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ABSTRACT

The purpose of this study is to disentangle the effects of foreign direct investment (FDI)
on economic growth. The core of this paper is the empirical analysis for the case of
Ireland, one of the leading FDI recipients in the EU. We build an original database by
merging several data sources for the period 2000-2015, and we develop a theoretical
framework that we exploit to interpret our econometric results. Estimates identify that
FDIs have a spatial self-contained positive impact on economic growth, while spillovers

effects between regions do not seem to be effective.
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1. INTRODUCTION
Foreign direct investment (FDI) is a form of international investment that has been
recently breaking through all around the world, especially during the last decade, which
has been driven by globalization and the opening of world economies (Chirila-Donciu,
2013).
The present report intends to shed light on the impact of FDI on the economic
performance of Ireland, as it is a small-sized European country (whose population size
was about 4.75 million in 2016, according to the World Bank data) which has been a
prominent example of this increasing trend of international investments.
The novelty of this contribution is mostly empirical. I build an original database by
merging different data sources at regional level and firm-level, which enables me to
include the spatial dimension of a phenomenon in the study. Moreover, in order to be
effective in the conclusion, I focus just on one country (Ireland) that is one of the major
EU recipients.
According to the World Bank data for 2016, Ireland is the sixth economy in the world by
FDI net inflow' in USD (after the U.S., U.K., China, Netherlands and Hong Kong) as
well as of percentage of gross domestic product (GDP) (right after Hungary,
Luxembourg, Hong Kong and Mozambique). Furthermore, according to this same source
of data, Ireland is also the second economy in the world by FDI per capita, just behind
Luxembourg. However, it does not only act as an important FDI receiver but also as an
investor to the rest of the world, being the fifth country on the face of the earth by FDI
net outflows? in USD (after the U.S., Netherlands, China and Japan).?
It is worth mentioning that Ireland grants very convenient fiscal and financial conditions

to incoming firms, as [ will discuss later.

' FDI net inflows are defined as the value of inward direct investment made by non-resident
investors in the reporting economy, including reinvested earnings and intra-company loans, net
of repatriation of capital and repayment of loans (World Bank, Data help desk).

2 FDI net outflows are defined as the value of outward direct investment made by the residents of
the reporting economy to external economies, including reinvested earnings and intra-company
loans, net of receipts from the repatriation of capital and repayment of loans (World Bank, Data
help desk).

3 Note that nowadays the developed countries not only account for the overwhelming proportion
of outward FDI, but they are also the major recipients of FDI, just as Markusen (2002) — the father
of FDI theory — assessed 16 years ago.



Figure 1. Ireland’s FDI inflow and outflow as % of GDP
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Source: Own elaboration based on UNCTAD data

As you can observe in Figure 1, FDI is a pretty important economic issue for Ireland, as
FDI inflow represented about 66% of the national GDP in 2015, while FDI outflow
represented about 59% of the Irish GDP. For this reason, this report tries to investigate
the effect that FDI has had on the economic growth of such a country.

My purpose is to answer the question on whether these massive investments in Ireland
have translated into an improvement of its economy. This answer will not be straight-
forward because there exists an open academic debate on the effect of FDI on economic
growth, as will be discussed in detail in the following section. Basically, the mainstream
view supports FDI to stimulate economic performance because they believe that
(specially in developing countries) it can stimulate technological change through the
adoption of foreign technology and know-how besides technological spillovers. On the
contrary, the opponents to this theory hold that FDI may bring about external vulnerability
and dependence into receiving countries, a crowding out effect on domestic investment,
destructive competition of foreign affiliates with domestic firms, and “market-stealing
effects” as a result of poor absorptive capacities (Wan, 2010).

In order to give an accurate answer to the abovementioned research question, the present
paper is divided as follows: Section 2 covers the theoretical background and analysis of
current literature on the relationship between FDI and economic growth (which does not
provide a clear answer on whether FDI positively affects economic growth, or not).
Section 3 provides a brief outline of the situation of Ireland regarding FDI flows into the
country (and their possible effects on the country’s output, besides), Section 4 relates the

development of the theoretical framework I use as the basis to measure how different



variables* affect the economic evolution of Ireland, Section 5 builds an econometric
model using panel data covering the period 2000-2015, Section 6 provides the empirical
results obtained when running the previous econometric model (which presents evidence
that FDI has had a positive effect on Ireland’s economic output during the period 2000-
2015), and Section 7 concludes.

2. FDI AND ECONOMIC GROWTH

Eurostat defines FDI as a category of international investment in which 'a resident entity
in one economy seeks to obtain a lasting interest in an enterprise resident in another
economy'. This lasting interest implies ‘the existence of a long-term relationship between
the direct investor and the enterprise, and an investor's significant influence on the
management of the enterprise’, and it is deemed to exist when ‘a direct investor owns
10% or more of the ordinary shares or voting rights (for an incorporated enterprise) or the
equivalent (for an unincorporated enterprise)’ (2018: Glossary, FDI).

FDI can take several forms, including the opening of a subsidiary or associate company
in a foreign country, acquiring a controlling interest in an existing foreign company, or
by means of a merger or joint venture with a foreign company, and it can be divided into
two main categories (Markusen, 2002):

e Horizontal FDI: When the investor establishes the same kind of business

operations in a foreign country as in its home country (e.g. a bank based in
Luxembourg opens up branch offices in Ireland) because it aims at increasing the
market potential of the company through the penetration into markets different
from the home one. This form of investment is also known as market seeking FDI.
e Vertical FDI: When the investment aims at splitting the production chain in order
to relocate part of it in other markets so as to have access to local facilities,
improving its competitiveness (e.g. a US manufacturing company acquires shares
of an Irish company that supplies parts or raw materials required for the
manufacturing company to make its products).
This kind of FDI may be defined as ‘resource seeking’; meaning that foreign
investment is motivated by the availability of natural resources and the need to
secure raw materials or other kind of advantages on the production side such as

e.g. low unit labor costs.

# This includes FDI, of course.



2.1 Literature Review

FDI is widely considered to play an important role in the economic development of host
countries (Yu, Tu &Tan, 2011). There is a widespread belief that FDI boosts growth by
increasing the capital stock and stimulating technological change through the adoption of
foreign technologies.

It is also proven that they create technological spillovers through skill diffusion, employee
training and the introduction of new processes and products by foreign firms (Zhu, 2010).
As a consequence, FDI is viewed as a great tool for modernizing developing countries as
well as to promote their economic development (Melnyk, Kubatko & Pysarenko, 2014).

However, there also exists an alternative stream of economic thought which does not
positively consider FDI. This view emphasizes on poor absorptive capacities, crowding
out effect on domestic investment, external vulnerability and dependence, a possible
deterioration of the balance of payments as profits are repatriated and “market stealing

effects” (Wan, 2010).

2.1.1 The effects of FDI in the host country

The neo-classical theory and the new theory of economic growth are clear on this issue:
FDI is an important factor contributing to the growth of economies (Mauro, 1995). There
is a strong complementarity connection between financial inflows and economic growth
through the conduit of capital formation, suggesting that external finance does positively
contribute to economic growth (Mallick & Moore 2008).

For example, Kotrajaras (2010) states that ‘by applying the Solow-type standard
neoclassical growth models [...] FDI increases the capital stock and thus growth in a host
economy by financing capital formation. Nonetheless, in neoclassical growth models
with diminishing returns to capital, FDI has only a short-run growth effect as countries
move towards a new steady state. Accordingly, the impact of FDI on growth is identical
to that of domestic investment’ (2010: 13).

