
budget constraints faced by various State governments. To make public finances sustainable, 
the efficiency of public spending could play a crucial role in a resource-scarce economy such 
as that of India.2 To achieve the medium-term target of a US$5 trillion Indian economy, a com-
prehensive analysis of state-wise public sector performance becomes crucial. Public spending 
as a percent of Gross State Domestic Product (GSDP) varied between 11 and 74 percent across 
States in 2018−19.3 Whether or not such diverse public spending is being made efficiently is 
an important issue in providing the best possible public service outcomes at an optimal level. 
Hence, small changes in the efficiency of public spending could have a significant impact 
on the overall budget as well as on economic development. The issue of efficiency in public 
sector spending becomes much more crucial at the State level, as the budget constraints, 
citizens’ demands and absorptive capacities are quite diverse. Therefore, some of the research 
questions pertinent at this juncture are: do the Indian States utilize their public sector spending 
efficiently? Do the Indian States perform differently across different public sectors?

Until recently, there has been little discussion on the efficiency of the public sector in the 
Indian States, especially at the individual sector level, and a large part of the discussion was 
on outlays and not much on outputs/outcomes.4 Hence, there is a need to understand the 
outlays−outputs framework to reprioritize and recalibrate public expenditures, and this could 
be done by assessing public sector spending efficiency. In this chapter, this is done at the Indian 
States level as a State is the major implementing agency of most public sector programs. Here, 
the chapter uses the non-parametric Data Envelopment Analysis (DEA) method (Charnes 
et al., 1978; Banker et al., 1984). Our results are expected to help in understanding whether 
some regions lag behind others due to lack of resources, inefficiency in using resources or a 
combination of both. The study finds a significant difference in the efficiency of public sectors, 
as well as scope for improvement across the Indian States. Most of the southern and western 
States have better efficiency levels compared to other regions.

By undertaking the study on India, this study extends the nascent literature in the following 
directions. To the best of our knowledge, it is the first of its kind to evaluate the efficiency 
of eleven major public sector spending (individually) of 29 Indian States.5 Such an analysis 
will help policymakers to implement sector-specific policies. Then, along with a separate 
efficiency analysis of eleven public sectors, it also constructs three aggregate public-sector 
efficiency indices, that is, the social sector efficiency index, the economic and general sector 
efficiency index and the aggregate public sector performance index. This type of efficiency 
analysis has not been attempted in earlier Indian studies. The aggregate efficiency score could 
be very useful for comparing public sector performance across the Indian States. 

The broad structure of this chapter is as follows. A brief literature review on this issue is 
presented in Section 2. The data and methodology used for the empirical analysis are discussed 
in Section 3. Section 4 discusses the estimated DEA results in detail. Section 5 summarizes 
and discusses the possible policy implications.

2.  THE LITERATURE REVIEW

This section highlights some of the significant studies on public sector efficiency, especially 
at the local/regional government level. An extensive and comprehensive existing literature 
review on local governments’ efficiency is presented in Worthington and Dollery (2000), 
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Afonso and Fernandes (2008), Kalb et al. (2012), Da Cruz and Marques (2014) and Narbon-
Perpinaa and De Witte (2018). Many researchers have contributed extensively to this 
public sector efficiency literature (Afonso et al., 2005; Afonso and Aubyn, 2005; Gupta and 
Verhoeven, 2001).

Antonelli and De Bonis (2019) examine the public spending efficiency of 22 European 
countries and suggest that the existing output can be achieved with a 20 percent (on average) 
reduction in public expenditure. The studies point out that high efficiency is associated with 
higher GDP, higher education level, lower corruption and a relatively smaller population. 
Using the case of Norwegian local governments, Borge et al. (2008) find that high fiscal 
capacity, a centralized top-down budgetary procedure and a high degree of party fragmentation 
decreases while democratic participation increases the efficiency of public service provisions. 
Afonso and Fernandes (2008) examine the efficiency of 278 Portuguese municipal govern-
ments and find that education level, per capita purchasing power and distance to the district’s 
capital contributed positively to increased efficiency. Afonso et al. (2010) measure the public 
sector efficiency for ten new member states of the European Union and emerging markets. 
The study finds that education level, higher income, property rights security and civil service 
competence help prevent public sector inefficiencies.

The efficiency of health care, school education, general public services and so on, has been 
examined for OECD regions (Afonso and Aubyn, 2005; Sutherland et al., 2010; Joumard 
et al., 2010; Dutu and Sicari, 2016). Adam, Delis and Kammas (2018) find a wide variation 
in the efficiency of education, health, social security and welfare, general public services and 
economic affairs among OECD countries. The study finds that various factors such as greater 
fiscal decentralization, domestic participation, strong political leadership, right-wing govern-
ment and so on are the major determinants of efficiency. Afonso et al. (2005) analyze the 
public sector performance in 23 industrialized OECD countries for 1990 and 2000 and suggest 
a significant difference in public sector performances, indicating potential for expenditure 
saving in many countries.

Feeny and Rogres (2008) use stochastic frontier analysis (SFA) to estimate the efficiency 
of public sector expenditures and foreign aid in 37 Small Island Developing States (SIDS). 
The study finds governance has a positive impact while there is a mixed result of public 
sector efficiency and foreign aid in achieving social sector outcomes. Using a sample of 64 
developed and developing countries, Angelopoulos et al. (2008) find the relation between 
fiscal  size  and  economic  growth  depends  on  the  size−efficiency  mix  of  public  sectors. 
Hwang and Akdede (2011) find that quality of governance has a positive impact on public 
sector efficiency in administration, infrastructure and stability. Hauner (2008) finds that the 
differences in public sector efficiency in Russia’s regions were explained by the level of 
spending, governance quality, per capita income, democratic control and the share of federal 
transfers.

Gupta and Verhoeven (2001) find that African countries were less efficient (on average) than 
the Western Hemisphere and the Asian countries in providing health and education services 
during  1984−95.  Chan  and  Karim  (2012)  find  that  East  Asian  countries  were  relatively 
less efficient in public spending for promoting income equality during 2000−07, indicating 
that political stability and financial freedom have contributed positively to public spending 
efficiency. Ouertani, Naifar and Haddad (2018), using a sample from Saudi Arabia over the 
period 1988–2013, show that public sector performance on health, education and infrastructure 
can be improved without increasing the existing spending.
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Few studies are carried out in the Indian context. Saxena et al. (2018) analyze the relation-
ship between public infrastructure investment and economic growth for 28 Indian States 
(infrastructure  spending  efficiency)  over  2010−13. Yadava  and  Neog  (2019)  examine  the 
performance of 19 Indian States for the period of 2006−15 using seven indicators and find that 
states could decrease public spending by 57.88 percent and still achieve the current output. 
In an earlier attempt, Mohanty and Bhanumurthy (2020) assess the social sector’s public 
expenditure efficiencies, especially health and education, among the major Indian States. 
These Indian studies cover limited public sector indicators.

The above literature review points out that the assessment of most of the public expenditure 
efficiency literature is confined to advanced or European countries. There are few studies 
addressing the Asian region, especially India. Most of the studies have measured individual 
public spending efficiency (usually education, health and so on), while very few have focused 
on evaluating the public sector efficiency. This chapter tries to bridge this gap by analyzing 
a wide  range  of  public  sector  spending  across  the  Indian  States  during  2005−18  (a more 
extended period). The next section presents the data and methodology used in the study.

3.  THE DATA AND METHODOLOGY

3.1 The Data

The public sector efficiency of all the 29 Indian States is selected for the empirical analysis.6 
The study period is 2005−18,7 and thus, the efficiency is calculated for two different periods, 
that is, 2005−06 and 2018−19. We have carried out the efficiency analysis for 11 major public 
sector expenditures: education, health, water supply and sanitation, information and broadcast-
ing, social welfare and nutrition, rural development, irrigation and flood control, energy, road 
transport, public works and police.8 These services cover social services, economic services 
and general services of the respective States’ budgets.9

The study has collected many relevant variables on both outlays and outputs from several 
sources, and they are as follows. All public expenditure related variables, such as the public 
expenditure on education, health, water supply and sanitation, information and broadcasting, 
social welfare and nutrition, rural development, irrigation and flood control, energy, roads 
transport, public works and police, are assembled from the NIPFP Databank and the ‘State 
Finances: A study of Budget’, Reserve Bank of India (RBI). Data on Gross State Domestic 
Product (GSDP) are collected from National Accounts Statistics, Central Statistics Office 
(CSO). Information on Population is acquired from the report ‘Population Projections for India 
and States 2001-2026’, Office of The Registrar General and Census Commissioner (ORGCC), 
Government of India. Many variables such as Gross State Value Added (GSVA) by agriculture, 
GSVA by services, GSVA by construction, State-wise telephones per 100 population, the 
length of State highways, the length of national highways, the total length of roads, gross 
irrigated area, gross shown area, per capita availability of power and installed capacity of 
power are sourced from the Handbook of Statistics on Indian States (HSIS), RBI.

Similarly, the gross enrolment ratio for higher education and various health infrastructures 
are gathered from the EPWRF India Time Series, EPW Research Foundation. Data for wasting 
and stunting are collected from the reports of the National Family Health Survey (NFHS)-3 and 
NFHS-4. Access to safe drinking water and latrines are assembled from the report ‘Drinking 
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Water, Sanitation, Hygiene, and Housing Condition in India,’ Ministry of Statistics and 
Programme Implementation (MOSPI), Government of India, and also from the Indiastat.com. 
Data on the length of rural roads and road accidents are gathered from various reports of the 
‘Basic road statistics of India’ and ‘Road accidents in India,’ respectively, Ministry of Road 
Transport and Highways, Government of India. Further, the reading performance indicator is 
obtained from the Annual Status of Education Report (ASER) report of 2005 and 2018, while 
the infant mortality rate (IMR) is sourced from Sample Registration System (SRS) Bulletins 
and ORGCC (Government of India). Finally, data on the crime disposal rate and charge sheet-
ing rate are obtained from various issues of the crime reports in India, National Crime Records 
Bureau (NCRB), and the yield on Rabi food grains are sourced from the report of Agricultural 
Statistics at a Glance 2018, Department of Agriculture, Cooperation and Farmers Welfare, 
Ministry of Agriculture and Farmers Welfare, Government of India. The methodology used in 
the study is addressed in the next section.

3.2 Data Envelopment Analysis Methodology

There are two alternative approaches followed to evaluate the efficiency of firms: the 
econometric approach and the data envelopment analysis (DEA) approach. The advantage 
of the econometric approach is that it allows for formal statistical testing of hypotheses and 
the construction of confidence intervals. However, the problem underlying this approach is 
that it is parametric and can confound the effects of misspecification of functional form with 
scale economies; and further, flexible functional forms are susceptible to multicollinearity, and 
theoretical restrictions may be violated. The DEA approach, however, has the advantage of 
both being non-parametric, which means less susceptible to specification error, and being able 
to accommodate multiple inputs and multiple outputs (Sahoo & Gstach, 2011).10 The current 
study has therefore used the DEA approach for measuring the public sector efficiency.

When a DMU produces the maximum level of output(s) with a given amount of input(s), it 
is called efficient. Although there are different oriented models for measuring efficiency, we 
have chosen the most appropriate output-oriented model in our study. An input-oriented model 
was not considered appropriate because a reduction of public spending would not be an ideal 
policy option for the Indian States as the States have already been experiencing a very low 
share of public sector spending in their GSDP.

Consider the evaluation of a sample of n decision making units, DMUs (States). Each State 
j (j = 1, . . ., n) is assumed to consume an m-input vector ( )= ∈

= … +, ,1
x x Rj ij i m

m  to produce 
an s-output vector ( )= ∈

= … +, ,1
y y Rj rj r s

s . The relative output efficiency (Eo) of any State o  
(o = 1, . . ., n) is a comparison between its actual outputs produced and the best-practice 
(maximal) outputs that would have been produced from its current level of inputs. The idea 
underlying this output efficiency measure is to reallocate the input vector xo over all the n 
States, and then run them with the respective intensities λ1, λ2, . . ., λn to expand the observed 
output vector yo by an expansion factor θ, which can be computed from the following linear 
program (Banker et al., 1984):

 θ( ) = θ λ

−
max ,

1
Eo j

 (17.1)

s.t. ∑ λ ( )≤ ∀
=
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1
x x i

j
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ij j io  (17.1.1)
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n

j , (17.1.3)

 θ λ ( )≥ ≥ ∀,0 0 jj . (17.1.4)

The efficiency evaluation model (17.1) is based on two assumptions: (a) the firms 
(xj,yj)j=1, . . ., n are run with variable returns to scale (which is ensured by the use of convexity 
constraint (17.1.3)) and (b) the inputs and outputs are freely disposable (which is ensured by 
the use of inequality signs in the input and output constraints, that is, (17.1.1) and (17.1.2)). The 
model (17.1) determines State o’s maximal output as (Eo)

−1yo from its current input vector xo 
using the best practice technologies. State o’s output efficiency is then computed as the ratio of 
its actual output vector yo to its potential output vector xo, that is, Eo = 1/θ*, which lies between 
0 and 1, where θ* is the optimal solution obtained from the model (17.1).

The empirical results of the output-oriented approach are presented and discussed in the 
next section.

4.  EMPIRICAL ANALYSIS

As discussed earlier, the efficiency levels of 11 major public sector spending activities are 
examined in this chapter using the output-oriented DEA approach among 29 States. These 
public services broadly fall under social services, economic services and general services in 
each of these States’ budgets. As the collection of public finance data on all the public services 
at the state level is tedious, especially at the local level, this chapter is limited to 11 major 
sectors. Variable returns to scale are assumed due to the wide variation among States. The 
results are discussed below.

4.1 Social Services

Social sector spending is necessary and an essential source of human development. In this 
section, within the social sector, the public sector spending efficiencies of education, health, 
water supply and sanitation, social welfare and nutrition and information and broadcasting are 
discussed as follows.

4.1.1 Education
We have used two outputs, that is, the gross enrollment ratio for higher education and the 
percentage of children who can read Standard-II level at Standard-V (learning level), and one 
input, that is, education expenditure to GSDP ratio for measuring the efficiency of education. It 
is to be noted that the data for education spending are averaged over two periods (2004−2005 
for  2005,  and 2017−2018  for  2018). The  estimated DEA  results  using  the output-oriented 
approach for education are given in Table 17.1 and Figure 17.1.

The results suggest that, in 2018 (Table 17.1), out of 29 States, seven States were labeled 
as efficient, namely Kerala, Punjab, Sikkim, Tamil Nadu, Haryana, Himachal Pradesh and 
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Table 17.1 Education efficiency of Indian States (output oriented)

Output Oriented_2005 Output Oriented_2018

States Eff. Score Rank Eff. Score Rank Peer Group
Andhra Pradesh 0.90 12 0.85 14 Haryana, Kerala, Tamil Nadu.
Arunachal Pradesh 0.76 22 0.63 23 Himachal Pradesh, Sikkim.
Assam 0.61 26 0.52 28 Kerala.
Bihar 0.81 20 0.53 27 Kerala.
Chhattisgarh 0.95 10 0.77 16 Kerala.
Goa 0.95 9 0.86 13 Kerala.
Gujarat 0.82 19 0.95 9 Haryana, Telangana.
Haryana 1.00 1 1.00 1 Har.
Himachal Pradesh 1.00 1 1.00 1 Himachal Pradesh.
Jammu Kashmir 0.78 21 0.68 19 Himachal Pradesh, Sikkim.
Jharkhand 0.82 18 0.48 29 Himachal Pradesh, Kerala, 

Sikkim.
Karnataka 0.87 16 0.88 11 Haryana, Telangana.
Kerala 1.00 1 1.00 1 Kerala.
Madhya Pradesh 0.89 15 0.55 26 Himachal Pradesh, Kerala, 

Sikkim.
Maharashtra 1.00 1 0.98 8 Haryana, Kerala, Tamil Nadu.
Manipur 0.86 17 0.88 12 Himachal Pradesh, Kerala.
Meghalaya 1.00 1 0.65 21 Himachal Pradesh, Sikkim.
Mizoram - - 0.83 15 Kerala.
Nagaland 0.90 13 0.62 24 Kerala.
Odisha 0.75 23 0.76 17 Kerala.
Punjab 0.90 14 1.00 1 Punjab.
Rajasthan 0.74 24 0.64 22 Kerala.
Sikkim - - 1.00 1 Sikkim.
Tamil Nadu 1.00 1 1.00 1 Tamil Nadu.
Telangana - - 1.00 1 Telangana.
Tripura 0.92 11 0.58 25 Kerala.
Uttar Pradesh 0.68 25 0.68 18 Himachal Pradesh, Kerala, 

Sikkim.
Uttarakhand 1.00 1 0.94 10 Himachal Pradesh, Kerala, 

Sikkim.
West Bengal 0.96 8 0.66 20 Kerala.
Average 0.88 0.79

Source: Authors’ calculation.
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Telangana. Among these States, only Kerala, Haryana, Himachal Pradesh and Tamil Nadu are 
consistently efficient both in 2005 and 2018. These efficient States have achieved a higher 
enrollment ratio and also a higher percentage of learning level using a smaller proportion of 
resources than the national average. The output-oriented results show that the bottom three 
States were Bihar, Assam and Jharkhand in 2018. The average education efficiency score is 
0.79, implying, on average, that States are producing 21 percent fewer outputs than they should 
if they were efficient. For example, the efficiency score of Odisha is 0.76, which implies that 
only 76 percent of outputs is produced with the existing resources (24 percent output can be 
enhanced). Nearly half of the States are utilizing their public spending on education inef-
ficiently above the all-State average (Figure 17.1). Figure 17.1 also suggests that many Indian 
States could enhance their education output with the existing level of education spending 
by following the best practice (Karnataka and Manipur-12 percent, Goa-14 percent, Andhra 
Pradesh-15 percent, Mizoram-17 percent, Chhattisgarh-23 percent, Odisha-24 percent, Uttar 
Pradesh, and Jammu and Kashmir-32 percent, West Bengal-34 percent, Meghalaya-35 per-
cent, Rajasthan-36 percent, Arunachal Pradesh-37 percent, Nagaland-38 percent, Tripura-42 
percent, Bihar-47 percent, Assam-48 percent, Jharkhand-52 percent).