FDI may also be the main channel through which advanced technology is transferred to
developing countries (Borensztein, De Gregorio & Lee, 1995). The OECD, for example,
claims that ‘FDI triggers technology spillovers, assists human capital formation,
contributes to international trade integration, helps create a more competitive business
environment, and enhances enterprise development’ (2002: 5). Abebe, McMillan &
Serafinelli (2018) also find out not only that foreign plants attract new economic activity

to recipient districts in which FDI takes place but also that domestic firms learn from



foreign firms through hiring workers previously employed at foreign firms, observing
foreign firms, and through a direct contact with foreign firms via customer and supplier
relationships. In addition, FDI can bring positive employment effects and create new jobs.
What is more, should it become a substitute for imports or it serves to export goods and
services to other economies it would also bring positive effects to the current account
balance of host countries.

In contrast, FDI may not necessarily lead to a sustainable and long-term development.
FDI may suffer from lack of adaptation to local context and might be used as a tool to
exploit a country's resources (UNCTAD, 2007; Gerlach & Liu, 2010) and then taking the
profits back to the parent company, which alongside the firms’ subsidiaries import of
inputs would have adverse effects on the balance of payments of the host country in the
long run (Margeirsson, 2015). Moreover, it may also be the case that foreign firms drive
indigenous competitors out of the market, creating a monopoly position (Wan, 2010).
For instance, Khaliq & Noy (2007) study the case of China and admit that even though at
aggregate level FDI positively affects economic growth, FDI in the mining sector has a

negative effect on economic growth.

2.2 What is Missing?

As discussed, we might observe inconclusive empirical findings.

On the one hand, FDI is (in fact) attracted to more competitive, less risky, growing and
cultural-related economies (Antonakakis, & Tondl, 2015), which might create a reverse
causality problem in many economic studies.

On the other hand, many researchers use cross-country growth regression specifications
derived from the Solow growth model that involve the implicit assumption that each
country is an isolated island (Ddgan & Taspinar, 2013). The majority of the econometric
models used in order to catch up FDI effects on economic growth assume a collection of
non-interacting closed economies, which does not provide a fair view of the reality
(Acemoglu, 2009). Knowledge accumulated in one country depends on knowledge
accumulated in other countries (Erthur & Koch, 2007). Thus, under this perspective, one
could argue that the estimators of these econometric models are likely to suffer from
omitted-variable bias since many of these studies cannot capture the fact that countries
interact.

In this context, taking into account externalities is crucial since they appear essential for

understanding why several countries grow at similar rates despite differing FDI incoming



rates. For instance, Klenow & Clare (2005) construct a hybrid growth model which allows
for international knowledge externalities and, when calibrated, the hybrid model shows
that human capital and physical capital contribute to income differences both directly (as
usual) and indirectly, by boosting resources devoted to technology adoption. Exploiting
this model they estimate the hypothetical value of world GDP in the absence of
international knowledge externalities. Their finding is that world GDP would be only 6%
of its current level if countries did not share ideas.
Another point is that some authors - as Khaliq & Noy (2017) - have already found that
some economic sectors may do not benefit from FDI inflows, or might even be harmed
by FDI, at the same time as the whole country may benefit from it (on average). That is,
FDI may have completely different effects on different industries, which adds a new
problem to the methodology used in the vast majority of studies on the effects of foreign
investment on economic growth, as they do not distinguish the data neither by regions
nor industries.
For instance, Wan (2010) makes an extensive literature review on the relationship
between FDI and economic growth and finds out that one of the main reasons for the
literature to provide conflicting predictions concerning the growth effects of FDI is that
existing studies have not been able to fully control country-specific effects and industry-
specific effects. That is, existing econometric models do not go sufficiently into detail.
In conclusion, most of the econometric models measuring the effects of FDI in receiving
countries’ economies may be biased because they are not able to:
1. Quantify the effects of FDI among different industries.’
2. Detect spatial externalities at any geographical level.
3. Identify the effects of FDI among different regions within the same country.
As most of the essential determinants of economic performance appear to reside
within country regions (Porter, 2003), we might expect FDI not to have the same
effects in any region of a given country. A few conditions such as the level of
available qualified human capital (which might not be smoothly distributed within
countries) can determine what the effects of FDI on economic performance are
(Borensztein et al., 1995). Moreover, the economy needs time to embed FDI in

their productive structure (Margeirsson, 2015), and this will depend on many

3> We find a very good example of how to measure (heterogeneous) FDI effects within a specific
economic sector in the recently published paper by Abebe, McMillan & Serafinelli (2018).



variables like the technology gap between home FDI and the recipient economy
(Chen, 1994). And, again, this technology gap may be bigger or smaller
depending on the (host) region where the investment takes place.
For this reason, the following sections are devoted to sketch the building blocks of a
theoretical model that takes into account all my previous comments (as one of the

novelties of this study).

3. FDI IN IRELAND
Over the last decade, inward FDI have experienced a sharp increase, with the value of
Ireland’s inward FDI stock rising a remarkable 638% between 2000 and 2015, according
to UNCTAD data (as you can observe in Figure 2).

Figure 2. Ireland’s inward FDI stock in US dollars at current prices (in millions)
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Ireland offers a very favorable tax climate and ease of doing business (World Bank
Group, 2018) as well as strong institutions and investor-friendly regulations (World
Economic Forum, 2017) which can be appealing to many foreign corporations
(Hornberger, Battat & Kusek, 2011). Moreover, there is a great foundation in terms of
education and available educated workforce (World Economic Forum, 2017), and the
language is obviously an asset. In addition, Ireland is known for having a great spirit and

energy around supporting business activity, business growth and business investment
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which makes it a unique and very attractive spot for significant large multinationals. This
is why the majority of investing countries are developed economies,® which is not
surprising at all since there has always been a great deal of two-way FDI flows between

pairs of developed countries (Markusen, 2002).

Figure 3. Ireland’s inward FDI stock composition
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Hence, how are all these investments affecting the country? According to the World Bank
data for 2016, Ireland is the fifth economy in the world by GDP per capita in USD, right
after Luxembourg, Switzerland, Macao (China) and Norway. Nonetheless, when
considering gross national income (GNI)” per capita, Ireland classifies tenth in the
ranking of the world’s richest countries, right after not only the abovementioned countries
but also Denmark, the U.S., Iceland, Sweden and Australia. In fact, there is a difference
of 10,215 USD between the Irish GDP per capita (64,185 USD) and the Irish GNI per
capita (53,970 USD), which acts as a primary indicator of the magnitude of FDI in such
a country, as this difference between GDP and GNI values arise from a negative balance

of income in the country.

6 See not only Figure 3 but also Appendix 2 for more details on the origin of inward FDI.

7 GNI is the total domestic and foreign output claimed by residents of a country, consisting of
GDP, plus factor incomes earned by foreign residents, minus income earned in the domestic
economy by non-residents.
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Then, does this mean that FDI is being used as a tool to exploit Ireland’s resources (either
human or capital) and then taking the profits back to the parent company, in line with the

alternative stream of economic thought that has a negative view of FDI?