4.1.2 Health
For health, efficiency is analyzed using two outputs and one input. The two outputs are the 
infant mortality rate (IMR) and health care infrastructure.11 The health expenditure to GSDP 
ratio12 is used as an input for measuring health efficiency. The DEA techniques imply that 
outputs are measured in such a way that ‘more is better’. Here, the IMR refers to the (number 
of children who died before 12 months)/(number of children born)×1000. Therefore, we have 
calculated an ‘Infant Survival Rate (ISR)’ as follows. ISR13 = (1000−IMR)/ IMR.

Finally, ISR and health infrastructure are used as final outputs in the DEA approach. Health 
spending data are averaged over two periods, that is, 2004−2005 for 2005 and 2017−2018 for 
2018. The results of the health sector efficiency scores using an output-oriented approach are 
given in Table 17.2 and Figure 17.2.
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Figure 17.1 Education inefficiency, 2018
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Table 17.2 Health efficiency of Indian States (output oriented)

Output Oriented_2005 Output Oriented_2018

States Eff. Score Rank Eff. Score Rank Peer Group
Andhra 
Pradesh

0.57 25 0.45 25 Himachal Pradesh, Karnataka, Kerala.

Arunachal 
Pradesh

0.97 9 0.96 8 Mizoram.

Assam 0.80 13 0.45 26 Himachal Pradesh, Mizoram.
Bihar 0.42 28 0.35 29 Himachal Pradesh, Kerala, Mizoram.
Chhattisgarh 1.00 1 0.65 19 Himachal Pradesh, Karnataka.
Goa 0.85 11 0.83 12 Kerala, Nagaland.
Gujarat 1.00 1 0.85 10 Himachal Pradesh, Karnataka.
Haryana 1.00 1 0.84 11 Karnataka, Maharashtra.
Himachal 
Pradesh

1.00 1 1.00 1 Himachal Pradesh.

Jammu 
Kashmir

0.54 26 0.82 13 Himachal Pradesh, Karnataka, Kerala.

Jharkhand 0.62 21 0.45 27 Himachal Pradesh, Karnataka, Kerala.
Karnataka 0.86 10 1.00 1 Karnataka.
Kerala 1.00 1 1.00 1 Kerala.
Madhya 
Pradesh

0.60 23 0.57 22 Himachal Pradesh, Karnataka.

Maharashtra 1.00 1 1.00 1 Maharashtra.
Manipur 1.00 1 0.58 21 Himachal Pradesh, Kerala, Mizoram.
Meghalaya 0.58 24 0.51 24 Himachal Pradesh, Mizoram.
Mizoram 1.00 1 1.00 1 Mizoram.
Nagaland 0.81 12 1.00 1 Nagaland.
Odisha 0.79 14 0.62 20 Himachal Pradesh, Karnataka.
Punjab 0.66 19 0.81 14 Karnataka, Kerala, Maharashtra.
Rajasthan 0.74 16 0.69 18 Himachal Pradesh, Karnataka.
Sikkim 0.67 18 0.96 7 Himachal Pradesh, Kerala, Mizoram.
Tamil Nadu 0.78 15 0.80 15 Himachal Pradesh, Karnataka, Kerala.
Telangana 0.74 17 Himachal Pradesh, Karnataka, Kerala.

Tripura 0.61 22 0.76 16 Himachal Pradesh, Mizoram.
Uttar Pradesh 0.48 27 0.37 28 Himachal Pradesh, Karnataka, Kerala.
Uttarakhand 0.69 17 0.86 9 Himachal Pradesh, Karnataka.
West Bengal 0.65 20 0.54 23 Himachal Pradesh, Karnataka, Kerala.
Average 0.77 0.74

Source: Authors’ calculation.
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It is observed from Table 17.2 that Himachal Pradesh, Kerala, Karnataka, Maharashtra, 
Mizoram and Nagaland were the most efficient States, while Jharkhand, Uttar Pradesh and 
Bihar were the least efficient States in 2018. The lowest IMRs are found in Kerala, Mizoram 
and Nagaland, while Karnataka and Maharashtra are among the lowest share of health spend-
ing to GDP with a better health outcome. The number of health infrastructures in Himachal 
Pradesh is better compared to other States. The output efficient score of all States is 0.74. 
This implies that all States, on average, produce about 26 percent fewer outputs using the 
same inputs. On average, health efficiency has marginally declined from 0.77 in 2005 to 
0.74 in 2018. Figure 17.2 demonstrates the output inefficiency of the remaining States (for 
example, in 2018; Gujarat, Uttarakhand, Haryana, Punjab, Goa and Jammu and Kashmir-<20 
percent; Tamil Nadu, Telangana and Tripura-20 to 30 percent, Rajasthan, Chhattisgarh and 
Odisha-30 to<40 percent; Manipur, Madhya Pradesh, West Bengal and Meghalaya-40 to 50 
percent; Andhra Pradesh, Jharkhand and Assam-55 percent, Uttar Pradesh and Bihar-63 to 65 
percent). Four States, Kerala, Himachal Pradesh, Maharashtra and Mizoram, are consistently 
performing better both in 2005 and 2018. The health efficiency of 12 States is below the 
all-State average (Figure 17.2). There is the possibility of higher health output using existing 
resources.

4.1.3 Water supply and sanitation
For measuring efficiency in water supply and sanitation, we have used the budgetary spending 
on water supply and sanitation to GSDP ratio as an input, while ‘percentage of households 
having access to piped water supply and public tap (safe drinking water)’ and ‘percentage of 
households having access to latrine’ are the two outputs in the DEA set-up.14 We have followed 
a similar strategy of averaging two periods of public expenditure on water supply and sanita-
tion (2004−2005 for 2005, and 2017−2018 for 2018). The results of output-oriented efficiency 
scores are displayed in Table 17.3 and Figure 17.3.
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Figure 17.2 Health inefficiency, 2018
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Table 17.3 Water supply and sanitation efficiency of Indian States (output oriented)

Output Oriented_2005 Output Oriented_2018

States Eff. Score Rank Eff. Score Rank Peer Group
Andhra Pradesh 0.82 20 0.84 22 Kerala, Punjab, Sikkim.

Arunachal Pradesh 0.89 10 0.99 11 Mizoram.

Assam 0.89 11 0.98 13 Mizoram, Sikkim.

Bihar 0.89 13 0.67 26 Mizoram, Sikkim.

Chhattisgarh 0.72 23 0.93 18 Kerala, Sikkim.

Goa 0.88 15 1.00 4 Goa.

Gujarat 0.86 19 0.93 17 Maharashtra, Punjab, Sikkim.

Haryana 0.88 14 0.97 15 Kerala, Sikkim.

Himachal Pradesh 0.91 9 0.97 14 Mizoram, Sikkim.

Jammu Kashmir 0.81 22 0.88 19 Mizoram, Sikkim.

Jharkhand 0.44 28 0.66 27 Mizoram, Sikkim.

Karnataka 0.87 18 0.84 23 Maharashtra, Punjab, Sikkim.

Kerala 1.00 1 1.00 4 Kerala.

Madhya Pradesh 0.70 24 0.78 24 Mizoram, Sikkim.

Maharashtra 0.82 21 1.00 2 Maharashtra.

Manipur 0.96 6 1.00 1 Mizoram, Sikkim.

Meghalaya 0.66 27 0.99 12 Mizoram, Sikkim.

Mizoram 1.00 1 1.00 8 Mizoram.

Nagaland 0.87 17 1.00 2 Mizoram, Sikkim.

Odisha 0.66 26 0.55 29 Mizoram, Sikkim.

Punjab 1.00 1 1.00 4 Punjab.

Rajasthan 0.70 25 0.74 25 Mizoram, Sikkim.

Sikkim 0.93 8 1.00 4 Sikkim.

Tamil Nadu 0.88 16 0.93 16 Goa, Maharashtra.

Telangana 0.87 21 Kerala, Sikkim.

Tripura 1.00 1 0.99 9 Mizoram, Sikkim.

Uttar Pradesh 0.94 7 0.62 28 Kerala, Sikkim.

Uttarakhand 0.89 12 0.99 10 Kerala, Punjab, Sikkim.

West Bengal 1.00 1 0.88 20 Kerala, Sikkim.

Average 0.85 0.90

Source: Authors’ calculation.
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As can be seen, in 2018, eight States, including Maharashtra, Manipur, Nagaland, Goa, 
Kerala, Punjab, Sikkim and Tripura, were efficient. The other States, Tripura, Uttarakhand, 
Arunachal Pradesh, Meghalaya, Assam, Himachal Pradesh and Haryana, were also very 
close to the efficiency frontier. This shows that all the north-eastern States are utilizing 
their water supply and sanitation resources very efficiently. These north-eastern States have 
nearly 100 percent access to latrines, with relatively better access to a piped water supply. 
Most of these efficient States are achieving a better outcome using a very low share of public 
spending. On average, the all-State output efficiency score is 0.9, implying they have scope 
for improvement of an additional 10 percent of their output with the existing resources. 
The bottom four States are Bihar, Jharkhand, Uttar Pradesh and Odisha. There is scope 
among many States to enhance their output with the existing resources (Figure 17.3). This 
demonstrates that the output inefficiencies of Jammu Kashmir, West Bengal, Telangana, 
Andhra Pradesh and Karnataka are 12 to 16 percent, while Madhya Pradesh, Rajasthan, 
Bihar, Jharkhand, Uttar Pradesh and Odisha are under the 23 to 45 percent categories. 
Overall, the output efficiencies of all States have increased from 0.85 to 0.9 in 2005 and 
2018, respectively.

4.1.4 Social welfare and nutrition
Appropriate output data for social welfare and nutrition are not easily available State-wise 
in India. We have chosen two major pieces of nutrition deficiency-related information, that 
is, ‘wasting’ and ‘stunting’ as two outputs,15 and public spending on social welfare and 
nutrition is chosen as an input in the efficiency analysis. The information on wasting and 
stunting is available in NFHS-3 (conducted in 2005) and NFHS-4 (in 2015). Therefore, 
we have estimated efficiency for these two years. The results are shown in Table 17.4 and 
Figure 17.4.
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Figure 17.3 Water supply and sanitation inefficiency, 2018



Analysing public sector efficiency of the Indian States   385

Table 17.4 Social welfare and nutrition efficiency of Indian States (output oriented)

Output Oriented_2005 Output Oriented_2015

States Eff. Score Rank Eff. Score Rank Peer Group

Andhra Pradesh 0.78 10 0.67 15 Kerala, Mizoram.

Arunachal Pradesh 0.70 12 0.71 14 Kerala, Mizoram.

Assam 0.71 11 0.60 21 Kerala, Mizoram.

Bihar 0.48 27 0.46 28 Kerala, Mizoram.

Chhattisgarh 0.56 24 0.55 23 Kerala, Mizoram.

Goa 1.00 1 0.98 5 Kerala.

Gujarat 0.59 23 1.00 1 Gujarat.

Haryana 0.62 22 0.60 20 Kerala, Mizoram.

Himachal Pradesh 0.69 14 0.82 9 Kerala, Mizoram, Punjab.

Jammu Kashmir 0.80 7 0.81 10 Kerala, Mizoram.

Jharkhand 0.49 25 0.45 29 Kerala, Mizoram.

Karnataka 0.66 16 0.55 22 Kerala, Mizoram.

Kerala 1.00 1 1.00 1 Kerala.

Madhya Pradesh 0.49 26 0.49 27 Kerala, Mizoram.

Maharashtra 0.66 17 0.63 17 Kerala, Punjab.

Manipur 1.00 1 0.97 6 Mizoram, Punjab.

Meghalaya 0.46 28 0.54 24 Kerala, Mizoram.

Mizoram 1.00 1 1.00 1 Mizoram.

Nagaland 0.79 9 0.80 11 Kerala, Mizoram.

Odisha 0.62 21 0.61 19 Kerala, Mizoram.

Punjab 1.00 1 1.00 1 Punjab.

Rajasthan 0.62 20 0.53 25 Kerala, Mizoram.

Sikkim 0.93 6 0.87 7 Kerala, Mizoram, Punjab.

Tamil Nadu 0.79 8 0.74 12 Kerala, Mizoram.

Telangana 0.73 13 Kerala, Mizoram.

Tripura 0.69 13 0.83 8 Kerala, Mizoram.

Uttar Pradesh 0.63 19 0.50 26 Kerala, Mizoram.

Uttarakhand 0.64 18 0.62 18 Kerala, Mizoram.

West Bengal 0.67 15 0.63 16 Kerala, Mizoram.

Average 0.72 0.71

Source: Authors’ calculation.
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Figure 17.4 Social welfare and nutrition inefficiency, 2015

The results show that, out of 29 States, only Gujarat, Kerala, Mizoram and Punjab  
(four States) were efficient in 2015 and the remaining States had scope for improvement. 
Bihar and Jharkhand are listed in the bottom category, and they are producing only 44 to 
45 percent of their potential output using the existing resources. On average, all States 
produce about 29 percent (efficiency score 0.71) fewer outputs than they should if they were 
efficient. The efficiency score of nearly 16 States is far below the average score of all States. 
It can be seen from Figure 17.4 that many States are producing less (inefficient) with their 
existing resources (Sikkim, Tripura, Himachal Pradesh, Jammu Kashmir and Nagaland-13 
to 20 percent; Tamil Nadu, Telangana, Arunachal Pradesh, Andhra Pradesh, West Bengal, 
Maharashtra, Uttarakhand, Odisha, Haryana and Assam-21 to 40 percent; Karnataka, 
Chhattisgarh, Meghalaya, Rajasthan, Uttar Pradesh, Madhya Pradesh, Bihar and Jharkhand-41 
to 55 percent). However, the overall output efficiency scores of social welfare and nutrition 
have more or less remained the same from 2005 to 2015.

4.1.5 Information and broadcasting
We have used one input and two outputs for analyzing the efficiency of information and broad-
casting. The input is the public expenditure on information and broadcasting as a percentage of 
GSDP. Due to data constraints, we have used ‘Telephones per 100 population’ and ‘GSVA by 
the service sector as a percentage of GSDP’ as two outputs for the output-oriented DEA analy-
sis. It is to be noted that the data on telephones per 100 population for individual north-eastern 
States (except Assam) are not available. Therefore, we have excluded the other north-eastern 
States while analyzing the efficiency. Thus, 20 States are included in this analysis, and the 
results are given in Table 17.5 and Figure 17.5.16
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Table 17.5 Information and broadcasting efficiency of Indian States (output oriented)

Output Oriented_2005 Output Oriented_2015
States Eff. Score Rank Eff. Score Rank Peer Group
Andhra Pradesh 0.83 8 0.74 14 Himachal Pradesh, Kerala.
Assam 0.78 11 0.75 13 Karnataka, Kerala.
Bihar 0.93 5 0.99 6 Karnataka.
Chhattisgarh 0.59 20 0.60 20 Karnataka, Kerala.
Gujarat 0.71 17 0.84 10 Himachal Pradesh, Punjab.
Haryana 0.78 12 0.76 11 Himachal Pradesh, Kerala.
Himachal Pradesh 0.71 18 1.00 1 Himachal Pradesh.
Jammu Kashmir 0.74 15 0.97 8 Karnataka.
Jharkhand 0.61 19 0.68 16 Karnataka.
Karnataka 0.85 7 1.00 1 Karnataka.
Kerala 1.00 1 1.00 1 Kerala.
Madhya Pradesh 0.76 14 0.60 19 Karnataka, Kerala.
Maharashtra 1.00 1 1.00 1 Maharashtra.
Odisha 0.73 16 0.63 17 Karnataka, Kerala.
Punjab 1.00 1 1.00 1 Punjab.
Rajasthan 0.76 13 0.76 12 Karnataka, Kerala.
Tamil Nadu 0.95 4 0.99 7 Kerala, Maharashtra, Punjab.
Uttar Pradesh 0.79 10 0.72 15 Karnataka.
Uttarakhand 0.83 9 0.62 18 Karnataka, Kerala.
West Bengal 0.92 6 0.89 9 Karnataka, Kerala.
Average 0.81 0.83

Source: Authors’ calculation.
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Figure 17.5 Information and broadcasting inefficiency, 2018
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In 2005, three states (Kerala, Maharashtra and Punjab) were efficient, while in 2018, five 
States (with the addition of Himachal Pradesh and Karnataka) were efficient. The four bottom 
States are Odisha, Uttarakhand, Madhya Pradesh and Chhattisgarh. Chhattisgarh has remained 
the worst performing State over 2005−18. The output-oriented efficiency score of the selected 
States (on average) is 0.83, which means that they could add 17 percent to their current level of 
output using the current input. Ten States are performing worse than the average of all States. 
Figure 17.5 displays the inefficiency of the selected States (Bihar and Tamilnadu-1 percent, 
West Bengal-11 percent, Gujarat-16 percent, Haryana and Rajasthan-24 percent, Assam-25 
percent, Andhra Pradesh-26 percent, Uttar Pradesh-28 percent, Jharkhand-32 percent, Odisha-
37 percent, Uttarakhand-38 percent, Madhya Pradesh and Chhatishgarh-40 percent). However, 
overall, the information and broadcasting efficiency of all States has improved marginally 
(0.81 to 0.83) from 2005 to 2018.

4.2 Economic Services

Like social sector services, budgetary allocations for economic services are essential for driv-
ing economic growth, job creation and facilitating a higher standard of living in an economy. 
Thus, an attempt is made here to analyze the efficiency of economic services. In this section, 
the public sector spending efficiencies of rural development, irrigation and flood control, 
energy and road transport are estimated.

4.2.1 Rural development
Agriculture and rural roads play an important role in rural development. We have chosen 
‘GSVA by the Agriculture sector as a percentage of GSDP’ and the length of rural roads17 to 
total road length as two outputs, and the expenditure on rural development as a percentage 
of GSDP as an input in the output-oriented DEA analysis. The information on rural roads is 
available up to 2016 (latest). Therefore, instead of 2018, we have calculated the efficiency for 
2016 using the latest information. The results are shown in Table 17.6 and Figure 17.6.