Figure 4. Ireland’s GDP and FDI inflow association
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If we take a look at Figure 4, we can infer a positive association between FDI and
economic growth (as measured in terms of GDP growth), which might indicate a positive
effect of FDI on economic growth, in line with the predictions of neo-classical theory and
the new theory of economic growth. However, this information is far from enough so as
to determine whether FDI has had a positive effect (if any) on the economic evolution of
Ireland, as we might be facing a spurious relationship, a reverse-causality problem or
even a two-way relationship, as FDI can support growth but growth can attract FDI too
(Simionescu, 2016; lamsiraroj & Doucouliagos, 2015).

Whatever is the case, this issue requires an in-depth analysis, and this is precisely the

work I perform in the following sections.

4. THEORETICAL FRAMEWORK
The scope of this section is to outline a theoretical framework in line with the evidence

discussed in 3.2, with the intention to propose a setting close to the evidence at hand and
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that allows for getting more conclusive results about measuring what have been the
effects of FDI on the economic growth of Ireland.

In this section I develop the theoretical model that is used as a benchmark to carry out an
empirical analysis in sections 5 and 6, where I try to identify how does FDI (as well as

other factors) affect economic growth.

4.1 Model Development

In the new trade theory, trade is expected to be proportional to country size and inversely
proportional to distance since individuals that make up firms engage in direct
communication with their clients and suppliers, and information spreads through these
direct interactions (Chaney, 2011). Therefore, based in the same idea of mobility of
factors and space dimension that is embedded into the modern new trade theory, we might
think that externalities emerging from the spillovers generated by foreign investment in
host regions have similar correlations with distance, enriching nearby regions
proportionally to the distance at which they are located.

In order to measure all of the questions abovementioned, I am inspiring from the setting
developed by Ddgan & Taspinar (2013). This setting is valuable because it uses an
extended Solow-type growth model which allows for spatial externalities; although its
major drawback is not making a difference between sectors (which, as discussed in
section 2.2, can be crucial).

Let me consider the following production function at sector(i)-region(r) level:
Yir (t) = Air (OKir () *Lir ()P (1)

where Y;,.(t) is total output, K;,(t) is the amount of physical capital, L;,(t) is labor® and
A, (t) is a parameter greater than zero that measures the availability of the current stock

of technology for industry i in region r at time t,° while a and f are constants which we

8 The number of workers.
? Ireland (country’s) total output is defined as the sum of output across all sectors and regions (i.e.

ZinYir)~
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do not assume to lead to constant returns to scale (i.e. f does not necessarily equal 1 —
Q).
The stock of knowledge is expected to be composed by several factors and it is modelled

in the following way:

n

A (£) = QO ki ()P hyr () 2Fr (£) 2 nAisyW“ (®) 2)

SFT

where Q(t) = Q(0)e*" is, as in the Solow model, some proportion of exogenously given
technological progress identical in all regions within the country'® and u is its constant
rate of growth. k;.(t), h;-(t) and F;,.(t) are respectively physical capital per worker,
human capital per worker and the level of FDI'! in industry i within region r at time ¢,
while parameters ¢;, ¢, and ¢, with ¢p; € [0,1), ¢, € [0,1) and ¢p5 € [0, 1), represent
the degrees of externalities generated by these variables. The idea of spatial externalities
is captured by the term [[%,, A;s"""*(t), which reflects a geometrically weighted average
of the stock of knowledge of the neighbors of region r denoted by s. The parameter y,
with y € [0,1), describes the degree of interregional technological interdependence
generated by spatial externalities and is assumed to be identical for all regions. Finally,
Wy, With w,¢ €[0,1] V7 # s and w, = 0 if r = s, represents the connectivity (namely
spatial proximity) between region r and its neighbor regions (s # r), and it is assumed to
be non-stochastic and finite. Moreover Y. 7., w,, = 1V r = 1,...,n. Thus, the more a
region r is connected to its neighbor regions (i.e. w, = 1) the more it benefits from
spatial externalities.

According to Romer (1986), k;,.(t) represents the aggregated capital of the economy
since the investment of any firm helps increasing the stock of experience or knowledge
of the rest. Such externalities can emerge from the so-called ‘learning by doing’ and
‘knowledge spillovers’ or ‘know-how’ described by Sala-i-Martin (2000).

In the same way, and as discussed in the previous section, the beneficial effects on growth
of FDI come through higher efficiency rather than simply from higher capital
accumulation (Borensztein et al., 1995). One may expect the increase in investment!? by

a given company not only to increase its own production but also to boost the production

19 This is a theoretical value that is not measured in section 5.

"' The introduction of Fj.(t) is relevant since FDI plays a role of a conduit for the transfer of
knowledge-based assets to host countries (Ddgan & Taspinar, 2013).

12 Either the capital invested by any firm or the capital invested because of a FDI operation.
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of other firms which surround it. Investing companies will acquire new experience and
knowledge, and this knowledge will also be used by other companies. According to
Acemoglu ‘knowledge is a largely non-rival good: once a particular technology has been
discovered, many firms can make use of this technology without preventing others using
the same knowledge’ (2009: 430).

If we combine (1) and (2) we obtain:

n

Yir(t) = Kir(t)aLir(t)BQ(t)kir(t)d)lhir(t)d)zFir(t)d)s l_IAisywrs (t) (3)

S#Tr

that is the equation on which I have based my empirical analysis, in section 5.

4.2 Advantages of the New Theoretical Setting
The advantages of this approach are clear; we solve the issues raised in 3.2:
e The model emphasizes FDI spillovers within country borders so that we are able
to measure the effects of FDI among different regions and industries.
e The model is spatially augmented. As a result, we are able to capture spatial
externalities at regional level.
e Another point is that the model emphasizes human and physical capital
externalities within country borders.
This regression with FDI as an independent variable might be subject to endogeneity
problems, though. For example, there may be omitted variables that simultaneously affect
both economic performance and the inflow of FDI, which could generate a correlation
between FDI and the error term, causing the estimated coefficients to be biased.
This endogeneity problem is usually avoided by applying instrumental variable
techniques, but there are no ideal instruments available (Borensztein et al., 1995). In this
particular case, the dependent variable is not economic growth per se, but gross value
added (GVA), and I try to solve any possible problem by using a cross-section panel data
estimation which allows me to control for section-specific and time-invariant “fixed
effects”. In addition, I consider including lagged variables if necessary (which can help
to control for endogeneity bias), as Nair-Reichert & Weinhold (2000) recommend.
Ensuring that the variances of the error terms are unrelated to the explanatory variables

has also been considered.
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5. EMPIRICAL ANALYSIS
The economic performance of Ireland is measured using the total firms’ output for each
sector, within each region, and for each calendar year. I employ the data for GVA!® by
NUTS" and classified by NACE!> (NACE Rev.2)'¢ for the period 2000-2015, which is
provided by Eurostat.

5.1 Data and Variables

In order to bring equation (3) into data, I log-linearize it and I proxy the different variables
with the available information. The dependent variable of the econometric model is the
natural logarithm of GVA per industry (i), region (r) and time (t), defined as log y;,.
Data are organized as a panel and the final model-equation to be estimated is the

following:
logyire = Bo + B1log Kirt + Bolog Ly + f3logAje + G + 1 + T + €ire 4)

where {;, n,- and T, are respectively industry, region and time fixed-effects, while €;,; is
the error term of the regression model.

Equation (4) is an approximation of theoretical equation (1) developed in the previous
section but, in this case, the equation is taken in logarithm.