The selected DEA approach finds that Assam, Goa, Punjab, Madhya Pradesh and Tripura were 
the most efficient in rural development spending in 2016. Uttarakhand was the least efficient State 
in this sector. Many states, such as Arunachal Pradesh, Assam, Bihar, Chhattisgarh, Goa, Gujarat, 
Himachal Pradesh, Jharkhand, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Meghalaya, 
Mizoram, Nagaland, Odisha, Rajasthan, Tamil Nadu, Tripura, Uttarakhand and West Bengal, 
have  improved  their  efficiency  during  2005−16.  Overall,  on  average,  the  output  efficiency 
score has also drastically improved from 0.64 to 0.76 during this period. However, still, there is 
scope for improvement using the existing resources (Figure 17.6). For example, Tamil Nadu is 
producing 28 percent less output with the existing resources. The inefficiency chart (Figure 17.6) 
displays significant scope for improvement in the rural development output for many States.

4.2.2 Irrigation and flood control
The efficiency of irrigation and flood control is calculated by using two outputs, the ‘ratio 
of gross irrigated area to the gross shown area’ and the ‘yield of Rabi food grains’, and one 
input of public expenditure, ‘irrigation and flood control’ as a percentage of GSDP. The latest 
information related to the gross irrigated area is available for the year 2017. That is why we 
have estimated the efficiency of irrigation and flood control for 2005 and 2017. The results are 
displayed in Table 17.7 and Figure 17.7.
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Table 17.6 Rural development efficiency of Indian States (output oriented)

Output Oriented_2005 Output Oriented_2016
States Eff. Score Rank Eff. Score Rank Peer Group
Andhra Pradesh 0.74 10 0.70 20 Assam, Madhya Pradesh, 

Tripura.
Arunachal Pradesh 0.54 20 0.57 27 Assam, Madhya Pradesh, 

Tripura.
Assam 0.79 8 1.00 1 Assam.
Bihar 0.83 7 0.95 6 Tripura.
Chhattisgarh 0.59 18 0.64 22 Assam, Madhya Pradesh, 

Tripura.
Goa 0.20 28 1.00 1 Goa.
Gujarat 0.48 22 0.61 25 Assam, Madhya Pradesh, Punjab.
Haryana 0.76 9 0.62 23 Assam, Madhya Pradesh, Punjab.
Himachal Pradesh 0.86 5 0.89 8 Assam, Tripura.
Jammu Kashmir 0.71 12 0.57 28 Assam, Madhya Pradesh, 

Tripura.
Jharkhand 0.48 23 0.61 24 Tripura.
Karnataka 0.56 19 0.70 19 Assam, Goa, Punjab.
Kerala 0.46 25 0.78 13 Assam, Goa.
Madhya Pradesh 0.84 6 1.00 1 Madhya Pradesh.
Maharashtra 0.28 27 0.80 10 Assam, Goa, Punjab.
Manipur 0.63 15 0.59 26 Tripura.
Meghalaya 0.59 17 0.71 18 Tripura.
Mizoram 0.53 21 0.65 21 Assam, Tripura.
Nagaland 0.87 4 0.91 7 Assam, Madhya Pradesh, 

Tripura.
Odisha 0.62 16 0.85 9 Assam, Tripura.
Punjab 1.00 1 1.00 1 Punjab.
Rajasthan 0.73 11 0.78 12 Assam, Madhya Pradesh, 

Tripura.
Sikkim 1.00 1 0.79 11 Assam, Tripura.
Tamil Nadu 0.33 26 0.72 16 Assam, Goa.
Telangana - - 0.72 17 Assam, Tripura.
Tripura 0.67 13 1.00 1 Tripura.
Uttar Pradesh 0.89 3 0.74 14 Assam, Madhya Pradesh, 

Tripura.
Uttarakhand 0.47 24 0.54 29 Assam, Tripura.
West Bengal 0.64 14 0.73 15 Assam, Madhya Pradesh, 

Tripura.
Average 0.64 0.76

Source: Authors’ calculation.
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Figure 17.6 Rural development inefficiency, 2016

Table 17.7 Irrigation and flood control efficiency of Indian States (output oriented)

Output Oriented_2005 Output Oriented_2017
States Eff. Score Rank Eff. Score Rank Peer Group
Andhra Pradesh 0.64 10 0.61 13 Punjab.
Arunachal Pradesh 0.33 23 0.31 27 Punjab.
Assam 0.41 19 0.46 18 Punjab.
Bihar 0.60 11 0.73 10 Punjab.
Chhattisgarh 0.25 27 0.33 24 Punjab.
Goa 0.26 26 0.43 21 Punjab.
Gujarat 0.55 13 0.53 14 Punjab.
Haryana 0.88 5 1.00 1 Haryana.
Himachal Pradesh 0.48 16 0.36 23 Punjab.
Jammu Kashmir 0.43 18 0.44 20 Punjab.
Jharkhand 0.28 25 0.30 28 Punjab.
Karnataka 0.35 20 0.31 26 Punjab.
Kerala 0.87 6 1.00 1 Kerala.
Madhya Pradesh 0.31 24 0.46 19 Punjab.
Maharashtra 0.19 28 0.21 29 Punjab.
Manipur 0.79 7 0.43 22 Punjab.
Meghalaya 1.00 1 0.93 8 Kerala, Punjab.
Mizoram 0.53 14 1.00 1 Mizoram.
Nagaland 0.56 12 0.47 17 Haryana, Kerala, Tamil Nadu.
Odisha 0.34 21 0.31 25 Punjab.
Punjab 1.00 1 1.00 1 Punjab.
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Output Oriented_2005 Output Oriented_2017
States Eff. Score Rank Eff. Score Rank Peer Group
Rajasthan 0.48 15 0.51 15 Punjab.
Sikkim 0.34 22 0.47 16 Kerala, Mizoram, Tamil 

Nadu.
Tamil Nadu 0.93 4 1.00 1 Tamil Nadu.
Telangana 0.72 11 Punjab.

Tripura 0.69 9 0.94 7 Haryana, Kerala, Tamil Nadu.
Uttar Pradesh 0.77 8 0.82 9 Punjab.
Uttarakhand 0.46 17 0.62 12 Haryana, Kerala, Punjab.
West Bengal 1.00 1 0.97 6 Haryana, Kerala, Tamil Nadu.
Average 0.56 0.61

Source: Authors’ calculation.
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Figure 17.7 Irrigation and flood control inefficiency, 2017

The result shows that, in the year 2017, the most efficient States were Kerala, Punjab, 
Haryana, Mizoram and Tamil Nadu (five States). Punjab was the only State which performed 
very efficiently in both 2005 and 2017. Although there is an improvement in the overall States’ 
performance from 2005 to 2017 (from 0.56 to 0.61), many states are using their resources 
very inefficiently, and output could be enhanced by nearly 40 percent with the current level 
of spending. States like Odisha, Karnataka, Arunachal Pradesh, Jharkhand and Maharashtra 
are the worst performers. These States are producing nearly 30 percent or less of optimal 
output with their current level of spending. Almost 55 percent of States (16 States) are 
producing irrigation and flood control output far below the all-State average. The inefficiency 

Table 17.7 (Continued)
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level ranges between 53 and 79 percent for 14 States (Figure 17.7). The efficiency level of 
Assam, Bihar, Chhattisgarh, Goa, Haryana, Jammu Kashmir, Jharkhand, Kerala, Madhya 
Pradesh, Maharashtra, Mizoram, Rajasthan, Sikkim, Tamil Nadu, Tripura, Uttar Pradesh and 
Uttarakhand improved from 2005 to 2017. The efficiency of the remaining States (except 
Punjab) has deteriorated during that period. Thus, many States’ output could be improved by 
following their peer groups and adopting best practices.

4.2.3 Energy
For measuring energy efficiency, two outputs are selected, that is, per capita availability of 
power (Kilowatt-Hour) and installed capacity of power per thousand population (megawatt). 
Similarly, for input, we have chosen the public budgetary outlay on the energy to GSDP ratio. 
The energy efficiency is calculated for 2005 and 2018 across 29 Indian States. The results are 
displayed in Table 17.8 and Figure 17.8.

Table 17.8 Energy efficiency of Indian States (output oriented)

Output Oriented_2005 Output Oriented_2018

States Eff. Score Rank Eff. Score Rank Peer Group
Andhra Pradesh 0.61 14 0.66 12 Punjab, Uttarakhand.
Arunachal Pradesh 0.60 15 0.31 21 Goa, Sikkim.
Assam 0.16 27 0.14 27 Goa, Punjab.
Bihar 0.15 28 0.11 29 Goa, Punjab, Sikkim.
Chhattisgarh 0.86 8 0.62 14 Goa, Punjab, Sikkim.
Goa 1.00 1 1.00 1 Goa.
Gujarat 0.86 9 0.96 6 Goa, Punjab, Sikkim.
Haryana 0.84 10 0.87 8 Goa, Punjab, Sikkim.
Himachal Pradesh 1.00 1 0.84 9 Punjab, Sikkim, Uttarakhand.
Jammu Kashmir 0.56 16 0.51 15 Goa, Sikkim.
Jharkhand 0.27 24 0.11 28 Goa, Punjab, Sikkim.
Karnataka 0.65 12 0.65 13 Goa, Punjab, Sikkim.
Kerala 1.00 1 1.00 1 Kerala.
Madhya Pradesh 0.39 21 0.47 17 Goa, Punjab, Sikkim.
Maharashtra 0.93 6 0.72 11 Goa, Punjab, Sikkim.
Manipur 0.27 23 0.15 26 Goa, Punjab, Sikkim.
Meghalaya 0.48 19 0.35 20 Goa, Punjab, Sikkim.
Mizoram 0.48 18 0.28 23 Goa, Sikkim.
Nagaland 0.19 26 0.16 25 Goa, Punjab, Sikkim.
Odisha 0.92 7 0.38 19 Goa, Punjab, Sikkim.
Punjab 1.00 1 1.00 1 Punjab.
Rajasthan 0.51 17 0.50 16 Goa, Sikkim.
Sikkim 0.77 11 1.00 1 Sikkim.
Tamil Nadu 1.00 1 0.79 10 Goa, Punjab, Sikkim.
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Output Oriented_2005 Output Oriented_2018

States Eff. Score Rank Eff. Score Rank Peer Group
Telangana - - 0.88 7 Goa, Punjab, Sikkim.
Tripura 0.28 22 0.46 18 Sikkim, Uttarakhand.
Uttar Pradesh 0.27 25 0.25 24 Goa, Punjab, Sikkim.
Uttarakhand 0.64 13 1.00 1 Uttarakhand.
West Bengal 0.43 20 0.29 22 Punjab, Uttarakhand.
Average 0.61 0.57

Source: Authors’ calculation.
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Figure 17.8 Energy inefficiency, 2018

It is seen that only five states, Kerala, Sikkim, Goa, Punjab and Uttarakhand, were energy 
efficient States in 2018. Jharkhand and Bihar were very poor performing States in terms of 
energy output. Punjab, Kerala and Goa were consistently performing better in both 2005 and 
2018. On average, States are producing only 57 percent of their potential output, implying 
another 43 percent of output can be achieved without increasing the current energy spending. 
Nearly 30 percent of States are producing less than 30 percent of their potential output. Those 
States are operating below the all-State average, their energy performances are very low 
(inefficiency ranges from 50 to 90 percent). Seven States, Andhra Pradesh, Gujarat, Haryana, 
Madhya Pradesh, Sikkim, Tripura and Uttarakhand, have improved their energy efficiency 
during these selected years. Thus, there appears to be large scope for most State governments 
to take necessary steps to reduce their inefficiencies in the energy sector.

4.2.4 Road transport
Road transportation is the major form of physical infrastructure in India. For computing the 
efficiency of road transport, two outputs are considered, that is, the ratio of the total length of 

Table 17.8 (Continued)
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state highways to total road length and the total number of road accidents18 per thousand popu-
lation. The input is public spending on road transport to GSDP ratio.19 As mentioned earlier, 
the latest information on roads is available up to 2016; the efficiency analysis is conducted 
for 2005 and 2016. The output-oriented DEA results are shown in Table 17.9 (efficient) and 
Figure 17.9 (inefficiency).

Table 17.9 Road transport efficiency of Indian States (output oriented)

Output Oriented_2005 Output Oriented_2016

States Eff. Score Rank Eff. Score Rank Peer Group
Andhra Pradesh 0.26 24 0.70 9 Gujarat, Nagaland, West Bengal.
Arunachal Pradesh 0.21 25 1.00 1 Arunachal Pradesh.
Assam 0.31 21 0.31 23 Gujarat, Nagaland, West Bengal.
Bihar 1.00 1 0.69 10 Gujarat, Nagaland, West Bengal.
Chhattisgarh 0.34 19 0.43 15 Arunachal Pradesh, Gujarat, Nagaland.
Goa 0.18 26 0.17 28 Arunachal Pradesh, Gujarat.
Gujarat 0.87 4 1.00 1 Gujarat.
Haryana 0.63 8 0.34 20 Gujarat, Nagaland, West Bengal.
Himachal Pradesh 0.65 6 0.16 29 Arunachal Pradesh, Gujarat, Nagaland.
Jammu Kashmir 0.08 28 0.18 27 Nagaland, West Bengal.
Jharkhand 0.85 5 0.37 16 Gujarat, Nagaland, West Bengal.
Karnataka 0.55 9 0.54 13 Arunachal Pradesh, Gujarat.
Kerala 0.15 27 0.20 26 Gujarat, Nagaland, West Bengal.
Madhya Pradesh 0.39 17 0.35 18 Arunachal Pradesh, Gujarat, Nagaland.
Maharashtra 1.00 1 1.00 1 Maharashtra.
Manipur 0.55 10 0.34 21 Arunachal Pradesh, Gujarat, Nagaland.
Meghalaya 0.92 3 0.35 17 Arunachal Pradesh, Gujarat, Nagaland.
Mizoram 0.50 14 0.44 14 Arunachal Pradesh, Gujarat, Nagaland.
Nagaland 0.43 15 1.00 1 Nagaland.
Odisha 0.28 22 0.21 25 Arunachal Pradesh, Gujarat, Nagaland.
Punjab 0.39 18 1.00 1 Punjab.
Rajasthan 0.55 11 0.76 8 Gujarat, Nagaland, West Bengal.
Sikkim 0.64 7 0.55 12 Arunachal Pradesh, Gujarat, Nagaland.
Tamil Nadu 0.28 23 0.56 11 Gujarat, Maharashtra.
Telangana 0.34 19 Gujarat, Nagaland, West Bengal.

Tripura 0.31 20 0.26 24 Gujarat, Nagaland, West Bengal.
Uttar Pradesh 0.54 12 0.33 22 Gujarat, Nagaland, West Bengal.
Uttarakhand 0.50 13 0.91 7 Gujarat, Nagaland, West Bengal.
West Bengal 0.42 16 1.00 1 West Bengal.
Average 0.49 0.53

Source: Authors’ calculation.
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Figure 17.9 Road transport inefficiency, 2016

As shown in Table 17.9, Gujarat, West Bengal, Arunachal Pradesh, Punjab, Nagaland and 
Maharashtra (six States) were efficient in 2016, while Odisha, Kerala, Jammu Kashmir, Goa 
and Himachal Pradesh were the bottom five states in the road transport category. The average 
efficiency score is 0.53, implying the huge potential for improvement. States like Andhra 
Pradesh, Arunachal Pradesh, Nagaland, Punjab, Uttarakhand and West Bengal significantly 
improved their road transport efficiency between 2005 and 2016. The efficiency level of many 
States, such as Bihar, Haryana, Himachal Pradesh, Jharkhand, Madhya Pradesh, Manipur, 
Meghalaya and so on, has declined during this period. As reflected in Figure 17.9, many States 
are very poorly managing their public expenditure on road transport (inefficient).

4.3 General Services

In this section, the efficiencies of public works and police are examined.

4.3.1 Public works
The public works department is generally involved in construction activities and overall 
providing public services. Due to data constraints, we have chosen two outputs, that is, GSVA 
by the service sector as a percentage of GSDP and GSVA by the construction sector as a 
percentage of GSDP, and the input is public works expenditure as a percentage of GSDP. The 
efficiency results of public works are shown in Table 17.10.

The results show that, in 2018, Kerala, Karnataka, Chhattisgarh, Manipur, Andhra Pradesh 
and Telangana were the most efficient States while Sikkim was the least efficient State. Only 
three states, Kerala, Manipur and Andhra Pradesh, were efficient in both 2005 and 2018. The 
overall efficiency in public works has deteriorated from 0.87 to 0.80. Nearly half of the States 
are producing less output than the all-State average. Figure 17.10 shows the public works 
inefficiencies of many States, which ranges between 3 and 57 percent.
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Table 17.10 Public work efficiency of Indian States (output oriented)

Output Oriented_2005 Output Oriented_2018

States Eff. Score Rank Eff. Score Rank Peer Group

Andhra Pradesh 1.00 1 1.00 1 Andhra Pradesh.

Arunachal Pradesh 0.83 18 0.82 14 Chhattisgarh, Kerala.

Assam 0.78 21 0.76 18 Kerala, Manipur.

Bihar 0.93 11 0.97 7 Kerala, Manipur.

Chhattisgarh 0.62 27 1.00 1 Chhattisgarh.

Goa 0.76 23 0.57 27 Manipur, Telangana.

Gujarat 0.78 20 0.54 28 Karnataka, Kerala, Telangana.

Haryana 0.78 22 0.73 20 Karnataka, Kerala, Manipur.

Himachal Pradesh 1.00 1 0.68 23 Kerala, Manipur.

Jammu Kashmir 0.89 14 0.94 8 Kerala, Manipur.

Jharkhand 0.61 28 0.69 22 Kerala, Manipur.

Karnataka 0.85 16 1.00 1 Karnataka.

Kerala 1.00 1 1.00 1 Kerala.

Madhya Pradesh 0.76 24 0.62 25 Chhattisgarh, Kerala.

Maharashtra 0.98 10 0.90 11 Karnataka, Kerala, Telangana.

Manipur 1.00 1 1.00 1 Manipur.

Meghalaya 0.86 15 0.91 10 Kerala, Manipur.

Mizoram 1.00 9 0.80 15 Kerala, Manipur.

Nagaland 0.91 13 0.93 9 Kerala, Manipur.

Odisha 0.76 25 0.62 26 Kerala, Manipur.

Punjab 0.71 26 0.71 21 Karnataka, Kerala, Manipur.