Then, following the same reasoning discussed section 4, the correspondent log-

linearization of (3) that can be also obtained as an augmented version of (4) becomes:

13 1t is defined as output (at basic prices) minus intermediate consumption (at purchaser prices).

The sum of GVA over all industries or sectors plus taxes on products minus subsidies on products
gives GDP (Eurostat, 2017b).

4 The Classification of Territorial Units for Statistics (NUTS) is a geocode standard for
referencing the subdivisions of countries for statistical purposes. NUTS 2 (namely NUTS II)
refers to regions belonging to the second level (Eurostat, 2016a). In Ireland, there are only two
regions at NUTS 2 level: ‘Border, Midlands and Western’ region and ‘Southern and Eastern’
region. See Figure Al and Figure A2 in the Appendix section for more details on this issue.

15 The Statistical classification of economic activities in the European Community, abbreviated
as NACE, is the classification of economic activities in the European Union (EU). NACE is a
four-digit classification providing the framework for collecting and presenting a large range of
statistical data (Eurostat, 2016b). See Figure A3 in the Appendix section for more details on this
issue.

' NACE Rev. 2, a revised classification, was adopted at the end of 2006 and, in 2007, its
implementation began. The first reference year for NACE Rev. 2 compatible statistics is 2008,
after which NACE Rev. 2 will be consistently applied to all relevant statistical domains (Eurostat,
2016Db).
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logyire = Po + B110g Lyt + B2 10g Kir
+ Bsllogkire +loghyre + logFye + W-logFige] + 4 + 1y (5)
+ Eire
where k;,¢, h;+ and F;,.. are respectively physical capital per worker, human capital per
worker and FDI inflows (measured as the number of FDI operations) for industry i in
region r at time t. F;;; stands for the number of FDI operations in industry i within
neighbor region s at time t, while W is the (n X n) spatial neighbors Markov matrix
consisting of the weights. Inside this matrix, w,.¢ denotes each (r, s)™ element belonging
to W. The (7, s) elements of this matrix tell us the extent (degree) to which region r is a
neighbor of region s. However, in this particular case, W is simply an adjacency or
proximity matrix that can be simply approximated with a dummy.!” Thus, we take its
diagonal elements to be zero, (i.e. region r is not a neighbor of itself), while we take a

value of one if region r and region s are neighbors. As a result:

logyire = Bo + B1log Lyt + B2 10g Ky + 3 logkirr + By log hype

(6)
+ ﬂS log Firt + ﬁG(drs ' log Fist) + {i + Ny + Tt + Eirt

where d,.¢ is a dummy variable indicating border-proximity, which in the particular case
of Ireland turns to be a constant equal to one since there are only two regions according

to the NUTS 2 classification of the data employed in this report. Therefore, (6) becomes:

logyirt = Bo + B110g Lyt + P210g K + B3 logkye + Baloghye
+ ﬁS log Firt + ﬁ6 log Fist + {i + nr + T¢ + girt

(7)
and F;s; can be obtained by simply creating a new variable in the data set.'®
5.1.1 Physical capital

Physical capital (K) is approximated with gross fixed capital formation (GFCF), which

consists of resident producers’ investments (deducting disposals) in fixed assets during a

17" Otherwise, more complex forms including distances would lead to the adoption of spatial
econometric models.

18 That is, the variable F;; (FDI operations in neighbor region) was not created with Gretl (the
econometric software used in this project) but with Excel (the spreadsheet program used in this
project to tabulate the raw data). This variable was introduced into input data by simply adding
another column into the input table in Excel. The number of FDI operations in region 2 were
written down in a new column for region 1 (under the name of FDIneighbor), and vice versa.
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given period. It also includes certain additions to the value of non-produced assets
realized by producers or institutional units (Eurostat, 2017a).

On the other hand, the k indicator is calculated as an index indicating the availability of
GFCF per worker. That is, k; = GFCF../workers;.; = K+ /workers;;.

All this data is retrieved from Eurostat.

5.1.2 Labor

In the theoretical model, we consider that all the active population work for the same
number of hours each year. However, evidence emphasizes that it is not always like that.
Then, in order to take into account these differences, the variable L is approximated with
the total number of hours worked per year in each industry within one region or another,
specifically ‘Employment (thousand hours worked) by NUTS 2 regions’, which is also
provided by Eurostat.

5.1.3 Human capital

My initial intention was to estimate this variable (h) as an index of employed people with
tertiary education per unit of work. Nevertheless, this kind of data (the number of people
with tertiary education) does not exist as classified by NUTS 2 and NACE at the same
time. For this reason, I just take total employment by educational attainment level and
NUTS 2 regions (provided by Eurostat) as a proxy.

I only include human capital at regional level, without discriminating by industry. The
way I build this variable is the following: I take the total number of workers with tertiary
education within one region and, then, I normalize it over the total number of workers
within that region (i.e. I calculate the percentage of employed people with tertiary
education for each region). After that, I use this value as a common indicator for all the

industries within the same region.

5.1.4 FDI
There is no specific data for FDI divided by years and classified by NUTS 2 and NACE.
Therefore, my approach used to estimate this variable has been the following one: From

Amadeus database,!” T got a set of data of different Irish companies with an ultimate

19 This database provides disaggregated firm-level data on around 21 million companies across
Europe.
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owner or at least one shareholder located in any foreign country owning 10% (or more)
of the firm. Once I had all these companies at hand, in order to identify in which year
investment took place, I filtered data according to their ‘date of incorporation’ and I got
4,014 different FDI operations.

In this particular case, 587 out of these observations 4,014 provided an empty ‘NUTS
classification’, while other 199 companies had the ‘NACE section’ in blank. The first
issue was fixed successfully assigning the NUTS classification by hand, either referring
to the company-address zip code or the legal name of the company in question.?’
However, the second issue had to be solved in a very different way, as this happened
because these firms are (in most cases) either multiproduct or their investments take place
in the finance sector (capital entry) but their final activity refers to another sector. Looking
closely at the data, I realized that several of these companies were “holdings”, which
meant that (then) it went in the direction of my second explanation. For this reason, I
applied the previous working hypothesis and assigned 178 of these firms to the “finance
sector”. Then, the remaining 21 companies were classified in other sectors, as it seemed
somehow clear that their activity was focused on other sectors.

Once all the data at hand was processed I started filling in the number of operations that
took place in each year for each industry and each region in a very basic way. I gathered
all the information about all the companies in the same Excel table and, then, I applied
the necessary filters (year, region and industry) to be able to count the number of FDI

operations and writing them down, one by one.

5.1.5 FDI spatial externalities
As we discussed in section 4, externalities may take place not only within but also across
regions. This variable (F;) is aimed at measuring the latest — spatial -externalities across

regions.

5.2 Econometric Approach
In this paper, I use panel data so as to be able to observe the behavior of different entities
across time. This data structure allows me to control for non-measurable variables

(through fixed-effects) such as industrial or regional factors (e.g. fiscal subsidies granted

20 In such a case, the name of the company was checked in the Irish company and Irish director
information search device SoloCheck.
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by local governments), or differences in business practices across regions or industries,
or variables that change over time but not across regions or industries.
My intention is to account for individual heterogeneity because it is actually present in

my data, as you can observe in Figure 5:

Figure 5. The heterogeneity problem
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Source: Gretl output

Figure 5 displays the association between the natural logarithm of GVA and the natural
logarithm of FDI operations in different industries (the “B-E”, “G-I”, “K” and “M-N”
industries, according to the NACE classification depicted in Figure A3, in Appendix 1.
That is, the “industrial sector”, the “wholesale and retail trade sector”, the “financial
sector”, and the “research, professional services and scientific activities sector”). In this
scatterplot, we can detect two components of heterogeneity: one is the presence of clusters
of observations and the second is the dispersion of observations inside each cluster. The
former issue is controlled by using a fixed effects (FE) model such as the one introduced
in equation (7), and the latter by correcting estimations to be robust.

Furthermore, FE are also useful to control some unobserved variables (at region and
industry level, such as local institutions or some features that differentiate one industry
from another) that do not change over time but they may generate changes in the

dependent variable.
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5.2.1 Least squares dummy variable (LSDYV)

A way to implement a FE model by using binary variables for each industry and region
as well as for each time period is the least squares dummy variable (LSDV) estimation
strategy. By adding the dummy for each industry, region and time-period we control for
the unobserved heterogeneity and get the pure effect of the dependent variables of
interest, inasmuch as each dummy is absorbing the effects particular to each industry,
region and time period. This is equivalent to introducing a region-specific (and industry-
specific, and time-specific) intercept into the model.

We can either include a dummy for all the cross-sections but one, and keep the intercept
term, or estimate the model with a full set of specific dummies and no intercept — as in
Wawro (2008).

This general approach of including unit-specific dummies, known as LSDV, is the
approach used in this paper. Moreover, in order to avoid making mistakes in the form of
heteroscedasticity and/or autocorrelation, I use the OLS estimator (which is unbiased for
the parameters of a well-specified model) with robust estimates of the standard errors, so

that the contrasts are valid, as previously discussed.

6. EMPIRICAL RESULTS
In Table 1, I present the descriptive statistics of our variables of choice. If we focus on
the FDI and GVA variables, we see that they vary considerably. When observing their
minimum and maximum values, we see they range from €206.11 million to €85,415
million and from 0 to 328 operations, respectively. The minimum value of GVA
corresponds to the agricultural sector in the “Border, Midland and Western” region in
2009 (a year in which the Western economies were severally punished by the Great
Recession), while the maximum value of GVA corresponds to the industrial sector in the
“Southern and Eastern” region in 2015 (the last year of the period measured in this paper,
in which Ireland achieved an annual 25.56% GDP growth, according to World Bank
data). The minimum value of FDI may be associated to many industries, regions and
years because (as hinted by the low median and the high skewness value) there are many

observations (109) where the value of FDI operations is zero?!. The maximum value of

21 Note that having so many zero values can cause a problem when applying logarithms, as these
observations give us a value equal to infinity and are automatically dropped from the sample. This
is why section 6.2.1 is devoted exclusively to explain how I have addressed this issue.
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FDI operations corresponds to the financial sector, in the “Southern and Eastern” region

in the last year of available data, too.

Table 1. Descriptive statistics

Variable Mean Median Minimum Maximum  Std. Dev.  Skewness
GVA (mn) 7,661 4,338.5 206.11 85,415 9,159.5 2.9012
GFCF (mn) 1,977 860.18 —32.25 19,977 2,898.3 2.8261
L (000) 174,481 124,173 1,729.3 742,760 178,488 1.5712
Workers (000) 95.64 63.70 1.20 427.94 102.08 1.6943
FDI (units) 12.328 1 0 328 36.913 5.1537

Source: Own elaboration based on Gretl output

As previously discussed, my empirical analysis is implemented by means of LSDV
model, using panel data to analyze the period between 2000-2015 for which I have
availability of data regarding GVA, GFCF, L, Workers, and FDI operations within each
industry and region of Ireland. That model takes the form presented in equation (7).
Table 2 depicts the results obtained when running different regression models. The first
one (Regression I) represents equation (7) and its complete estimation outputs are
presented in Figure A8, in Appendix 3. As shown in Table 2, the overall goodness of fit
of the model is quite high. Nonetheless, as detected in Figure A9, in Appendix 3, the
variable log k;,-» must be omitted from the model in order to avoid a multicollinearity
problem that makes hard the identification of the individual impact of each of the
independent variables of the model (Verbeek, 2004; Wooldridge, 2009). Consequently, I
need to run a second regression free of this multicollinearity problem: Regression II, that
is also presented in Table 2.

At this point, in order to proceed with the estimation of the correct model and its
interpretations, I have to take into account the possible presence of autocorrelated errors.
As you can observe in Figure A12 and Figure A13 in Appendix 3, I do not find any
presence of autocorrelation in Regression II.

In case I found autocorrelated errors in the regression specification, the OLS estimator
would become inefficient since the formulas used to compute the standard errors would
be no longer correct and confidence intervals and hypothesis tests using them would be
wrong (Verbeek, 2004) — This is exactly what happens when I run Regression III, which

I will explain later.
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Eventually, I need to control for the presence of heteroscedasticity. In this case, the
estimates have already been generated using the "robust" correction for standard errors t.
In addition, as one can realize in Figure A18, when running the White’s test for
heteroscedasticity I get an LM test statistic equal to 26.9649, with a p-value of 0.798944,
which does not allow me to reject the null hypothesis of no heteroscedasticity.

In conclusion, the tests of significance that assume the modelling errors are uncorrelated
and uniform (i.e. that their variances do not vary with the effects being modelled) are not
invalidated for Regression II. Therefore, I can assure my OLS estimator is still the best

linear unbiased estimator (BLUE).

Table 2. Estimation regression (LSDV): variables of interest

Model dependent variable: log y;,+

Regression I Regression I Regression III  Regression IV
constant 2.19371 -0.210105 -3.19426%** -2.67927%**
(0.3075) (0.8863) (0.0044) (0.000)
log L, 0.267352 0.601869%** 0.837897*** 0.715183 %
(0.2469) (0.000) (0.000) (0.000)
log K¢ 0.510340** 0.145679%** 0.165531%*** 0.230738***
(0.0158) (0.0015) (0.000) (0.000)
log ki, -0.362502* - - -
(0.0914)
log e 0.559619%** 0.606022%*** 0.496775%** 0.356006%**
(0.000) (0.000) (0.000) (0.000)
logF 0.0668724**  0.0794279***  0.0776975%* 0.0542321%**
(0.0102) (0.0042) (0.0190) (0.0109)
log Fig¢ -0.0509687**  -0.0546232** - -0.00328138
(0.0494) (0.0471) (0.8847)
logFig_1 - - 0.0360310* -
(0.0857)
Observations 138 138 124 318
R-squared 0.982145 0.981704 0.978095 0.970451
F-test 188.6568 100.2851 60.40540 103.0734
(0.000) (0.000) (0.000) (0.000)

Source: Own elaboration based on Gretl output
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6.1 Goodness-of-fit of the Estimations

Now that I established that Regression II is not biased, I can interpret its results.

To measure the goodness of fit of a model, we usually use the coefficient of determination
(R-squared). In this particular case, its value is 0.981704, which implies that around 98%
of the variation in log GVA can be explained by the variables included in the linear
regression model.

Another measure on the overall goodness of fit of the model is the test for the joint
insignificance of the slope coefficients. In this case the null hypothesis is Hy: f; = [, =
-+ = f,9 = 0 while the alternative hypothesis is Hy: f; # 0,and/or B, # 0, ..., 25 #
0,and/or 9 # 0. This is carried out with an F-test giving a test statistic equal to
188.6568, with a p-value of (0.000). This means that, at any conventional level of
significance, there is evidence to reject the null hypothesis of joint insignificance of the
slope coefficients. In other words, all of the repressors together have some statistical role
in explaining the dependent variable.