Rajasthan 1.00 2 0.76 17 Karnataka, Kerala, Telangana.

Sikkim 1.00 2 0.43 29 Kerala, Manipur.

Tamil Nadu 1.00 2 0.87 13 Karnataka, Kerala, Manipur.

Telangana 1.00 1 Telangana.

Tripura 1.00 2 0.74 19 Kerala, Manipur.

Uttar Pradesh 0.79 19 0.76 16 Chhattisgarh, Kerala.

Uttarakhand 0.85 17 0.63 24 Kerala, Manipur.

West Bengal 0.92 12 0.88 12 Karnataka, Kerala, Manipur.

Average 0.87 0.80

Source: Authors’ calculation.
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4.3.2 Police
Police play a crucial role in every nation. The police efficiency is measured using two outputs 
and one input for both 2005 and 2018. Police expenditure to GSDP is used as an input. The 
two outputs are ‘case disposal rate’ and ‘charge sheeting rate’ by police.20 The case disposal 
rate is calculated as the ratio of total cases disposed of by police to total cases reported for 
investigation. Similarly, the charge sheeting rate is computed as total cases charge sheeted to 
total cases reported for investigation. The police efficiency results are displayed in Table 17.11.

Table 17.11 Police efficiency of Indian States (output oriented)

Output Oriented_2005 Output Oriented_2018

States Eff. Score Rank Eff. Score Rank Peer Group

Andhra Pradesh 0.97 7 0.86 12 Kerala.

Arunachal Pradesh 0.75 22 0.60 26 Kerala.

Assam 0.60 26 0.52 27 Madhya Pradesh.

Bihar 0.78 20 0.81 16 Kerala.

Chhattisgarh 1.00 1 0.96 8 Gujarat, Madhya Pradesh.

Goa 0.92 10 0.79 20 Gujarat, Madhya Pradesh.

Gujarat 1.00 1 1.00 1 Gujarat.

Haryana 0.89 13 0.76 23 Gujarat, Madhya Pradesh.

Himachal Pradesh 0.90 12 0.84 14 Gujarat, Kerala.

Jammu Kashmir 0.74 23 0.76 22 Kerala.

Jharkhand 0.70 25 0.64 25 Kerala.

Karnataka 0.83 17 1.00 1 Karnataka.
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Figure 17.10 Public work inefficiency, 2018

(Continued)
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Output Oriented_2005 Output Oriented_2018

States Eff. Score Rank Eff. Score Rank Peer Group

Kerala 0.91 11 1.00 1 Kerala.

Madhya Pradesh 1.00 4 1.00 1 Madhya Pradesh.

Maharashtra 0.89 14 0.77 21 Gujarat, Kerala.

Manipur 0.28 28 0.20 29 Madhya Pradesh.

Meghalaya 0.52 27 0.43 28 Kerala.

Mizoram 0.94 8 0.98 6 Gujarat, Madhya Pradesh.

Nagaland 0.74 24 0.80 18 Madhya Pradesh.

Odisha 0.93 9 0.89 10 Kerala.

Punjab 0.87 15 0.80 17 Kerala.

Rajasthan 0.99 6 0.99 5 Gujarat, Madhya Pradesh.

Sikkim 0.78 21 0.80 19 Madhya Pradesh.

Tamil Nadu 0.83 16 0.97 7 Gujarat, Kerala.

Telangana 0.81 15 Kerala.

Tripura 0.79 19 0.72 24 Kerala.

Uttar Pradesh 1.00 5 0.89 9 Madhya Pradesh.

Uttarakhand 1.00 1 0.88 11 Kerala.

West Bengal 0.80 18 0.86 13 Kerala.

Average 0.83 0.80

Source: Authors’ calculation.
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Figure 17.11 Police inefficiency, 2018
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The result shows that, out of 29 States, only four States were efficient in 2018. These efficient 
States are Kerala, Gujarat, Karnataka and Madhya Pradesh. Four north-eastern States, that is, 
Assam, Arunachal Pradesh, Meghalaya and Manipur, were the least efficient States. Madhya 
Pradesh and Gujarat are the only States which were efficient in both 2005 and 2018. The 
average police efficiency score of all States is 0.80, implying that output could be enhanced by 
20 percent using the current public spending. Some of these States, like Bihar, Jammu Kashmir, 
Karnataka, Kerala, Mizoram, Nagaland, Sikkim, Tamil Nadu and West Bengal, have margin-
ally improved during 2005 and 2018. The inefficiency level of Telangana, Bihar, Punjab, 
Nagaland, Sikkim and Goa is almost similar to the all-State average (Figure 17.11). The given 
figure also shows that the majority of States are inefficient. The inefficient States might follow 
their respective peer groups to enhance their output with the current level of spending.

A summary of the selected public sector efficiency rankings is given in Table 17.12. Out of 
11 public sectors, the efficiency trend has improved for water supply and sanitation, informa-
tion and broadcasting, rural development, irrigation and flood control and road transport 
during 2005 and 2018. Public spending on water supply and sanitation is used most efficiently 
whereas road transport is the least efficient.

5.  AGGREGATE PUBLIC SECTOR PERFORMANCE OF ALL STATES

After analyzing separately the efficiency of the selected public sector spendings, we are 
interested in evaluating the respective States’ overall performances. The overall public sector 
performance index21 for 2018 is computed using the Slacks-Based Measure of efficiency 
(SBM) model developed by Tone (2001). However, to obtain the aggregate public sector per-
formance index, first, we compute the overall social sector efficiency index,22 and combined 
economic and general sector efficiency index23 using the SBM approach. The empirical results 
with ranks are shown in Table 17.13.

In the social sector index, two western States (Goa and Maharashtra), two northern States 
(Himachal Pradesh and Punjab) and one north-eastern State (Nagaland) are efficient. However, 
the worst-performing States in the social sector are two each from the eastern region (Bihar and 
Jharkhand) and the central region (Madhya Pradesh and Uttar Pradesh). The remaining eastern 
and central region States are also performing below the all-State average. Rajasthan from the 
north and Andhra Pradesh from the south are poor performing States compared to other States 
of their region in the social sector.

Similarly, the results of the combined economic and general sector performance index show 
that four southern States (Andhra Pradesh, Karnataka, Kerala and Tamil Nadu), two each from 
western States (Gujarat and Maharashtra) and north-eastern States (Mizoram and Nagaland), 
one each from northern (Punjab), eastern (West Bengal) and central (Uttarakhand) States are 
efficient. Compared to the central States, eastern States have fared poorly in this sector. Most 
of the southern States and western States have better performance than the other regions in the 
economic and general sector.

Further, the aggregate performance index shows that Kerala, Maharashtra and Punjab are 
the most efficient in using their public spending, while eastern states such as Jharkhand, Bihar 
and Odisha along with two north-eastern States (Assam and Manipur) are very inefficient in 
their public spending. Except for the most efficient States (Kerala, Maharashtra and Punjab), 
the other three better-performing States are Gujarat, Tamil Nadu and Karnataka. Among the 
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Table 17.13 Combined public sector efficiency of Indian States

Social Sector Economic and General Sector Aggregate Public Sector

States Efficiency Rank Efficiency Rank Efficiency Rank
Andhra Pradesh 0.70 21 1.00 1 0.82 12
Arunachal Pradesh 0.78 17 0.60 18 0.68 17
Assam 0.68 24 0.34 27 0.45 28
Bihar 0.56 28 0.49 23 0.52 26
Chhattisgarh 0.71 19 0.77 14 0.74 16
Goa 1.00 1 0.43 24 0.60 22
Gujarat 0.88 9 1.00 1 0.94 6
Haryana 0.80 13 0.70 15 0.75 15
Himachal Pradesh 1.00 1 0.42 26 0.59 23
Jammu Kashmir 0.76 18 0.52 22 0.62 21
Jharkhand 0.54 29 0.29 29 0.38 29
Karnataka 0.80 14 1.00 1 0.89 8
Kerala 1.00 1 1.00 1 1.00 1
Madhya Pradesh 0.66 26 0.64 17 0.65 19
Maharashtra 1.00 1 1.00 1 1.00 1
Manipur 0.80 15 0.34 28 0.47 27
Meghalaya 0.67 25 0.60 19 0.63 20
Mizoram 0.93 8 1.00 1 0.96 5
Nagaland 1.00 1 1.00 1 1.00 1
Odisha 0.69 23 0.42 25 0.52 25
Punjab 1.00 1 1.00 1 1.00 1
Rajasthan 0.69 22 0.86 13 0.76 14
Sikkim 0.96 7 0.66 16 0.78 13
Tamil Nadu 0.86 10 1.00 1 0.92 7
Telangana 0.83 12 0.92 12 0.87 10
Tripura 0.83 11 0.56 20 0.67 18
Uttar Pradesh 0.57 27 0.53 21 0.55 24
Uttarakhand 0.78 16 1.00 1 0.88 9
West Bengal 0.70 20 1.00 1 0.82 11
Average 0.80 0.73 0.74

Source: Authors’ calculation.
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north-eastern States, Nagaland and Mizoram are utilizing their resources more efficiently than 
the other north-eastern States. Most of the central States (except Uttarakhand) are utilizing 
their resources below the average efficiency of all States.

What could be the possible reason for the better performance of the most efficient Indian 
States? Mohanty and Bhanumurthy (2020) pointed out that governance and economic growth 
play an important role in explaining efficiency in the education and social sectors. After check-
ing the governance and growth for 2018, we also find that the most efficient States, Kerala 
(rank 1), Tamil Nadu (rank 2), Karnataka (4), Gujarat (5), Maharashtra (6), Punjab (7) and so 
on are the top ranked in governance as per the Public Affairs Index score 2018. Their economic 
growths are also in double digits, that is, Gujarat (13.1 percent), Karnataka (13.8 percent), 
Kerala (11.4 percent), Punjab (11.8 percent), Tamil Nadu (11.3 percent) and Maharashtra (10.5 
percent). We have also found from our DEA results that all of these States have relatively better 
education, health and physical infrastructure. The combination of both social and economic 
infrastructure among these States might lead to better public spending efficiency. Political 
stability or strong pro-government sentiment might be another factor for improved efficiency 
in these States, although this could not be covered in this chapter due to data deficiency.

6.  SUMMARY AND CONCLUSIONS

As the level of public expenditure, efficiency becomes a crucial factor in any budget-making 
process, especially when there are hard budget constraints. In this chapter, an attempt has been 
made to understand the extent of efficiency across public sector expenditures at the state level. 
Therefore, the study attempts to estimate the efficiency of 11 major public sector expenditures 
among 29 states: education, health, water supply and sanitation, information and broadcasting, 
social welfare and nutrition, rural development, irrigation and flood control, energy, roads 
transport, police and public works. The study uses the output-oriented DEA approach (most 
appropriate in the Indian context), instead of input oriented, for measuring the efficiencies 
of the selected public sectors. Because the current public sector spending as a percent of 
GSDP is very low, further reduction in public spending might not be an option. Analyzing 
the public sector efficiencies and their rankings will help policymakers identify the best and 
worst-performing states in the respective public sectors. The analysis will portray the leaders 
and laggards of each of these major public sectors. This might help them to fine tune policies 
for the development of various public sectors.

Based on the output-oriented DEA results, the states that are performing better are Haryana, 
Himachal Pradesh, Kerala, Punjab, Sikkim, Tamil Nadu, and Telangana in Education; 
Himachal Pradesh, Karnataka, Kerala, Nagaland, Maharashtra and Mizoram in Health; Kerala, 
Maharashtra, Goa, Punjab, Sikkim, Manipur, Nagaland and Mizoram in Water Supply and 
Sanitation; Kerala, Gujarat, Punjab and Mizoram in Social Welfare and Nutrition; Karnataka, 
Kerala, Himachal Pradesh, Maharashtra and Punjab in Information and Broadcasting; Goa, 
Punjab, Assam, Madhya Pradesh and Tripura in Rural Development; Haryana, Kerala, 
Mizoram, Punjab and Tamil Nadu in Irrigation and Flood Control; Goa, Kerala, Punjab, Sikkim 
and Uttarakhand in Energy; Arunachal Pradesh, Gujarat, Maharashtra, Nagaland, Punjab and 
West Bengal in Road Transport; Andhra Pradesh, Chhattisgarh, Karnataka, Kerala, Manipur 
and Telangana in Public Works, and Karnataka, Kerala, Gujarat and Madhya Pradesh in Police. 
The overall public sector performance shows that Kerala, Maharashtra, Nagaland and Punjab 



Analysing public sector efficiency of the Indian States   405

(most efficient) followed by Mizoram, Gujarat, Tamil Nadu and Karnataka (nearly 90 percent 
or above) are efficiently using their public expenditure, while eastern states such as Jharkhand, 
Bihar and Odisha along with two north-eastern States (Assam and Manipur) are most inef-
ficient in their public spending. Most of the central States (except Uttarakhand) are utilizing 
their resources below the average efficiency of all States.

Our results reveal a significant variation in terms of inefficiencies across the sectors and 
the states as well as over the years. These inefficiencies imply that a higher budgetary sectoral 
allocation might not be sufficient for the production of the potential output. Public sector spending 
efficiency could be improved if the less efficient States would emulate the better-performing ones 
(peer groups). The inefficiencies of public sector spending suggest that there is a large scope for 
reforms that could impact the sector in such a way that those sectors/states could become efficient.

One of the major limitations of this study was the data constraints that limited the choice of 
sectors and variables (outputs) as well as limited the analysis in understanding what drives the 
divergences in the efficiency outcomes in those sectors/states. As discussed earlier, while the 
level of governance plays a crucial role in improving the efficiencies, due to limited informa-
tion, mapping the same to sectoral outputs could not be undertaken in this chapter and this 
could be attempted in the future.

NOTES

 1. Some more studies are reviewed in the literature review section.
 2. A report on State Finances by the Reserve Bank of India (2018) suggests that “Given the funding constraints 

on states’ budgets and rising borrowing costs, improving the efficiency of public expenditures holds the key to 
achieving the Fiscal Responsibility and Budget Management targets” (p. 2).

 3. The average public spending as a percentage of GSDP also ranges from 11 to 64 during the last three years, that 
is, from 2016−17 to 2018−19. Even the individual sectoral spending has a wide variation across States.

 4. However, there are some studies relating to macroeconomic and health system performance of Indian States using 
data envelopment analysis (see, for example, Sahoo & Acharya, 2012; Acharya & Sahoo, 2017; Acharya et al., 
2019; Mohanty et al., 2021; among others).

  5.  Mohanty and Bhanumurthy (2020) attempted to evaluate the public spending efficiency of education, health and 
the overall social sector.

 6. These are Andhra Pradesh, Arunachal Pradesh, Assam, Bihar, Chhattisgarh, Goa, Gujarat, Haryana, Himachal 
Pradesh, Jammu and Kashmir, Jharkhand, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Manipur, Meghalaya, 
Mizoram, Nagaland, Odisha, Punjab, Rajasthan, Sikkim, Tamil Nadu, Telangana, Tripura, Uttar Pradesh, Uttara-
khand and West Bengal. Union Territories and Islands are not included due to low reporting and data availability.

 7. The reasons are as follows. The three new States, namely, Chhattisgarh, Jharkhand and Uttarakhand were formed 
in November 2000, and would require some initial years to function smoothly. Any prior period analysis would 
force us to exclude these States from our analysis. Then, India has implemented the crucial institutional reforms 
of Fiscal Responsibility and Budget Management (FRBM) Acts, 2003 in 2004, which has a greater implication 
for the decision of State financing, especially the public expenditure part. Some of our output variables are only 
available from 2005 onwards. Therefore, due to data constraints, we have chosen 2005 as the beginning year and 
2018 or the latest information available as the end period of our analysis.

 8. For a given year, we have considered two-year averages of public spending and their current year output (the 
study period) for the empirical analysis as expenditures and outputs are not synchronously related.

 9. For example, police and public works are included under general services; education, health, water supply and 
sanitation, information and broadcasting and social welfare and nutrition are comprised under social services; 
and rural development, irrigation and flood control, energy and roads transport are encompassed under economic 
services of states budget.

10.  However,  in  few  cases  the DEA method may  underestimate  inefficiencies  as  it  assumes  that  all  the  on-line 
decision-making units (DMU) are efficient wherein they might have scope for improvement. Furthermore, there 
could be a possibility of overestimation of efficient units when there are many inputs and/or outputs relative to a 
small sample of DMUs (Sahoo & Mohapatra, 2001; Dutu & Sicari, 2016).

11. It is derived by adding the total number of Sub-health Centre (SCs), Primary Health Centre (PHCs) and Com-
munity Health Center (CHCs) per 1000 population.
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18.  Estimating returns to scale for the science and 
technology activities of Project 985 universities  
in China

  Yao-yao Song, Xian-tong Ren, Guo-liang Yang,  
and Zhong-cheng Guan

1. INTRODUCTION

One of the important issues in science and technology (S&T) management departments 
in China is the efficiency of scientific and technological resource utilisation. The national 
financial allocation for S&T is 1340.8 billion Yuan (RMB) (US$219.6 billion) from 2007 to 
2011, which is 2.7 times that for the period 2001 to 2005. The average annual growth rate 
is 23 per cent. At the same time, the number of R&D staff in China was nearly 2.6 million 
people in 2010, ranking first in the world. However, as public resources are still scarce and 
limited, the efficiency of S&T resource utilisation must be further improved. Thus, how to use 
these resources effectively and efficiently is currently a topic of public concern and a crucial 
issue facing S&T management departments. It is important that these issues, which include 
the rational allocation of the limited S&T resources to maximise the efficiencies of resource 
utilisation, be understood and mastered at the national macro-S&T management levels. 
Universities are an important base for training high-level innovative talented people in China, 
and as such, they are one of the main forces promoting and conducting basic research and high-
tech original innovation. They are also a vital force for solving major national S&T issues and 
achieving technology transfer. Therefore, to address these issues, the returns to scale (RTS) and 
efficiencies of S&T resource utilisation of research universities should be investigated first.

Since the reform and opening up of China three decades ago, universities have played an 
increasingly important role in China’s S&T development and have become an important part 
of the national innovation system. With the deepening of China’s reform of the education 
system and the intense emphasis on higher education, research projects and funds for scientific 
research have grown substantially.