Furthermore, all the independent variables (including all the cross-sectional dummy
variables) but the constant and the time dummy variables are individually statistically
significant at a 10% significance level, as you can see in Figure A10, in Appendix 3. This
result implies that each sector is differentiated by its own peculiarity constant over time
(in terms of technology or form of organization of production, for example) that is
statistically relevant and needs to be taken into consideration.

In addition, we should note that even though the time dummies are not individually
significant, when I run a test for the joint significance of time dummies to see if the
dummies for all years are equal to 0 and then no time fixed effects are needed, I have to
reject this null hypothesis with an F-value of 2.62565 and a p-value of 0.0259396. That
is, time fixed-effects are significant at a 5% significant level, as shown in Figure A18.
Finally, in this same figure we see that the Pesaran’s test for cross sectional independence
gives a z-value of -1.574449 with a p-value of 0.115374. This result does not allow me
to reject the null hypothesis that there is no cross-sectional dependence in the model —i.e.
the residuals are not correlated— while in Figure A19 we see that the F-test for the joint
significance of differing group means (used to verify that the FE model is not more
recommendable than the OLS model) gives an F-value of 1.29286 with a p-value of
0.208529. This last result does (also) not allow me to reject the null hypothesis that the
pooled OLS model is adequate, against the fixed effects alternative, at any conventional

level of significance.
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6.1.1 Interpretation of the coefficients

Looking at the estimates of the coefficients, we can appreciate they are in line with the
expected outcomes discussed in the theoretical setting. Overall, all factors of production
display a positive association with the dependent variable, with the exclusion of the stock
of FDI in the neighbor regions. All the coefficients except B, (for log F;s,_) display their
expected positive signs.

The negative sign of B, means that from a spatial perspective there are no spillover
effects. All the FDI spillover effects are rather self-contained in a single spatial unit.
One can conclude that (in my sample), ceteris paribus, an additional percentage point of
total working hours in the industry of a given region increases the GVA of that industry
within that specific region, on average, by approximately 0.602%. Further, an additional
percentage point of GFCF increases GVA by approximately 0.146%, while an increase
of one percentage point in the proportion of employed people with tertiary education
increases GVA by approximately 0.606%. Also, an increase of one percentage point in
the number of FDI operations in the industry of a given region increases the GVA of that
industry within that specific region by approximately 0.0794%. Finally, an increase of
one percentage point in the number of FDI operations in the same industry and region
decreases the GVA of that industry within the neighbor region by approximately
0.0546%.

Referring to the role of FDI on regional growth, my analysis delivers an interesting
finding: the growth of a region exclusively relies on the incoming FDI of the same
territory. The same is negatively influenced by the FDI of the neighboring regions, which
implies that only the FDI operations of a region influence its growth while those of the
neighboring zones do not promote, and rather limit or dampen, its economic performance.
Thus, the FDI effect is limited to one locality and, when referring to FDI operations,
spatial externalities across Irish regional territory seem not existing at least in the short
term.

A possible explanation for these results can refer to the potential FDI competition across
regions. That is, when there is a FDI operation in one region, this territory may attract the
resources from its neighbor region, “stealing” its assets and, therefore, reducing its

potential GVA growth.
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6.2 Alternative Model Specifications

As identified in Table 2, Regression III estimates the same model but, in this case, the
FDI in the neighbor region is lagged by one time period. The idea behind it is to check
whether negative neighbor FDI effects found in Regression II arise because they are
measured in the same year as the other variables. In this respect one may argue that spatial
externalities could take some time to translate into positive spillover effects in neighbor
regions.

When running this last specification of the model, B, becomes positive, indicating that —
under ceteris paribus conditions — when considering a specific industry within a specific
region, an increase of 1% in the number of FDI operations in the analogous industry of a
neighbor region increases the GVA of that industry within the firstly mentioned region
by approximately 0.036%.

Nonetheless, as you can observe in Figure A15 in Appendix 3, Regression III suffers from
positively autocorrelated errors, which implies that the estimation method of this
regression is no longer efficient. Therefore, I still prefer to rely on the previous regression

model (Regression II).

6.2.1 Robustness check

Another issue that arises when considering Regression II is that the model only employs
138 out of the 320 observations provided by the sample data. This happens because, when
using logs, all the values equal to zero imply a log value equal to infinity and, therefore,
Gretl eliminates these observations.

Furthermore, this problem becomes more stringent when measuring the FDI operations
made in neighbor regions, as all the zero values appear twice in the sample, eliminating
several observations that otherwise would be included in the sample if not testing for
spatial externalities.

Therefore, in Table 2 I implement an additional estimation (Regression IV), which
accounts for that problem with zero values. This regression specification exploits a
sample data in which I add a unit-value to all “0” observation values. Then, applying the

logarithm transformation, all these observations — now taking value log(1) = 0 — will
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appear back into the sample, allowing me to retrieve the full 318 observations.?? For this
reason, Regression IV is a further robustness check.

As one can appreciate in Table 2, in general, all the estimated coefficients of interest for
Regression IV take very similar values to those in Regression II. The coefficient
measuring the effect of FDI operations in the receiving region shows a positive value
(0.0542321) that falls within the 95% confidence interval obtained in Regression II
([0.028378,0.130478]), when using only 138 observations.

In contrast, the coefficient that measures the effect of FDI operations in neighbor
countries () loses its statistical significance, which is a further signal that FDIs have
only a spatial self-contained positive impact on economic growth since spillovers effects
between regions do not seem to be effective.

Consequently, I assess that my core regression (Regression II) is valid and my estimated

coefficients are reliable, because they are supported by different robustness checks.

7. CONCLUSIONS

The effect of FDI on economic growth has been studied for several years and by several
authors. However, the empirical literature has been a bit inconclusive to provide clear
evidence for the positive impact of FDI on economic growth.

In this study, I reviewed both strand of literature. The former focus on the contributions
that have empirically supported the idea that FDI stimulates economic growth through
different technological spillovers — such as Abebe et al. (2018), Borensztein et al. (1995),
Dogan & Taspinar (2013), Kotrajaras (2013), Mallick & Moore (2008), Markusen (2002),
Mauro (1995), Melnyk et al. (2014), Yu et al. (2011) or Zhu (2010). The latter includes
studies that have empirically supported the idea that FDI may bring external vulnerability
and dependence into receiving countries, jointly with a crowding out effect of domestic
investment, destructive competition between foreign affiliates and domestic firms, and
“market-stealing effects” as a result of poor absorptive capacities — such as Gerlach &
Liu (2010), Khaliq & Noy (2007), Margeirsson (2015), or Wan (2010).

However, despite efforts made to measure the effect of FDI on economic growth, I

discussed that several models used in the current literature are biased because they are

22 There are two missing observations corresponding to the construction industry in 2011 (in both
regions) due to GFCF negative values.
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not able to well identify heterogeneity problems in FDI compositions, or any spatial
externality neither at the national nor the regional level.