From 2005 to 2009, research funding of universities in China increased from 24.23 billion 
Yuan (RMB) (US$3.9689 billion) to 45.62 billion Yuan (RMB) (US$7.4726 billion), an annual 
growth rate of more than 17 per cent. Under the central government’s S&T plan, universities 
undertook approximately 28 000 projects and received funding totalling approximately 
27.75 billion Yuan (RMB) (US$4.5455 billion), which accounted for more than a quarter 
(25.7 per cent) of the total funding of the national S&T programme from the central govern-
ment, a figure that has continued to grow in recent years. For example, in one part of basic 
research plan, called the ‘973 plan’ or the National Key Basic Research Programme, the 
proportion of the funding of projects undertaken by universities exceeds 50 per cent. Taking a 
university as an example, its research funding income approached 2.752 billion Yuan (RMB) 
(US$0.4508 billion) in 2010, an increase of 38.84 per cent over the previous year, and the 
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scale of funds accounted for 44.69 per cent of the total revenue of this particular university. 
Accordingly, as it can be concluded that research funding has become an important source of 
funding for the university sector in China, the scientific and effective management of research 
funding to enhance the efficient use of funds for scientific research becomes increasingly 
important.

In May 1998, General Secretary Ze-min Jiang of China declared in a meeting celebrating 
the 100th anniversary of Beijing University, ‘In order to achieve modernisation, China must 
have a number of the world’s leading universities at the advanced level.’ To implement the 
strategies developed to rejuvenate the country through science and education in a response to 
the CPC Central Committee and Jiang’s call, the Ministry of Education of China called for the 
implementation of the ‘Educational Revitalisation Action Plan for the 21st Century’, which 
focuses on creating world-class high-level universities, that is, the ‘985’ project. The ‘985’ 
project includes 39 universities, including Tsinghua University, Peking University, Xiamen 
University, Nanjing University, Fudan University and so on. In this chapter, we denote these 
universities, with the exception of the National University of Defence Science and Technology, 
as Project 985 universities.

The Project 985 universities, as the main bearers of research activities, represent the highest 
level of university research in China. A considerable proportion of university research funds 
flows into the Project 985 universities, with annual research funding for these universities all 
exceeding 300 million Yuan (RMB) (US$49.14 million). Accordingly, there is a need for an 
in-depth study regarding the efficiency and RTS of the use of these funds for scientific research 
at these universities, a study that can serve as the basis for national macro-S&T management 
departments to make relevant decisions.

RTS is an important issue in the analysis of organisational performance in that it can help 
decision makers (DMs) decide if the size of the organisation should be expanded or reduced. 
RTS, a classic economic concept, is tied to the relationship between production factors and vari-
ations of outputs. If the scale of production changes due to the proportional increase (decrease) 
of all production factors, the RTS measures the proportion of the change rate of output(s) with 
that of all input(s) (Pindyck and Rubinfeld, 2000). There are three types of RTS in production 
processes. If proportional change of outputs is the same, less or more than that of inputs, we 
classify RTS as constant returns to scale (CRS), decreasing returns to scale (DRS) or increasing 
returns to scale (IRS), respectively. For universities, if IRS is found, they have the following 
options: (1) expand their research inputs (for example, staff and research funding) or (2) merge 
their research operations to increase scale efficiency. On the contrary, if DRS is found, they 
should (1) decrease their research inputs or (2) split their research operations into smaller units. 
However, if CRS is found, these universities are running on the optimal scale size.

The traditional definition of RTS in economics is based on the idea of measuring radial 
changes in outputs caused by those of all inputs. However, in some real applications, the 
increase in scale is often caused by the inputs changing in unequal proportions. Based on 
the above thinking, Yang and Liu (2017) introduce directional RTS from a global and local 
(directional scale elasticity) perspective under the Pareto preference and provide specific 
formulations of directional RTS. See also Yang (2012).

This chapter aims to estimate the directional RTS of the S&T activities of 38 Project 985 
universities in China and addresses the following questions. Is the massive financial invest-
ment for S&T by the government being used efficiently? What are the efficiencies of S&T 
resource usage? Are these universities running on optimal scale? All of these issues relate to 
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the rational allocation of the limited S&T resources and provide basic information for related 
S&T policies developed by the management teams of these universities and national S&T 
macro-management departments.

The chapter is organised as follows. Section 2 presents the methodology used in this chapter 
to analyse the directional RTS of the S&T activities of these universities using the methods 
proposed by Yang and Liu (2017) and Yang et al. (2019). In section 3, we discuss the results 
of the analyses, including the directional RTS and the congestion effect. The conclusions and 
discussions are provided in section 4.

2.  METHODOLOGY

2.1 Input–Output Indicators

Performance management has become common in government-managed organisations in 
the past few years as a consequence of two principal factors: a) an increased demand for 
accountability by governing bodies, press and the general public and b) a growing commitment 
by organisations to focus on results to improve performance (Poister, 2003). The dictionary 
definition of ‘performance’ emphasises the situation of the organisation in the present or in 
the past, but not in the future. By this definition, ‘performance’ is observable and measur-
able − theoretically at least. However, economic ‘performance’ emphasises anticipated future 
results, which may be an estimation based on past or present behaviours of the organisation 
shown over a defined period of time. These two definitions reflect the two main stages of the 
theoretical development of performance measurement (Meyer, 2002). Meyer (2002 (page 30)) 
proposed seven purposes for these performance measures. He suggests that large and complex 
organisations require more from their measures than do smaller entities. The latter may only 
need measures that ‘look ahead, look back, motivate and compensate people’ whereas more 
complicated organisations require measures that ‘roll up from the bottom to the top of the 
organisation, to cascade down from top to bottom, and to facilitate performance comparisons 
across business and functional units’.

The development of performance management during the past decade indicates a change 
from the output (result) model to the objective − process − result model (Zhang et al., 2011). 
Geisler (2000) defined metrics for evaluating scientific work as ‘a system of measurement that 
includes: (1) the objective being measured; (2) the units to be measured; (3) the value of the 
units’. Keeney and Gregory (2005) studied how to select measures effectively to determine 
whether bodies that operate in such an environment are meeting their targets (that is, assess-
ment indicators). Roper et al. (2004) discussed the indicators for the pre-assessment of public 
R&D funding based on the beneficial outcomes that increased knowledge provided to society. 
Moreover, Soft Systems Methodology (SSM) can be used to analyse systematically the opera-
tion of research institutions to build a relatively more complete and reasonable set of evaluation 
indicators based on the 3E theory (efficacy, efficiency, effectiveness) (Meng et al., 2007; 
Mingers et al., 2009). Zhang et al. (2011) proposed strategy maps for national research institutes 
(NRIs) based on discussions on the general rules of research activities so that managers can more 
clearly, accurately and logically describe the strategies of their organisations. In the real practice 
of analysing relative efficiencies and the RTS of universities so they can improve efficiencies 
of S&T resource utilisation and thereby play a more important role in the fields of economic 
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development, social progress and national defence are important issues for the management of 
these universities. In the statistical practice of S&T activities of universities in China, dozens of 
quantitative indicators (for example, publications, awards, patents, staff, talents, funds, graduate 
training) are used to monitor the annual development status of these universities.

From the above studies, we note that there exist dozens of quantitative indicators for the inputs 
and outputs of the S&T activities of Project 985 universities. In this chapter, we use the indica-
tors in ‘S&T statistics compilation in 2017’, which is published by the Ministry of Education 
in China, to analyse the directional RTS for the S&T activities of the Project 985 universities.

These indicators include: (1) input indicators: teaching and research staff (STAFF) and 
S&T funds (FUND); (2) output indicators: monographs, papers, technology transfer income 
(TT INCOME) and awards. As input indicators, STAFF refers to the employees registered in 
the universities in the statistical year who are engaged in teaching, research and development, 
applications of research and development results and scientific and technological services as 
well as those serving the above works, such as the foreign and domestic experts from outside 
the higher education system whose accumulated work time is more than one month. FUND 
denotes the total income of the universities, including research funding and block grants in 
the statistical year. As output indicators, monographs denote the academic works of a more 
comprehensive specialised topic of a subject. Papers denote the publications in important 
international and domestic journals in the statistical year. TT INCOME denotes the total 
income from the process of technology transfer in the university in the statistical year. Award 
refers to something given to a person or a group of people in the university to recognise their 
excellence in a certain field in the statistical year. Based on these indicators, we investigate the 
directional RTS of the S&T activities of 38 Project 985 universities in China in 2016.

2.2 Data

We provide the following descriptive statistics for the input−output data of the S&T activities 
of 38 Project 985 universities (denoted by DMU1~DMU38) in China in 2016. See Table 18.1. 
The list of names of those universities can also be found in Table 18.2. Detailed data are listed 
in Table 18.5 in section 3.2.

Table 18.1  Descriptive statistics for data of the S&T activities of 38 Project 985 
universities in China in 2016

Variables

Input indicators Output indicators

STAFF 
(Number) 

FUND
(RMB in 
million) 

Monograph
(Number)

Paper 
(Number)

TT income 
(RMB in 
million)

Award 
(Number)

Mean 4910.2895 1 929 039.2368 27.5000 7105.3421 29 575.2632 35.6053 
Standard 
Deviation 3807.2960 1 204 489.5224 19.8425 4501.1753 63 782.5311 26.6503 

Max 13 905.0000 5 168 392.0000 70.0000 20 701.0000 302 898.0000 112.0000 
Min 249.0000 15 933.0000 0.0000 110.0000 0.0000 0.0000 
Median 2779.5000 1 654 041.5000 27.0000 6373.5000 3756.0000 29.5000 

Source: S&T statistics compilation in 2017.
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Table 18.2 List of Project 985 universities

DMUs Universities DMUs Universities

DMU1 Beijing University DMU20 Southeast University

DMU2 Renmin University of China DMU21 Zhejiang University

DMU3 Tsinghua University DMU22
University of Science and Technology of 
China

DMU4 Beihang University DMU23 Xiamen University

DMU5 Beijing Institute of Technology DMU24 Shandong University

DMU6 China Agricultural University DMU25 Ocean University of China

DMU7 Beijing Normal University DMU26 Wuhan University

DMU8 Minzu University of China DMU27
Huazhong University of Science and 
Technology

DMU9 Nankai University DMU28 Hunan University

DMU10 Tianjin University DMU29 Central South University

DMU11 Dalian University of Technology DMU30 Sun Yat-sen University

DMU12 Northeastern University DMU31 South China University of Technology

DMU13 Jilin University DMU32 Chongqing University

DMU14 Harbin Institute of Technology DMU33 Sichuan University

DMU15 Fudan University DMU34
University of Electronic Science and 
Technology

DMU16 Tongji University DMU35 Xi’an Jiaotong University

DMU17 Shanghai Jiaotong University DMU36 Northwestern Polytechnical University

DMU18 East China Normal University DMU37 Northwest A&F University

DMU19 Nanjing University DMU38 Lanzhou University

The dataset comes from the official report, ‘S&T statistics compilation in 2017’, which is distributed throughout 
China. The report can be found in the main libraries throughout China, such as the National Science Library of the 
Chinese Academy of Sciences in Beijing and so on. 

2.3 Existing Approaches for Directional RTS and Congestion

In the public sector, the production function often cannot be formulated as F(Y, X) = 0. 
Therefore, the data envelopment analysis (DEA) method is one of the most commonly used 
approaches for the analysis of RTS on the public sector (for example, research institutions) 
(Fox, 2002). The estimation of the RTS of DMUs using the DEA method was first investigated 
by Banker (1984) and Banker et al. (1984). Banker (1984) introduced the RTS to economics 
through the DEA framework and proposed the method to determine the RTS of DMUs in DEA 
models, which extended the application area of the DEA from relative efficiency evaluation 
to RTS measurement. He used the Charnes, Cooper and Rhodes (CCR)-DEA model with 
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radial measure to estimate the DMUs’ RTS. Soon after, Banker et al. (1984) proposed the 
Banker, Charnes and Cooper (BCC)-DEA model under the assumption of a variable RTS and 
investigated how to apply the BCC-DEA model to estimate the RTS of DMUs. Soleimani-
damaneh (2012) discussed the PPS (production possibility set)-based definition of RTS, lead-
ing to a modified definition of RTS, which is suitable in the presence of multiple supporting 
hyperplanes passing through the unit under assessment. Thus far, an important group of the 
studies of DMUs’ RTS are DEA based, and these research efforts can be roughly divided into 
two categories.
  (1) RTS measurement using radial DEA models. The most well-known approach for deter-
mining the RTS of DMUs is to calculate the value of *

1 λΣ =j
n

j  in CCR-DEA models, where λ*
j  

denotes the jth weight of DMUj. Banker et al. (1984) proposed the method to examine the 
intercept of the supporting hyperplane on the PPS under the variable RTS assumption. This 
intercept corresponds to a dual variable regarding the convex constraint in the BCC-DEA 
model. Färe and Grosskopf (1985) and Färe et al. (1983, 1985, 1994) used the Färe, Grosskopf 
and Lovell (FGL)-DEA model to measure the scale elasticity (SE). Førsund (1996) discussed 
the quantitative measurement of SE and RTS, which was extended further to mathematical 
characterisations of SE for both frontier and non-frontier units by Fukuyama (2000). Huang 
et al. (1997), Kerstens and Vanden Eeckaut (1998) and Read and Thanassoulis (2000) inves-
tigated the quantitative measurement of SE in DEA models. Research efforts related to this 
approach can be found in Chang and Guh (1991), Banker and Thrall (1992), Zhu and Shen 
(1995), Banker et al. (1996a, 1996b), Seiford and Zhu (1998, 1999), Tone (1996), Golany and 
Yu (1997), Sueyoshi (1999), Cooper et al. (2000), Tone and Sahoo (2003) and so on.

(2) RTS measurement using non-radial DEA models. Banker et al. (2004) discussed the RTS 
measurement using the additive model and multiplicative model. Sueyoshi and Sekitani (2005) 
explored the RTS measurement using dynamic DEA, a production scheme that includes a feed-
back process. Zarepisheh et al. (2010) discussed the RTS issue in multiplicative models, which 
is a single model in one stage that differs from the two-stage method proposed by Banker et al. 
(2004). Lozano and Gutierrez (2011) analysed the RTS of 41 Spanish airports using the DEA 
model with the Russell measure. Khodabakhshi et al. (2010) discussed the RTS issue in vague 
DEA models. Sueyoshi and Sekitani (2007) theoretically explored the measurement of RTS 
using a non-radial model with a range-adjusted measure. A new linear programming RAM/
RTS approach was proposed to address the simultaneous occurrence of multiple reference sets, 
multiple supporting hyperplanes and multiple projections. Soleimani-damaneh et al. (2006) 
explored the RTS measurement in the FDH model. Fukuyama (2003) studied RTS in the DEA 
framework in the context of the directional technology distance function. In fact, in the RTS 
measurement, the projections on the efficient frontier of DMUs within the PPS are different 
between radial DEA models and non-radial DEA models, but this difference does not affect 
the RTS of DMUs on the efficient frontier.

The existing RTS measurements in DEA models are all based on the definition of RTS in the 
DEA framework of Banker (1984). It is noted that the directional RTS in the DEA framework 
in this chapter is very different from those of classic RTSs using either radial or non-radial 
DEA models. The traditional definition of RTS adopted in Banker’s framework is based on 
the notion that the measure of radial or non-radial changes in outputs is the result of the radial 
changes of all inputs (that is, all components of inputs change in the same proportion). Yang 
and Liu (2017) argued that, due to the complexity of research activities in research institutions, 
it can often be observed that production factors are not necessarily tied together proportionally, 
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and inputs often change non-proportionally. Based on this observation, Yang and Liu (2017) 
introduced directional RTS from a global and local (directional scale elasticity) perspective 
under the Pareto preference and provides specific formulations of directional RTS assuming 
that the inputs change in different proportions. In addition, Yang and Liu (2017) demonstrated 
that traditional RTS is a special case of directional RTS with a radial direction, such that 
directional RTS can provide a basis for decisions regarding the further development of such 
production processes.

In the process of estimating RTS based on the production function or the PPS, a conges-
tion effect is often involved. Essentially, the congestion effect describes the issue of exces-
sive inputs (Wei and Yan, 2004). A congestion effect means the reduction of one (or some) 
input(s) will result in the increase of possibly one (or some) output(s) under the premise 
that other inputs or outputs do not deteriorate (Cooper et al., 2004). Färe and Grosskopf 
(1983, 1985) investigated the congestion effect using quantitative methods and proposed 
corresponding DEA models to address this issue. Soon after, Cooper et al. (1996) proposed 
another model to study the congestion effect. Cooper et al. (2001) compared the similarities 
and differences of the above two models. Wei and Yan (2004) and Tone and Sahoo (2004) 
built a new DEA model based on the new PPS under the assumption of weak disposal to 
detect the congestion effect of DMUs, which is denoted by the Wei-Yan-Tone-Sahoo (WY-
TS) model. The above methods for congestion are based on the premise of radial changes 
in all inputs and outputs.

In this chapter, we will analyse the directional RTS of these universities to determine 
whether and how the inputs of these DMUs are to be expanded or further reduced. In particular, 
we determine whether there exists a directional congestion effect. If a directional congestion 
effect exists, we should not increase inputs of DMUs in the same direction as the congestion 
effect.
2.3.1 Directional RTS
The definition of directional scale elasticity in economics in the case of multiple inputs and 
multiple outputs proposed by Yang and Liu (2017) is , ,0 0 1 1 0 0ω δ( )( ) ( )= −Σ Σ=

∂
∂ =

∂
∂e Y X x y Y Xi

m F
x i i r

S F
y r ri r

  
, ,1 1 0 0ω δ( ) ( )Σ Σ =

∂
∂X x y Y XF

x i i r
S F

y r ri r
, where F(Y, X) = 0 denotes the production function and ( ),0 0e Y X  stands for the 

scale elasticity at the point of ( ),0 0Y X . Besides, we suppose the production function is con-
tinuously differentiable in the directions of ω ω ω( ), ,...,1 2 m

T
 and δ δ δ( ), ,...,1 2 s

T
, and 1δΣ == sr

S
r  

and 1ωΣ == mi
m

i  hold. The traditional scale elasticity only considers the elasticity for the input 
change along the diagonal directional, while ours considers all possible directions.

Remark 18.1. In many applications, the above formula may not hold. In such a case, the 
differential in the above formula must be replaced by the left-hand directional derivative  
(t → 0−) and the right-hand directional derivative (t → 0+) such that we will have the left-hand 
and right-hand scale elasticities (see Banker, 1984; Podinovski and Førsund, 2010; Atici and 
Podinovski, 2012).

Suppose there are n DMUs to be evaluated that are indexed by j = 1, . . ., n and each DMU 
is assumed to produce s different outputs from m different inputs, donated, respectively, by  
xj = (x1j, . . ., xmj) and yj = (y1j, . . ., xsj). Further, assume that all components of vectors xj and yj for 
all DMUs are non-negative, and at the same time, each DMU has at least one strictly positive 
input and one strictly positive output. We assume yr0(r = 1, 2, . . ., s) and xi0(i = 1, 2, . . ., m) 
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as the output and input values of DMU0, which is the DMU to be evaluated and denoted by 
DMU(Y0, X0). Based on the above definition of directional scale elasticity, Yang and Liu (2017) 
proposed the definition of directional RTS in a DEA framework based on the production 
possibility set (PPS) as follows.

Definition 18.1. Assuming DMU(X0, Y0) ∈ PPS and ∈ ∈+ +,0 0X R Y Rm s , the directional RTS 
can be defined as β β{ }( )( ) = Ω Φ ∈ ≠βmax , and 00 0t X Y PPS tt .

Therein, ω ω{ }Ω = + +, ...,1 11diag t tt m  and δ β δ β{ }Φ = + +β , ...,1 11diag s , i{ }diag  denotes 
the diagonal matrix, ω ω ω( ) ( )≥ =, ..., , , ...,0 11 i mm

T

i  and δ δ δ( ) ( )≥ =, ..., , , ...,0 11 r ss

T

r  repre-
sent input and output directions, respectively, and satisfy and1 1ω δΣ = Σ == =m si

m
i r

S
r

 where t, β 
are input and output scaling factors, respectively.

If we further set the following definition of the limit function for the directional RTS,

 ρ
β ( )

=−

→ −
lim

0

t
tt

 (18.1)

 ρ
β ( )

=+

→ +
lim

0

t
tt

 (18.2)

then, we have

(a) if ρ− > 1 (or ρ+ > 1) holds, then increasing directional RTS prevails on the left-hand (or 
right-hand) side of this point (X0, Y0) in the direction of (ω1, ω2, . . ., ωm)T and (δ1, δ2, . . ., 
δs)

T;
(b) if ρ− = 1 (or ρ+ = 1) holds, then constant directional RTS prevails on the left-hand (or 

right-hand) side of this point (X0, Y0) in the direction of (ω1, ω2, . . ., ωm)T and (δ1, δ2, . . ., 
δs)

T;
(c) if ρ− < 1 (or ρ+ < 1) holds, then decreasing directional RTS prevails on the left-hand (or 

right-hand) side of this point (X0, Y0) in the direction of (ω1, ω2, . . ., ωm)T and (δ1, δ2, . . ., 
δs)

T.

Definition 18.2. The weakly and strongly efficient frontiers of PPS are defined as follows.
(1) Weakly efficient frontier:

     ( ) ( ){ }( ) ( )= ∈ ∈ − < −, | there is no , such that , ,  EF X Y PPS X Y PPS X Y X Yweak  (18.3a)

(2) Strongly efficient frontier:

 EF
PPS, | there is no ,

such that , , and , ,  
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( ) ( )

=
∈ ∈

− ≤ − ≠













X Y PPS X Y

X Y X Y X Y X Y
  (18.3b)
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The following method is used to estimate the directional RTS based on Definition 18.1 
(Yang and Liu 2017). For the strongly efficient DMU(X0, Y0) on the strongly efficient frontier 
in the BCC-DEA model, its directional scale elasticity is determined using Model (18.4):

 ρ ρ
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µ

µ
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where U = (u1, u2, . . ., us)
T and V = (v1, v2, . . ., vm)T are vectors of multipliers and Δ = diag 

{δ1, δ2, . . ., δs) and W = diag {ω1, ω2, . . ., ωm} are matrixes of input and output directions, 
respectively.

Based on the optimal solutions of Model (18.4), we employ the following procedure for 
determining the directional RTS of DMU (X0, Y0), which is a strongly efficient DMU on the 
strongly efficient frontier of PPS in the BCC-DEA model (denoted as PBCC(X, Y)1), in the 
direction of (ω1, . . ., ωm)T and (δ1, . . ., δs)

T.

(1) The directional RTS to the right of DMU(X0, Y0):

 (a) ρ ( ) >, 10 0X Y , increasing directional RTS prevails;

 (b) ρ ( ) =, 10 0X Y , constant directional RTS prevails;

 (c) ρ ( ) <, 10 0X Y , decreasing directional RTS prevails.
(2) The directional RTS to the left of DMU(X0, Y0):

 (a) ρ ( ) >, 10 0X Y , increasing directional RTS prevails;

 (b) ρ ( ) =, 10 0X Y , constant directional RTS prevails;

 (c) ρ ( ) <, 10 0X Y , decreasing directional RTS prevails;

 (d) if the optimal objective value ρ ( ),0 0X Y  of Model (18.4) is unbounded (+∞), there 
are no data to determine the directional RTS to the left of DMU(X0, Y0).

For inefficient or weakly efficient DMUs on a weakly efficient frontier, we project them 
onto the strongly efficient frontier using DEA models and estimate the directional RTS to the 
right and left according to the directional RTS of these projections.

Obviously, as Model (18.4) is fractional programming, it is difficult to solve. Therefore, we 
transform it into equivalent mathematical programming (Model 5) through a Charnes-Cooper 
transformation (Charnes and Cooper, 1962).
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We obtain the directional scale elasticity, the directional RTS of DMU(X0, Y0) and its optimal 
input direction by solving Model (18.5).

2.3.2 Directional congestion
Yang and Liu (2017) argued that, due to the complexity of research activities in research 
institutions, it can often be observed that production factors are not necessarily tied together 
proportionally, and inputs change non-proportionally. Accordingly, Yang et al. (2019) intro-
duced the concept of directional congestion under the Pareto preference and offer specific 
formulations and models. The methods they proposed are as follows.

For the strongly efficient DMU(X0, Y0) on the strongly efficient frontier of the production 
possibility set (denoted by Pconvex (X, Y)2) determined in Model (18.6):

 

∑

∑

∑
θ θ

λ

λ θ

λ

λ

=

= =

− = =

= =

≥

















+

+

max    . .

, , ...,      

, , ...,  

,  , ...,

,           

1

1

1 1

0

0

0

0 0
s t

x x i m

y s y r s

j n

s

j ij i
j

j rj r r
j

j
j

j r

 (18.6)

The directional scale elasticity of DMU(X0, Y0) can be determined through the following 
Model (18.7):
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We transform Model (18.7) into an equivalent mathematical programming (Model 18.8) 
through Charnes-Cooper transformation (Charnes and Cooper, 1962) as follows.
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Based on the results of Model (18.8), we apply the following procedure for determining the 
congestion effect of strongly efficient DMU(X0, Y0) on strongly efficient frontier of Pconvex(X, Y)  
in the direction of (ω1, . . ., ωm)T and (δ1, . . ., δs)

T.
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(1) If the optimal objective value ρ ( ),0 0X Y  in Model (18.8) is bounded and satisfies
ρ ( ) <, 00 0X Y , the directional congestion effect occurs to the right of DMU(X0, Y0). 
Otherwise, if the optimal objective value ρ ( ),0 0X Y  in Model (18.8) is unbounded 
(-∞), there are no data to determine the directional congestion effect to the ‘right’ of 
DMU(X0, Y0).

(2) If the optimal objective value ρ ( ),0 0X Y  in Model (18.8) is bounded and satisfies
ρ ( ) <, 00 0X Y , the directional congestion effect occurs to the left of DMU(X0, Y0). 
Otherwise, if the optimal objective value ρ ( ),0 0X Y  in Model (18.8) is unbounded 
(+∞),  there are no data  to determine  the directional congestion effect  to  the  ‘left’ of 
DMU(X0, Y0).

We project inefficient or weakly efficient DMUs onto the strongly efficient frontier using 
DEA models such that we can detect the directional congestion effect to the right and left 
according to the projections.

3.  ANALYSIS RESULTS OF DIRECTIONAL RTS AND DIRECTION 
CONGESTION EFFECT

3.1 Directional RTS

First, we determine the strongly efficient frontier using the input-based BCC-DEA model 
(Model 18.9) with radial measurement.
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Using Model (18.9), we obtain the efficiencies and slacks of the S&T activities of 38 
Project 985 universities in China in 2016. We obtain the projections of these universities on 
the strongly efficient frontier (See Table 18.3) using formula (18.10).

 � �θ← − = ← + =− +, , ...,  ;  , , ...,* * *1 10 0 0 0 0x x s i m y y s r si i i r r r  (18.10)

Second, we determine the directional RTS of the S&T activities of 38 projected Project 985 
universities in China in 2016 using Model (18.5) in section 2. We use DMU4 as an example 
because it offers interesting results. Without loss of generality, we set the output directions as 
δ1 = δ2 = δ3 = δ4 = 1. See Table 18.4 and Figures 18.1−18.2 for details.
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Table 18.3  Projections of the S&T activities of 38 Project 985 universities on the strong 
efficient frontier produced by Model (18.9)

Universities

Input indicators Output indicators

STAFF 
(Number)

FUND 
(RMB in 
million)

Monograph 
(Number)

Paper 
(Number)

TT income 
(RMB in 
million)

Award 
(Number)

DMU1 10 343 2 666 622 56 15 489 14 445 90
DMU2 227 85 145 10 725 10 490 6
DMU3 5583 5 168 392 63 9016 302 898 86
DMU4 2315 2 701 240 8 7384 2576 24
DMU5 2439 2 625 658 41 6305 253 765 28
DMU6 1597 1 263 808 35 3520 22 396 27
DMU7 1251 628 449 29 2197 17 235 21
DMU8 249 15 933 4 622 0 0
DMU9 1913 608 330 8 3521 29 156 12
DMU10 3049 2 514 015 12 8527 36 653 14
DMU11 2877 1 389 060 33 5954 500 53
DMU12 2325 1 607 640 70 4094 48 045 49
DMU13 7578 1 306 589 42 10 380 7356 86
DMU14 3451 2 439 908 30 9367 566 40
DMU15 6872 2 424 153 41 12 529 65 034 42
DMU16 3200 1 558 495 33 6843 8806 41
DMU17 13 333 3 655 869 56 20701 12 574 88
DMU18 874 416 436 11 2088 2516 9
DMU19 1799 1 086 248 32 3744 13 961 32
DMU20 3378 1 375 889 38 6442 20 995 36
DMU21 7085 2 787 716 50 11 103 101 208 83
DMU22 1583 1 632 785 7 4853 6400 14
DMU23 1367 643 471 16 2964 267 22
DMU24 5683 1 084 113 30 8462 15 300 45
DMU25 1833 637 587 13 3904 1950 17
DMU26 7926 1 447 858 52 10 575 7400 104
DMU27 9368 3 151 857 64 11 745 14 972 51
DMU28 1183 512 312 11 2700 2650 13
DMU29 8751 1 439 111 50 11 539 1980 112
DMU30 6615 2 730 226 44 12 463 11 129 57
DMU31 2645 2 409 116 27 7101 89 671 33
DMU32 2569 820 863 16 5272 712 24
DMU33 9899 2 139 423 46 15 777 47 223 42

(Continued)
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Universities

Input indicators Output indicators

STAFF 
(Number)

FUND 
(RMB in 
million)

Monograph 
(Number)

Paper 
(Number)

TT income 
(RMB in 
million)

Award 
(Number)

DMU34 1948 891 304 27 3980 12 262 25
DMU35 4658 1 097 547 28 7220 36 900 38
DMU36 1966 1 801 188 32 4901 20 500 30
DMU37 2476 566 200 17 4108 10 153 16
DMU38 1422 306 200 10 2503 311 14

Table 18.4 Directional RTS of the S&T activities of DMU4 in China in 2016

DMU ω1 ω2

ρ

(Lower 
bound)

ρ

(Upper 
bound)

Directional 
RTS (right)

Directional 
RTS (left)

DMU4

0.1 1.9 0.05 0.76 Decreasing Decreasing
0.2 1.8 0.11 0.78 Decreasing Decreasing
0.3 1.7 0.16 0.81 Decreasing Decreasing
0.4 1.6 0.22 0.83 Decreasing Decreasing
0.5 1.5 0.27 0.86 Decreasing Decreasing
0.6 1.4 0.33 0.88 Decreasing Decreasing
0.7 1.3 0.38 0.91 Decreasing Decreasing
0.8 1.2 0.44 0.93 Decreasing Decreasing
0.9 1.1 0.49 0.96 Decreasing Decreasing
1 1 0.54 1.05 Decreasing Increasing

1.1 0.9 0.60 1.16 Decreasing Increasing
1.2 0.8 0.65 1.27 Decreasing Increasing
1.3 0.7 0.71 1.37 Decreasing Increasing
1.4 0.6 0.76 1.48 Decreasing Increasing
1.5 0.5 0.82 1.58 Decreasing Increasing
1.6 0.4 0.87 1.69 Decreasing Increasing
1.7 0.3 0.93 1.79 Decreasing Increasing
1.8 0.2 0.98 1.90 Decreasing Increasing
1.9 0.1 1.03 2.00 Increasing Increasing

In columns 2 and 3 of Table 18.4, it is evident that the right-hand and left-hand directional 
RTSs of DMU4 are in different input directions. The lower and upper bounds of Model (18.5) 
are presented in columns 4 and 5. According to the procedure for determining the directional 
RTS in section 2.3.1, we know the types of directional RTS in different input directions. Based 

Table 18.3 (Continued)
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on the types of directional RTS in different input directions, we can illustrate the types of 
directional RTS of DMU4 using Figures 18.1−18.2.

The above analysis yields the following findings. On the basis of existing inputs, if STAFF 
and FUND increase with the proportion located in R1, decreasing directional RTS prevails, 
otherwise constant or increasing directional RTS prevails. If STAFF and FUND decrease in 
radial proportion, decreasing directional RTS prevails. If the proportion of STAFF and FUND 
is located in the R1 area in Figure 18.2, increasing directional RTS prevails. If the proportion of 
input decrease is located in the R3 area, decreasing directional RTS prevails. If the proportion 
of input decrease is located in the R2 area, constant directional RTS prevails. See Figure 18.2.

Similarly, we have the directional RTS to the ‘right’ and ‘left’ of other DMUs. The direc-
tional RTS of the S&T activities of these 38 Project 985 universities can serve as one of the 
bases for decisions regarding organisational adjustments for these universities.

3.2 Directional Congestion Effect

As previously mentioned herein, a congestion effect describes the issue of excessive inputs 
(Wei and Yan, 2004). In this case, an increase (decrease) in one or more inputs causes a 

O
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Figure 18.1 Directional RTS to the right of DMU4 
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R1:
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Figure 18.2. Directional RTS to the left of DMU4
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decrease (increase) in one or more outputs (Cooper et al., 2001). For a university, if there 
exists a congestion effect, its inputs should be decreased so that its outputs can increase. 
This information is also important for DMs when determining the S&T resource allocation. 
Therefore, in this section, we determine whether there exists a congestion effect. Furthermore, 
if a congestion effect exists, we identify the directions of the congestion effect so we can assess 
whether an increase (decrease) in multiple inputs of these universities in a specific direction 
causes the decrease (increase) in one or more outputs.

We first detect the congestion effect of the S&T activities of 38 Project 985 universities 
using the WY-TS model (Wei and Yan, 2004; Tone and Sahoo, 2004; Kao, 2010) based on the 
input−output data of these universities. We use the following model to measure pure technical 
efficiency (Tone and Sahoo, 2004; Kao, 2010):
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According to Model (18.11), we obtain the efficiencies and slacks of the S&T activities of 
38 Project 985 universities in China in 2016. We use the following Model (18.12) to obtain the 
projections of the S&T activities of 38 Project 985 universities on the strongly efficient frontier 
of Pconvex(X, Y) produced by Model (18.11) (Wei and Yan, 2004; Tone and Sahoo, 2004). See 
Table 18.5 for details.
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We further put the corresponding projections of these DMUs into the original dataset, and 
we then obtain the efficiencies and slacks of their projections using the output-based BCC-
DEA model in Model (18.13).
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where ε > 0 is a non-Archimedean construct. Note that Model (18.13) differs from Model 
(18.11) only in the first constraint set where , , ...,Σ λ + = =− 10x s x i m

j
j ij i i  is replaced by 

, , ...,Σ λ = =10x x i m
j

j ij i . The equality constraints in Model (18.13) are stronger than the 
inequality constraints of Model (18.11).

As proposed by Tone and Sahoo (2004) and Kao (2010), the congestion effect can be 
reflected in the results of θ*, since it not only reveals the improvement from θ0 but also from 
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Table 18.5  Projections of the S&T activities of 38 Project 985 universities on the strong 
efficient frontier produced by Model (18.12)

Universities

Input indicators Output indicators

STAFF 
(Number)

FUND (RMB 
in million)

Monograph 
(Number)

Paper 
(Number)

TT income 
(RMB in 
million)

Award 
(Number)

DMU1 13 905 2 846 243 56 15 489 14 445 29
DMU2 270 85 196 1 110 0 2
DMU3 5583 5 168 392 63 9016 302 898 86
DMU4 2315 2 701 240 8 7384 2576 24
DMU5 2439 2 625 658 41 6305 253 765 28
DMU6 1957 1 684 420 38 4431 25 086 33
DMU7 1424 680 526 31 2434 18 160 24
DMU8 249 15 933 4 622 0 0
DMU9 1913 608 330 8 3521 29 156 12
DMU10 3049 2 514 015 12 8527 36 653 14
DMU11 2877 1 389 060 33 5954 500 53
DMU12 2325 1 607 640 70 4094 48 045 49
DMU13 9417 1 623 663 51 12 073 3890 101
DMU14 3451 2 439 908 30 9367 566 40
DMU15 10 147 3 579 478 53 16 416 85 211 75
DMU16 6037 2 940 106 52 10 736 66 353 64
DMU17 13 333 3 655 869 56 20 701 12 574 88
DMU18 1229 585 876 15 2808 4191 13
DMU19 2182 1 317 428 36 4586 13 794 39
DMU20 5030 2 048 545 54 9105 34 427 47
DMU21 11 232 4 419 636 45 11 103 101 208 83
DMU22 2571 2 651 307 11 7787 10 269 24
DMU23 2275 1 070 953 24 4876 418 36
DMU24 7973 1 459 066 47 10 732 18 755 102
DMU25 2305 801 900 15 4857 2426 22
DMU26 10 966 1 887 205 52 10 575 5785 95
DMU27 9368 3 151 857 64 11 745 14 972 51
DMU28 2037 882 450 18 4484 4401 22
DMU29 8751 1 439 111 50 11 539 1980 112
DMU30 8410 3 902 831 53 14 088 110 234 76
DMU31 2682 2 525 034 27 7161 90 434 33
DMU32 2569 820 863 16 5272 712 24
DMU33 9899 2 139 423 46 15 777 47 223 42

(Continued)
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the slacks =+ ( , ..., )1s r sr . If θ* = 1, a congestion effect does not exist. If θ* > 1, a congestion 
effect exists.