With the intention to shed some light on this issue, I developed a novel theoretical
mathematical model that took into account all my previous critiques. When testing this
model by using an original database created by merging different regional-level and firm-
level data, my study presents empirical evidence that (within country borders) each sector
and region is differentiated by its own peculiarity that is statistically relevant and must be
taken into consideration. Otherwise, we would obtain biased results when running any
regression model.

Moreover, I find empirical evidence that FDI has a positive effect on the output of host
countries, in line with the mainstream economic theory. The estimation results based on
the LSDV model and the data for Ireland during the period 2000-2015 indicate that one
percentage point increase in the number of FDI operations increases the country’s output
approximately by 0.03 to 0.13 percent, with a 95% confidence level. However, from a
spatial perspective, I fail to find positive spillover effects between regions within country
borders. All the FDI spillover effects are rather self-contained in a single spatial unit.
Thus, my analysis delivers the results that the growth of a region depends on the number
of FDI operations within that same territory, while those of the neighboring regions do
not promote, and rather dampen, its economic growth (at least in the year in which the
FDI operation takes place).

Nevertheless, there are some limitations in this study that should not be overlooked. At
first, because of no availability of data classified by NUTS 2 and NACE 3 at the same
time, the variable measuring human capital in my econometric model is defined just as
the percentage of employed people with tertiary education for each region, as a proxy for
all the industries located in the same regions. Exploration for more detailed data in this
respect would be valuable.

Another limitation is that 5% of the observations?} in my sample do not provide a clear
industry classification of FDI operations, as they had to be reclassified under some
specific assumptions about data. In order to overcome this problem, I manually fixed the
missing information adopting an ad-hoc working hypothesis. Once more, it could be

interesting to check the validity of the strategy I adopted.

23199 out of 4,014 observations.
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Furthermore, there exists further potential development of this study that deserve to be
taken into consideration. First, we would get more precise results if we worked with even
more disaggregated data (e.g. at firm-level). Secondly, when data is available, we ought
to work with longer time intervals so as to obtain more robust results. Finally, in this
study I was not able to find FDI spatial externalities across regions in the short term, but
there is space for new studies to measure FDI spillover effects in the longer term.

In conclusion, my results provide evidence that the high level of inward FDI in Ireland
positively influences the country's output, but there is a lot of potential for further studies
on this topic. For instance, we could introduce fiscal conditions into the research as to
check whether FDI impulses growth limited to one region because of fiscal subsidies
granted by local governments, which fuel the creation of local networks of suppliers
limited to one region. We could also study what is causing the presence of the clusters of
observations found in section 5.2. Are they the result of different local institutions’
policies and/or different governing political parties (for example)? Having this
information at hand would allow us to have a deeper understanding of the topic, as well
as it would eliminate the necessity to include region fixed-effects in our econometric

models.
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APPENDIX

APPENDIX 1: DATA CLASSIFICATION

Figure A1. NUTS 2 regions of Ireland Figure A2. Ireland’s counties
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Figure A3. NACE classification of economic activities
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APPENDIX 2: IRELAND’S INWARD FDI, COUNTRY OF ORIGIN

Figure A4. Ireland’s inward FDI stock from developed countries origin in 2003
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Figure AS. Ireland’s inward FDI stock from developed countries origin in 2007

FDI STOCK FROM DEVELOPED COUNTRIES
COMPOSITION (2007)

Other developed
Netherlands Luxembourg economies Italy

Source: Own elaboration based on UNCTAD data

Figure A6. Ireland’s inward FDI stock from developed countries origin in 2012

FDI STOCK FROM DEVELOPED COUNTRIES & THE
CARIBBEAN COMPOSITION (2012)

Other developed
economies
Caribbean

Switzerl
Luxembourg Netherlands and

Source: Own elaboration based on UNCTAD data

31



Figure A7. Ireland’s stock of inward FDI by immediate investor in 2016

200

150

€bn

50

2016

® Offshore Centres
@ United Kingdom

@ United States Other
@ Netherlands ©® Luxembourg

Source: CSO Ireland

APPENDIX 3: GRETL SCREENSHOTS

Figure A8. Regression I

Model 2: Pooled OLS, using 138 observations
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Dependent variable: 1_GVAmillioneuro

Robust (HAC) standard errors
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DIndustry_6 1.47601 0.186672 7.907 1.99e-07 sekk
DIndustry_7 2.62886 0.366803 7.167 8.24e-07 sokk
DIndustry_8 0.926125 0.116528 7.948 1.85e-07 ko
DIndustry_9 1.16641 0.130884 8.912 3.25e-08 xkx
DIndustry_10 0.307233 0.166301 1.847 9.0803 x
DRegion_2 0.237031 0.118630 1.998 9.0602
dt_2 -0.0163813 0.0560511 -0.2923 9.7733
dt_3 -0.08377658 0.161922 -0.2332 9.8181
dt_4 0.0733107 0.0686685 1.068 9.2991
dt_5 -0.115368 0.117897 -0.9785 9.3401
dt_6 0.0304393 0.0532714 9.5714 9.5744
dt_7 -0.0448425 0.127048 -0.3530 9.7280
dt_8 0.112849 0.0769716 1.466 9.1590
dt_9 -0.122720 0.150874 -0.8134 9.4261
dt_10 0.0538848 0.0682960 0.7890 9.4399
dt_11 -2.03824e-05 0.160907 -0.0001267 ©.9999
dt_12 0.0306659 0.100996 9.3036 0.7647
dt_13 -0.0643927 0.134097 -0.4802 9.6366
dt_14 0.0859624 0.0606400 1.418 9.1725
dt_15 0.131955 0.129260 1.021 9.3202

Mean dependent var 8.629281 S.D. dependent var 1.132919

Sum squared resid 3.139613 S.E. of regression 0.171296

R-squared 9.982145 Adjusted R-squared 0.977139

F(30, 19) 188.6568 P-value(F) 3.71e-18

Log-likelihood 65.22413 Akaike criterion -68.44826

Schwarz criterion 22.29661 Hannan-Quinn -31.57179

rho 9.31621@ Durbin-Watson 0.967472

Excluding the constant, p-value was highest for variable 47 (dt_11)

Source: Gretl output
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Figure A9. Regression I — Collinearity

Variance Inflation Factors
Minimum possible value = 1.0
Values > 10.0 may indicate a collinearity problem

1_Lhoursinthousand 439.579
1_GFCFmilioneuro 473.285
1_k_workers 601.825
1_hHavgelL 2.310
1_FDIoperationsinunits 8.655
1_FDIneighbor 6.808
DIndustry_2 25.160
DIndustry_3 6.768
DIndustry_4 32.615
DIndustry_5 10.197
DIndustry_6 19.775
DIndustry_7 39.397
DIndustry_8 36.774
DIndustry_9 10.456
DIndustry_10 6.839
DRegion_2 12.971

dt_2 1.693

dt_3 3.653

dt_4 2.084

dt_5 5.257

dt_6 1.767

dt_7 2.619

dt_8 1.950

dt_9 4.874

dt_10 2.072

dt_11 4.208

dt_12 1.648

dt_13 4,076

dt_14 2.007

dt_15 5.868

VIF(j) = 1/(1 - R(j)~2), where R(j) is the multiple correlation coefficient
between variable j and the other independent variables

Source: Gretl output

Figure A10. Regression II

Test on Model 2:

Null hypothesis: the regression parameter is zero for 1_k_workers
Test statistic: Robust F(1, 19) = 3.16231, p-value 0.0913642
Omitting variables improved 1 of 3 information criteria.