After calculation, the results are presented in Table 18.6. The results in this table only detect 
congestion when the inputs increase proportionally. Thus, we find that the congestion effect 
occurs on DMU1, DMU6, DMU10, DMU13, DMU15, DMU16, DMU18, DMU19, DMU21, DMU22, 
DMU26, DMU27, DMU28, DMU30, DMU31, DMU35 and DMU36. We can further project these 
DMUs onto the strongly efficient frontier of PBCC(X, Y) produced from Model (18.13) by θ* 
and their corresponding slacks.

Table 18.6  Congestion effect of the S&T activities of 38 Project 985 universities using 
WY-TS model

Universities

Input indicators Output indicators Congestion 
effect 

(WY-TS 
model)

STAFF 
(Number)

FUND 
(RMB in 
million)

Monograph 
(Number)

Paper 
(Number)

TT income 
(RMB in 
million)

Award 
(Number)

DMU1 13 905 2 846 243 56 15 489 14 445 29 2220.35 
DMU2 270 85 196 1 110 0 2 1.00 
DMU3 5583 5 168 392 63 9016 302 898 86 1.00 
DMU4 2315 2 701 240 8 7384 2576 24 1.00 
DMU5 2439 2 625 658 41 6305 253 765 28 1.00 
DMU6 1957 1 684 420 17 3520 9340 27 819.08 
DMU7 1424 680 526 29 2197 650 6 1.00 
DMU8 249 15 933 4 622 0 0 1.00 
DMU9 1913 608 330 8 3521 29 156 12 1.00 
DMU10 3049 2 514 015 12 8527 36 653 14 1.00 
DMU11 2877 1 389 060 33 5954 500 53 1.00 
DMU12 2325 1 607 640 70 4094 48 045 49 1.00 
DMU13 9417 1 623 663 18 10 380 2280 59 8.29 

Universities

Input indicators Output indicators

STAFF 
(Number)

FUND (RMB 
in million)

Monograph 
(Number)

Paper 
(Number)

TT income 
(RMB in 
million)

Award 
(Number)

DMU34 2332 1 066 965 32 4705 14 923 30
DMU35 6909 1 560 242 45 9755 49 855 86
DMU36 2386 2 334 111 33 6160 26 123 35
DMU37 3035 694 164 20 4933 13 614 19
DMU38 1759 378 847 12 3015 1148 17

Table 18.5 (Continued)
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Universities

Input indicators Output indicators Congestion 
effect 

(WY-TS 
model)

STAFF 
(Number)

FUND 
(RMB in 
million)

Monograph 
(Number)

Paper 
(Number)

TT income 
(RMB in 
million)

Award 
(Number)

DMU14 3451 2 439 908 30 9367 566 40 1.00 
DMU15 10 147 3 579 478 40 12 529 65 034 34 1.00 
DMU16 6037 2 940 106 33 6843 1098 41 1.00 
DMU17 13 333 3 655 869 56 20 701 12 574 88 1.00 
DMU18 1229 585 876 11 2088 512 6 1.00 
DMU19 2182 1 317 428 29 3744 3349 32 1.02 
DMU20 5030 2 048 545 38 6442 4258 26 1.00 
DMU21 11 232 4 419 636 45 11 103 101 208 83 5.33 
DMU22 2571 2 651 307 7 4853 6400 9 1.22 
DMU23 2275 1 070 953 14 2964 200 22 1.00 
DMU24 7973 1 459 066 4 8462 15 300 37 1.00 
DMU25 2305 801 900 0 3904 1950 17 1.00 
DMU26 10 966 1 887 205 52 10 575 5785 95 23 093.95 
DMU27 9368 3 151 857 64 11 745 14 972 51 1.00 
DMU28 2037 882 450 11 2700 2650 13 1.00 
DMU29 8751 1 439 111 50 11 539 1980 112 1.00 
DMU30 8410 3 902 831 44 12 463 2019 43 1.00 
DMU31 2682 2 525 034 12 7101 89 671 33 2.52 
DMU32 2569 820 863 16 5272 712 24 1.00 
DMU33 9899 21 39 423 46 15 777 47 223 42 1.00 
DMU34 2332 1 066 965 27 3980 4163 18 1.00 
DMU35 6909 1 560 242 27 7220 36 900 38 1.00 
DMU36 2386 2 334 111 12 4901 1910 30 1.00 
DMU37 3035 694 164 17 4108 3018 16 1.00 
DMU38 1759 378 847 0 2503 100 14 1.00 

Source: S&T statistics compilation in 2017.

Second, we analyse the directional congestion effect of 38 Project 985 universities using 
the method (Model 18.8) mentioned in section 2.3.2 (directional congestion effect). We use 
DMU33 as an example because it offers interesting results. Without loss of generality, we set 
the outputs direction as δ1 = δ2 = δ3 = δ4 = 1, and we determine the directional congestion effect 
of this DMU in different input directions. See Table 18.7 for details.

Based on the above analysis, we find that congestion effect does not occur on DMU33 when 
using the WY-TS model. However, we also note that directional congestion effect occurs to 

Table 18.6 (Continued)
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the right of DMU33 in certain directions (for example, ω1 = 1.9, ω2 = 0.1; δ1 = δ2 = δ3 = δ4 = 1)  
and occurs to the left of this DMU in some other directions (for example, ω1 = 0.1, ω2 = 1.9; 
δ1 = δ2 = δ3 = δ4 = 1). The reason for this phenomenon should be thoroughly investigated. 
Similarly, we analyse the directional congestion effect for other DMUs.

3.3 Policy Implications

From the above analysis results, we conclude that (1) the regions of increasing (constant, 
decreasing) directional RTS can be detected; (2) the congestion effect occurs on DMU1, 
DMU6, DMU10, DMU13, DMU15, DMU16, DMU18, DMU19, DMU21, DMU22, DMU26, DMU27, 
DMU28, DMU30, DMU31, DMU35 and DMU36 when using the traditional WY-TS model. 
However, in certain directions, the directional congestion effect does not occur on the same 
DMUs. Therefore, we draw the following policy implications in the event that output direction 
is decided in advance, (δ1 = δ2 = δ3 = δ4 = 1).

For DMU4, decreasing directional RTS prevails when staff and funds increase with the pro-
portion located in the R1 region in Figure 18.2, which means its inputs should not be expanded 
any further such that the efficiency of resource utilisation of DMU4 can be further improved.

Table 18.7 Directional congestion effect of DMU33 in different inputs directions

DMU ω1 ω2 ρ ρ

Directional 
congestion 

effect (right)

Directional 
congestion 
effect (left)

DMU33

0.1 1.9 unbounded −6.2547  No Yes
0.2 1.8 0.2777 unbounded No No
0.3 1.7 unbounded −4.9571  No Yes
0.4 1.6 unbounded −4.3083  No Yes
0.5 1.5 0.3395 −3.6594  No Yes
0.6 1.4 0.2716 −3.0106  No Yes
0.7 1.3 0.2037 unbounded No No
0.8 1.2 0.1358 unbounded No No
0.9 1.1 unbounded unbounded No No
1.0 1.0 0.0000 −0.9816  No Yes
1.1 0.9 −0.6729  −1.0047  Yes Yes
1.2 0.8 −1.3457  unbounded Yes No
1.3 0.7 unbounded unbounded No No
1.4 0.6 unbounded −1.1324  No Yes
1.5 0.5 unbounded unbounded No No
1.6 0.4 −4.0371  unbounded Yes No
1.7 0.3 unbounded unbounded No No
1.8 0.2 unbounded unbounded No No
1.9 0.1 6.0557 unbounded Yes No
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We also note that the directional congestion effect exists on the right-hand side of DMU33 
in certain directions, as shown in Table 18.7, which means if the inputs of DMU33 are further 
expanded alongside these directions, the outputs will decrease. Therefore, we conclude that 
there should not be any additional inputs with these specific proportion of DMU33.

4.  CONCLUSIONS AND DISCUSSION

This chapter aims to investigate the directional RTS of the S&T activities of 38 Project 985 
universities  in  China.  First,  the  input−output  indicators  are  proposed,  including  (1)  input 
indicators such as teaching and research staff (STAFF) and S&T funds (FUND) and (2) 
output indicators such as monographs, papers, technology transfer income (TT INCOME) and 
awards. Second, this chapter uses the methods proposed by Yang and Liu (2017) and Yang 
et al. (2019) to analyse the directional returns to scale and the effect of directional congestion of 
these universities in China. Based on the analytical results, we detect the region of increasing 
(constant, decreasing) directional returns to scale for the S&T activities of each university. 
This information can be used as one of the bases for decision making regarding organisational 
adjustment. Furthermore, we find that the effect of congestion and directional congestion is 
evident in the S&T activities of several Project 985 universities. The results of the analysis 
indicate that directional RTS analysis can provide more detailed information than classic RTS 
analysis. In other words, the outputs of these universities will decrease as the inputs increase. 
Therefore, these universities should analyse the underlying reason for the occurrence of the 
congestion effect, so S&T resources can be used more effectively.
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19.  Political short termism and government spending 
efficiency in Sub-Saharan Africa1

 Sijuola Orioye Olanubi and Oluwanbepelumi Esther Olanubi

1.  INTRODUCTION

Why is there large-scale inefficiency in government expenditure on education and health in 
Sub-Saharan Africa (SSA)? From a political economy perspective, the answer to this question 
lies in the high rate of corruption and poor institutional quality in the region. This is also in line 
with findings in the literature on the determinants of public sector efficiency (see for instance 
Hauner and Kyobe, 2008; Fonchamnyo and Sama, 2016; Novignon, 2015). This argument, 
however, weakens when one considers that public goods are both grossly underfunded in 
Africa and are not major targets for governments’ rent-seeking activities as is the case with 
expenditure on infrastructure, government administration, defence, public works or transfers.2 
Moreover, since improvement in education and health outcomes do not make governments 
in SSA appear competent before voters whose performance scorecard of an administration 
is based majorly on visible short-term outcomes, politicians are not under pressure to divert 
funds to education and health in order to ‘pass the performance test’ required for re-election.3 
As such, corruption or weak institutions alone cannot explain the high level of inefficiency in 
government spending on the public goods observed in SSA countries.

We argue in this chapter that inefficiency in government expenditure on education and 
health is not so much because of corruption, but is due to the neglect of the sectors by politi-
cians because both outcomes do not have a significant impact on their chances of being re-
elected. In essence, the inefficiency observed in government expenditure on both outcomes 
might be due to ‘political short termism’ or policy myopia, a situation where governments 
devote a substantial amount of their resources to short-term public goods that generate imme-
diate and visible returns in order to increase their chances of being re-elected, and neglect 
long-term goods such as education and health that only deliver returns in the future, well 
after they must have left office. According to Aidt and Dutta (2007), this phenomenon began 
in the 1930s and became entrenched in society in the 1960s and 1970s, when governments 
shifted to transfers as a form of redistribution, away from long-term investment in health, 
education and housing.

Our results support this proposition. We find that corruption is not a significant factor influ-
encing the efficiency of government spending on both education and health while bureaucracy 
quality has a positive effect on efficiency. This suggests that the root cause of inefficiency in 
spending on development outcomes observed in the region is not directly a result of corruption 
but is related to the ‘myopic’ behaviour of politicians who neglect investment in long-term 
public goods and divert resources (both in terms of their financial and administrative capacity) 
to short-term outcomes that deliver visible returns. Among other implications, the neglect 
of these outcomes will result in poor financial management practices among bureaucrats in 
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the sectors and also serve as a disincentive for labour to perform their activities effectively. 
Olanubi and Osode (2017) for instance found large-scale inefficiency in government expendi-
ture on human resources for health in Nigeria.

The rest of this chapter proceeds as follows. In section 2, we present a brief review of the 
literature on political short termism and that on the determinants of government spending 
efficiency. Section 3 presents the methodology and model specification of the study. Section 
4 presents and discusses the results of our analysis. In section 5, we conclude the study and 
make important policy recommendations.

2.  BRIEF REVIEW OF RELEVANT LITERATURE

This study is connected to two related strands of literature that have hitherto developed along 
separate lines of inquiry. The first is the literature on political short termism or policy myopia 
and the second is the literature on the determinants of public sector efficiency. When fused 
together, the two areas of literature explain the reason for the inefficiency in government 
spending on development outcomes, specifically on education and health, observed in SSA 
countries.

The literature on political short termism dates as far back as Rogoff (1990), who character-
ized the phenomenon as occurring when an incumbent, desiring to appear competent before 
voters, coordinates fiscal policy in a manner that favours short-term consumption expenditures 
rather than long-term investment. This view is supported by Gersbach (2004), who connects 
short termism to the low discount rate of politicians. He argues that voters and politicians 
do not have the same discount rates. As such, voters cannot persuade politicians with a low 
discount rate to commit to investing in long-term public goods. Also, according to Darby 
et al. (2004), short termism arises due to political uncertainty as politicians shift the focus of 
their spending activities towards current consumption and away from investment in long-term 
public goods that cannot deliver significant returns during their tenure in office.

Short termism has also been associated with the rent-seeking behaviour of corrupt politi-
cians. Mauro (1998) and Garrì (2010) both argue that corrupt politicians have an incentive to 
divert public resources to expenditure items that make it easier to take bribes without being 
caught. In particular, Mauro (1998) argues that that expenditure on education is characterized 
by large-scale corruption while according to Garrì (2010), short termism occurs because 
investment in long-term public goods makes it easier for politicians to divert resources. This 
is, however, not the case in SSA, where long-term public goods like education and health are 
grossly underfunded by the government.

Aidt and Dutta (2007) simplify the assumption advanced by Gersbach (2004) by arguing 
that both politicians and voters have the same discount rates and that short termism arises due 
to the interplay of economic and political factors such as observation lags, economic growth, 
revenue constraint and political uncertainty, and is not due to asymmetries in information, as 
advanced by previous studies. The study also showed that the diversion of funds by politicians 
occurs across all forms of public expenditure, and is not related to short- or long-term spending 
items.

Our study relates to the stream of literature advanced by Rogoff (1990), Gersbach (2004) 
and Darby et al. (2004) as it focuses on political short termism that arises because politicians 
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prioritize spending on short-term outcomes that deliver immediate returns as against long-term 
public goods, which is the experience of countries in SSA.

The literature on the determinants of public sector efficiency has also evolved along several 
areas of emphasis. Rayp and Van De Sijpe (2007) estimated the efficiency of government 
spending in 52 developing countries and also went ahead to examine its determinants. Their 
results reveal that structural country variables and governance indicators are the major 
determinants of government spending efficiency in developing countries. In particular, they 
find that the adult illiteracy rate and a large population of young people in the population are 
associated with low levels of spending efficiency while urbanization has a positive effect on 
efficiency. Good governance which is connected to the rule of law and political stability also 
has a positive effect on efficiency.

Adam et al. (2011) examined the determinants of efficiency in 19 OECD countries and found 
that the quality of governance is the major determinant of efficiency, ahead of socioeconomic 
environment factors. Feeny and Rogers (2008) found that governance and literacy are the 
major determinants of government spending efficiency. Hauner and Kyobe (2008) examined 
the determinants of government spending efficiency on education and health in a panel of 114 
countries from 1980 to 2006. The determinants were categorized into three areas: economic, 
institutional, and demographic and geographic. Their results reveal the following. First, that 
higher government expenditure has a negative effect on efficiency. Second, that strong institu-
tions affect efficiency through economic growth and financial development. Specifically, they 
find that government accountability and low corruption have a positive effect on efficiency. 
They also find that demographic and geographic factors have a significant effect on efficiency.

More recently, Fonchamnyo and Sama (2016) assessed the efficiency of government 
expenditure on education and health in three African countries: Cameroon, Chad and Central 
African Republic. They also examined the economic and institutional factors affecting the effi-
ciency levels in both sectors. The Data Envelopment Analysis (DEA) technique was adopted in 
the first stage to generate efficiency scores while the determinants of efficiency were analysed 
in a second stage using the panel data tobit and the Fractional Logit regression techniques. 
Their results reveal that corruption has a negative and statistically significant effect on public 
spending efficiency while the quality of budgetary and financial management practices leads 
to improvement in spending efficiency. For SSA, Novignon (2015) examined the effects of 
corruption and quality institutions on the efficiency of public funds allocated to health. A 
two-stage analysis was adopted, with efficiency scores generated in the first stage from the 
DEA while the determinants of efficiency were analysed using a tobit model. Results of the 
study reveal that corruption has a negative effect on efficiency while institution has a positive 
effect. This study, however, only focuses on the political economy related determinants of 
government spending efficiency; particularly, corruption and bureaucracy quality, as they are 
the determinants related to the literature on political short termism.

3.  METHODOLOGY AND MODEL SPECIFICATION

Government spending efficiency can be estimated through two main techniques: Stochastic 
Frontier Analysis and Data Envelopment Analysis (DEA). This study adopts Stochastic Frontier 
Analysis (SFA). As an econometric approach, SFA has the advantage of being able to separate 
random noise from inefficiency, unlike the non-parametric DEA, that is unable to do so.
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We also adopt the model by Battese and Coelli (1995) that provides a single-step approach 
to estimating both technical efficiency and its determinants as against the two-step approach 
where efficiency estimates are first of all generated before determinants are estimated. As 
demonstrated by Wang and Peter Schmidt (2002), the two-step approach is biased, with a high 
degree of severity. The one-step approach is therefore strongly advocated.

The Inefficiency Frontier Model for Panel Data by Battese and Coelli (1995) is thus 
specified:

Consider the stochastic frontier production function:

 β( )= + −expY X V Uit it it it  (19.1)

Where Yit represents production at the t-th observation (t = 1,2,. . . . .T) for the i-th firm  
(i = 1,2. . . . .N), Xit is a (1 × K) vector for the values of input variables as well as other explana-
tory variables related to the i-th firm at the t-th observation.

β is a (K × 1) vector of unknown parameters to be estimated.
The Vit values are assumed to be iid (0,σ 2

v ) random errors which are independently distrib-
uted of the Uit values.

The Uit values are non-negative random variables associated with technical inefficiency of 
production, and are assumed to be independently distributed.

Zit is a (1 × m) vector of explanatory variables associated with technical inefficiency of 
production of firms over time.

Lastly, δ is an (m × 1) vector of unknown coefficients.
The technical inefficiency effects, the Uit values, are assumed to be a function of a set of 

explanatory variables, the Zit values and an unknown vector of coefficient δ.
The technical inefficiency effect Uit in the stochastic frontier model (19.1) can be  

specified as

 δ= +U Z Wit it it  (19.2)

where the random variable Wit is defined by the truncation of the normal distribution with zero 
mean and variance σ2.

The likelihood function is expressed in terms of variance parameter σ σ σ≡ +  2 2 2
S v  and  

γ ≡ σ2/σ 2
S .

The technical efficiency of production of the i-th firm at the t-th observation is therefore 
defined as

 δ( ) ( )= − = − −exp expTE U Z Wit it it it  (19.3)

3.1 Model Specification

The stochastic frontier production function to be estimated is specified below in line with 
Battese and Coelli (1995).

 β β β β( ) ( ) ( )= + + + + −0 1 2 3PSP GEDUC GHEALTH YEAR V Uit it it it  (19.4)
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The technical inefficiency effects are assumed to be:

 δ δ δ δ( ) ( ) ( )= + + + +BURCY0 1 2 3U CRRP YEAR Wit it it it  (19.5)

where;
PSP is the public sector performance variable for education and health
GEDUC is government spending on education
GHEALTH is government spending on health
CRRP is corruption.
BURCY is bureaucracy quality
Year is the year of the observation involved
and Vit and Uit are as defined earlier.
In line with Afonso, Schuknecht and Tanzi (2005) and Afonso, Jalles and Venâncio (2019) 

we construct a composite for Public Sector Performance (PSP) which captures government 
spending on two major long-term public goods: education and health. The indicator therefore 
includes two main sub-indicators: the sub-indicator on education and the sub-indicator on 
health. For the health sub-indicator, data for infant survival rate and life expectancy was 
adopted while the education sub-indicator was proxied by data on secondary school enrolment 
rate due to data availability. Also, a five-year average was computed for the two sub-indicators 
in order to account for structural change.4

Corruption and bureaucracy quality were included in our model as our study only focuses 
on the political economy-related determinants of government spending efficiency. Also, in line 
with Battese and Coelli (1995), we include a year variable in both the stochastic frontier and 
the inefficiency effects section. This is done in order to account for both technical change and 
time-varying inefficiency effects.

3.2 Data and Variables

The dataset adopted in this study includes 29 countries in SSA. The choice of countries is 
solely based on data availability. The time frame covered by the study spans four distinct 
periods: 1998−2002, 2003−07, 2008−12, 2013−17. See Appendix A for detailed information 
on the sources of data and the description of the variables adopted in the study.

4.  EMPIRICAL RESULTS

4.1 Maximum Likelihood Estimates of the Technical Inefficiency Effects Model

Table 19.1 presents results of the maximum likelihood estimates of the technical inefficiency 
effects model. The first step is to test for the presence of technical inefficiency in the model 
by comparing the likelihood ratio of the technical inefficiency model against that of the 
Generalized Linear Model (GLM). The test statistic from the likelihood ratio test is 18.48. Since 
this is greater than the critical value of 5.412 from Kodde and Palm (1986) we reject the null 
hypothesis of the absence of technical inefficiency effects in the model. This implies the pres-
ence of technical inefficiency in the dataset and makes the Battese and Coelli (1995) stochastic 
frontier model with technical inefficiency appropriate for the analysis, as against the GLM.
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As would be expected, government expenditure on education and health has a positive and 
significant effect on the PSP index for education and health. This implies that an increase in 
government expenditure on both spending items would result in improved performance in 
their outcomes. The magnitude of impact is, however, greater for expenditure on health (with 
a coefficient of 0.04) than for education (with a coefficient of 0.03). This is also supported 
by results from the GLM as spending on education and health also have a positive effect on 
the PSP index, with the size of the health coefficient larger than that of education. The year 
variable is, however, not significant in both models, which implies the absence of technical 
change in the model.

Table 19.1 Maximum likelihood estimates

Dependent Variable: PSP for Education and Health
Model 1 Model 2

Constant 51.06
(31.42)

0.09
(7.63)

GEDUC 0.03*
(0.01)

0.04*
(0.01)

GHEALTH 0.04**
(0.02)

0.05*
(0.02)

Year –0.025
(0.02)

0.0003
(0.004)

μ 

Constant 73.05**
(30.509)

CRRP –0.07
(0.04)

BURCY –0.11*
(0.04)

Year –0.04**
(0.02)

δ 2
u

0.12**
(0.06)

δ 2
v

0.16*
(0.03)

Λ 0.73*
(0.09)

γ  0.35

Log likelihood 26.56 17.32

Notes: Model 1 is the stochastic frontier inefficiency model while Model 2 is the Generalized Linear Model 
(GLM). Standard errors are reported in parenthesis. *Statistically significant at the 1 per cent level. **Statistically 
significant at the 5 per cent level. ***Statistically significant at the 10 per cent level.
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We move to the technical inefficiency section where we estimate the effects of two political 
economy related variables (corruption and bureaucracy quality) on efficiency. The results 
show that corruption has no significant effect on the efficiency of government spending on 
both education and health while bureaucracy quality has a positive effect on efficiency (or a 
negative effect on inefficiency).5 This suggests that the root cause of inefficiency in spending 
on both development outcomes is not directly related to corruption but to political short 
termism that makes government neglect investment in long-term public goods and divert 
resources to short-term outcomes that deliver visible returns. It is, however, important to note 
that, while the relationship between bureaucracy quality and efficiency is consistent with 
findings in the literature, that between corruption and efficiency is not. For instance, in contrast 
to our results, studies in the literature conducted for Africa, such as Fonchamnyo and Sama 
(2016) and Novignon (2015), find a significant negative effect of corruption on efficiency. The 
reason for this is far fetched. First, both studies adopted the two-step analysis in estimating the 
determinants of efficiency which has been adjudged to generate biased estimates. Also, the 
sample size and the choice of variables adopted in this study differs from theirs. Fonchamnyo 
and Sama (2016) examined the determinants of government spending efficiency on education 
and health in three African countries: Cameroon, Chad and Central African Republic while 
Novignon (2015), who explored a large sample of 45 countries in SSA, only focused on the 
determinants of government spending efficiency on health.

The year variable has a negative sign and is significant, showing that inefficiency reduces 
over time, which is the same as reporting that efficiency increases over time in the countries 
considered. This is supported by findings in section 4.2 where efficiency estimates for all 
countries increased over the four five-year periods.
The estimate of γ is 0.35. This suggests that 35 per cent of variation in the composite error 

term is accounted for by the inefficiency component. The relatively low value is due to the 
absence of control variables in the model. The inclusion of more control variables aside from 
those directly related to government spending on education and health would bias our estimates 
since we are particularly interested in the effect of government expenditure on the two items.

4.2 Efficiency Estimates for the Education and Health PSP Index

Table 19.2 presents efficiency estimates for the 29 SSA countries considered in this study. 
Average efficiency for all countries is 0.794. This implies that, on average, countries in 
SSA have wasted 20.6 per cent of public funds allocated to education and health during 
the study period. Also, Niger had the least efficiency score, at 0.69, while South Africa has 
the highest efficiency score, at 0.93. In other words, while South Africa has been able to 
efficiently utilize 93 per cent of public funds allocated to the outcomes Niger has only been 
able to efficiently utilize 69 per cent of the funds. This is not surprising as South Africa has 
a well-developed political system, strong institutional arrangements and efficient productive 
capacities in comparison to other countries in SSA (such as Niger) characterized by political 
instability, weak institutions and inefficient productive capacities. Also, efficiency estimates 
for all countries increased over the years, in line with findings of the stochastic frontier 
of the positive effect of the year variable on efficiency. An explanation for this is the lag 
between when expenditures are made on education and health and when they translate into 
improvements in outcomes.
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Table 19.2 Efficiency estimates for selected SSA Countries

Country Year Efficiency Score Country Year Efficiency Score
Angola 1998−2002 0.558109 Madagascar 2008−12 0.877212
Angola 2003−07 0.727005 Madagascar 2013−17 0.928343
Angola 2008−12 0.816794 Malawi 1998−2002 0.672121
Angola 2013−17 Malawi 2003−07 0.747611

Botswana 1998−2002 Malawi 2008−12 0.878424

Botswana 2003−07 0.889976 Malawi 2013−17 0.944331
Botswana 2008−12 0.934802 Mali 1998−2002 0.536604
Botswana 2013−17 Mali 2003−07 0.645864

Burkina Faso 1998−2002 Mali 2008−12 0.781854

Burkina Faso 2003−07 0.647669 Mali 2013−17 0.890267
Burkina Faso 2008−12 0.782282 Mozambique 1998−2002 0.515353
Burkina Faso 2013−17 0.911287 Mozambique 2003−07 0.621807
Cameroon 1998−2002 0.628936 Mozambique 2008−12 0.771391
Cameroon 2003−07 0.724596 Mozambique 2013−17 0.895059
Cameroon 2008−12 0.905715 Namibia 1998−2002 0.728492
Cameroon 2013−17 0.952845 Namibia 2003−07 0.79105
Democratic 
Republic of 
Congo

1998−2002 Namibia 2008−12 0.857476

Democratic 
Republic of 
Congo

2003−07 Namibia 2013−17 0.949677

Democratic 
Republic of 
Congo

2008−12 0.798117 Niger 1998−2002 0.51036

Democratic 
Republic of 
Congo

2013−17 0.900907 Niger 2003−07 0.611472

Cote d’Ivoire 1998−2002 0.598616 Niger 2008−12 0.761324
Cote d’Ivoire 2003−07 0.653308 Niger 2013−17 0.883058
Cote d’Ivoire 2008−12 0.769889 Senegal 1998−2002 0.608593
Cote d’Ivoire 2013−17 0.879407 Senegal 2003−07 0.70094
Ethiopia 1998−2002 0.566765 Senegal 2008−12 0.831723
Ethiopia 2003−07 0.683104 Senegal 2013−17 0.929581
Ethiopia 2008−12 0.853049 Sierra Leone 1998−2002 0.545584
Ethiopia 2013−17 0.930175 Sierra Leone 2003−07 0.635119

(Continued)
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Country Year Efficiency Score Country Year Efficiency Score
Gabon 1998−2002 0.741374 Sierra Leone 2008−12 0.777365
Gabon 2003−07 Sierra Leone 2013−17 0.877412

Gabon 2008−12 0.889987 South Africa 1998−2002 0.897014
Gabon 2013−17 0.94772 South Africa 2003−07 0.922912
Gambia 1998−2002 0.749171 South Africa 2008−12 0.948653
Gambia 2003−07 0.830997 South Africa 2013−17 0.970098
Gambia 2008−12 0.924112 Tanzania 1998−2002 0.634059
Gambia 2013−17 0.946414 Tanzania 2003−07 0.721018
Ghana 1998−2002 0.702027 Tanzania 2008−12 0.830275
Ghana 2003−07 0.794007 Tanzania 2013−17 0.907296
Ghana 2008−12 0.909745 Togo 1998−2002 0.597037
Ghana 2013−17 0.966144 Togo 2003−07 0.697073
Guinea 1998−2002 0.665998 Togo 2008−12 0.818886
Guinea 2003−07 0.790306 Togo 2013−17 0.914693
Guinea 2008−12 0.88976 Uganda 1998−2002 0.6561
Guinea 2013−17 0.943529 Uganda 2003−07 0.825461
Guinea-Bissau 1998−2002 0.557606 Uganda 2008−12 0.898371
Guinea-Bissau 2003−07 Uganda 2013−17 0.94603

Guinea-Bissau 2008−12 0.873437 Congo 
Republic

1998−2002 0.711003

Guinea-Bissau 2013−17 0.926292 Congo 
Republic

2003−07 0.77357

Kenya 1998−2002 0.685319 Congo 
Republic

2008−12 0.862478

Kenya 2003−07 0.782664 Congo 
Republic

2013−17 0.925402

Kenya 2008−12 0.902696 Zambia 1998−2002 0.618926
Kenya 2013−17 0.945635 Zambia 2003−07 0.742238
Liberia 1998−2002 Zambia 2008−12 0.894905

Liberia 2003−07 Zambia 2013−17

Liberia 2008−12 0.828456 Zimbabwe 1998−2002

Liberia 2013−17 0.898397 Zimbabwe 2003−07

Madagascar 1998−2002 0.712327 Zimbabwe 2008−12 0.806965
Madagascar 2003−07 0.766302 Zimbabwe 2013−17 0.906149

Table 19.2 (Continued)
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5.  CONCLUSION AND POLICY RECOMMENDATIONS

In this chapter, we examined the relationship between policy myopia and government spending 
efficiency in a sample of 29 countries in Sub-Saharan Africa. Our argument was founded on 
the premise that inefficiency in government spending on health and education is not so much 
because of corruption but due to the neglect of the sectors by politicians because both outcomes 
do not have any significant impact on their chances of being re-elected. This is supported by 
our results. We find that corruption is not a significant factor influencing the efficiency of 
government spending on education and health while bureaucracy quality has a positive effect 
on efficiency. This suggests that the root cause of inefficiency in spending on development 
outcomes observed in the region is not directly related to corruption but to the ‘myopic’ behav-
iour of politicians who neglect investment in long-term public goods and divert resources to 
short-term outcomes that deliver visible returns. Among other implications, the neglect of 
these outcomes will result in poor financial management practices among bureaucrats in the 
sector and also serve as a disincentive for labour to perform their activities effectively. It is 
therefore recommended that, while countries should continue to clamp down on corruption 
in the public sector and improve the quality of their bureaucracy, dealing with the problem of 
policy myopia is crucial to ensuring improvements in the efficiency of government spending 
on long-term public goods, particularly on education and health. This will involve pursuing 
policies that make political positions unattractive for rent-seeking activities by reducing remu-
neration of political offices and cutting down on the cost of governance. This will ensure that 
only politicians that prioritize the interest of their nation, demonstrated by their willingness to 
invest in long-term public goods, will be those that will be elected.
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APPENDIX A: VARIABLE SOURCES AND DESCRIPTION

Appendix 19.A1 Output variables

S/N Sub Index Variable Source Description
1. External 

Variables
Corruption International Country 

Risk
Guide (ICGR) 
(1998−2017)

Five-year average of corruption 
Index ranging from 0 to 6. 
The higher the index, the less 
corrupt the political system is.

Bureaucracy 
Quality

International Country 
Risk
Guide (ICGR) 
(1998−2017)

Five-year average of 
Bureaucracy Quality Index 
ranging from 0 to 4. The higher 
the index, the stronger the 
quality of bureaucracy in a 
country. 

2. Education Secondary School 
Enrolment

World Bank, World
Development Indicators
(1998−2017)

Five-year average of ratio of 
total enrolment in secondary 
education.

3 Health Infant survival rate World Bank, World
Development Indicators
(1998−2017)

Five-year average of infant 
survival rate
Infant survival rate = (1000−
IMR)/1000. Note that IMR 
is the infant mortality rate 
measured per 1000 lives birth 
in a given year.

Life Expectancy World Bank, World
Development Indicators
(1998−2017)

Five-year average of life 
expectancy at birth.

Appendix 19.A2 Input variables

S/N Sub Index Variables Source Description
2. Education Government 

Education 
Expenditure

World Bank, World 
Development Indicators
(1998−2017)

Five-year average of expenditure 
on education (% of GDP)

3. Health Government 
Health 
Expenditure

World Bank, World 
Development Indicators
(1998−2017)

Five-year average of expenditure 
on health (% of GDP)
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APPENDIX B: STYLIZED FACTS ON HEALTH AND EDUCATION 
EXPENDITURE IN SSA
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Note: Average amount expended on health by governments in Sub-Saharan African countries (in the 29 countries 
considered in this study) as a share of their GDP between 1998 and 2017 is below 2 per cent (at 1.76 per cent).

Source: World Bank’s World Development Indicators.

Figure 19.B1 Government expenditure on health in SSA (1998−2017)
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Source: World Bank’s World Development Indicators.

Figure 19.B2 Government expenditure on education in SSA (1998−2017)
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NOTES

1. The views expressed in this chapter are those of the authors and do not represent those of the Nigerian Economic 
Summit Group or its Board of Directors.

2. Figures B1 and B2 in Appendix B reveal that the average amount expended on health by governments in Sub-
Saharan African countries as a share of their GDP between 1998 and 2018 is below 2 per cent (at 1.76 per cent) 
while the figure for education is 4 per cent.

3. The diversion of funds by the government to a spending item creates an avenue for the misappropriation of funds 
by bureaucrats and government officials.

4. See Afonso, Schuknecht and Tanzi (2005) and Afonso, Jalles and Venâncio (2019) for detailed explanations on 
the construction of the PSP.

5.  Note that, in the inefficiency effects section of the results, the effect of the determinants is interpreted as affecting 
inefficiency and not efficiency, hence the negative sign of the coefficient of the variables. But we have made our 
interpretation to focus on efficiency.
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