Model 3: Pooled OLS, using 138 observations
Included 2@ cross-sectional units
Time-series length: minimum 4, maximum 9
Dependent variable: 1_GVAmillioneuro
Robust (HAC) standard errors

coefficient std. error t-ratio p-value

const -0.210105 1.45006 -0.1449 0.8863
1_Lhoursinthousa~ 9.601869 0.116029 5.187 5.24e-05 sxx
1_GFCFmilioneuro 0.145679 0.0393368 3.7e3 0.0015 Hedor
1_hHavgeL 0.606022 0.0909623 6.662 2.26e-06 dox
1_FDIoperationsi~ 0.0794279 0.0243904 3.257 0.0042 FAow
1_FDIneighbor -0.0546232 0.0257247 -2.123 0.0471 Hok
DIndustry_2 1.70488 0.142399 11.97 2.69e-10 ¥k
DIndustry_3 1.24238 0.0702935 17.67 2.98e-13 xkx
DIndustry_4 ©0.912493 0.157059 5.810 1.35e-05 ¥k
DIndustry_5 1.30515 0.163755 7.970 1.77e-07 ¥k
DIndustry_6 1.48977 0.184262 8.085 1.43e-07 ¥k
DIndustry_7 2.62446 0.384670 6.823 1.64e-06 ¥ox
DIndustry_8 0.962345 0.112533 8.552 6.14e-08 x¥ox
DIndustry_9 1.31268 0.115942 11.32 6.88e-10 xiox
DIndustry_10 0.385502 0.162585 2.371 0.0285  xk
DRegion_2 0.233375 0.122059 1.912 0.0711  *
dt_2 -0.0182095 0.0524626 -0.3471 0.7323

dt_3 -0.0268066 0.177020 -0.1514 0.8812

dt_4 ©.0824959 0.0649421 1.270 0.2193

dt_5 -0.103028 0.129527 -0.7954 0.4362

dt_6 0.0282086 0.0564886 0.4994 0.6233

dt_7 -0.0551715 0.134765 -0.4094 0.6868

dt_8 0.107543 0.0746498 1.441 0.1660

dt_9 -0.117646 0.165760 -0.7097  0.4865

dt_1e 0.0467109 0.0661817 0.7058  0.4889

dt_11 -0.00418158 0.174764 -0.02393 0.9812

dt_12 0.0209620 0.0900787 0.2327 0.8185

dt_13 -0.0603130 0.139226 -0.4332 0.6697

dt_14 0.0800129 0.0541991 1.476 0.1563

dt_15 0.152258 0.136885 1.112 0.2799

Mean dependent var 8.629281 S.D. dependent var 1.132919
Sum squared resid 3.217153 S.E. of regression 0.172593

R-squared 9.981704 Adjusted R-squared 0.976791
F(29, 19) 100.2851 P-value(F) 1.50e-15
Log-likelihood 63.54070 Akaike criterion -67.08140
Schwarz criterion 20.73621 Hannan-Quinn -31.39449
rho 9.287235 Durbin-Watson 1.002424

Excluding the constant, p-value was highest for variable 47 (dt_11)

Source: Gretl output



Figure A11. Regression II — Collinearity

Variance Inflation Factors
Minimum possible value = 1.0
Values > 10.0 may indicate a collinearity problem

1_Lhoursinthousand 53.610
1_GFCFmilioneuro 10.026
1_hHavgeL 2.034
1_FDIoperationsinunits 7.953
1_FDIneighbor 6.748
DIndustry_2 24.617
DIndustry_3 6.483
DIndustry_4 29.417
DIndustry_5 10.169
DIndustry_6 19.748
DIndustry_7 39.394
DIndustry_8 36.359
DIndustry_9 7.897
DIndustry_10 6.532
DRegion_2 12.965

dt_2 1.693

dt_3 3.645

dt_a 2.070

dt_5 5.242

dt_6 1.766

dt_7 2.615

dt_8 1.946

dt_9 4.872

dt_10 2.064

dt_11 4.207

dt_12 1.639

dt_13 4.075

dt_14 2.002

dt_15 5.824

VIF(j) = 1/(1 - R(j)~2), where R(j) is the multiple correlation coefficient
between variable j and the other independent variables

Source: Gretl output

Figure A12. Regression II — First order autocorrelation: AR(1)

Model 12: Pooled OLS, using 59 observations
Included 18 cross-sectional units
Time-series length: minimum 1, maximum 6
Dependent variable: uhat_regIl

coefficient std. error t-ratio p-value

const -0.00562769 0.0202233 -0.2783 0.7818
uhat_reqII_lagl 9.0546876 9.137250 0.3985 0.6918

Mean dependent var -0.005906 S.D. dependent var 0.154115
Sum squared resid 1.373762 S.E. of regression 0.155245

R-squared 9.002778 Adjusted R-squared -0.014718
F(1, 57) 9.158764 P-value(F) 0.691786
Log-likelihood 27.20218 Akaike criterion -50.40436
Schwarz criterion -46.24928 Hannan-Quinn -48.78238
rho -0.042237 Durbin-Watson 1.156124

Source: Gretl output

Figure A13. Regression Il — The nature of autocorrelation: ‘time’ vs. ‘saved errors’
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Source: Gretl output
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Figure A14. Regression II1

Model 14: Pooled OLS, using 124 observations

Included 2@ cross-sectional units

Time-series length: minimum 3, maximum 10

Dependent variable: 1_GVAmillioneuro

Robust (HAC) standard errors

Omitted due to exact collinearity: dt_15

coefficient std. error t-ratio p-value

const -3.19426 0.987806 =3.234 0.0044  xokk
1_Lhoursinthousa~ 0.837897 0.0747641 11.21 8.14e-10 *kx
1_GFCFmilioneuro 0.165531 0.0386955 4.278 0.0004  sokx
1_hHavgeL 0.496775 0.0924055 5.376  3.46e-05 xokx
1_FDIoperationsi~ 0.0776975 0.0303177 2.563 ©0.01990 =k
1_FDIneighbor_1 0.0360310 ©0.0198782 1.813 0.0857
DIndustry_2 1.51603 0.133305 11.37 6.38e-10 sk
DIndustry_3 1.19118 0.114467 10.41 2.76e-09 sk
DIndustry_4 0.561863 0.136936 4.103 0.0006  kx
DIndustry_5 1.70538 0.147419 11.57 4.80e-10 sk
DIndustry_6 1.64338 0.195196 8.419 7.79e-08 xokk
DIndustry_7 3.31287 0.262109 12.64 1.07e-10 sokk
DIndustry_8 0.823227 0.152812 5.387 3.37e-05 xokk
DIndustry_9 1.07548 0.161855 6.645 2.35e-06 xokk
DIndustry_10 0.669210 0.181386 3.689 0.0016  wokk
DRegion_2 0.0144429 0.123738 0.1167 ©.9083
dt_3 -0.0645170 ©0.0797691 -0.8088 0.4286
dt_4 0.0711310 0.130109 0.5467 ©.5909
dt_5 -0.205207 0.100285 -2.046 0.0548 x
dt_6 0.103947 0.0935305 1.111 ©.2803
dt_7 -0.113874 0.0739666 -1.540 ©0.1402
dt_8 0.0673240 0.0872729 0.7714 ©.4499
dt_9 -0.173130 0.0804239 -2.153 0.0444  xx
dt_10 0.0908908 ©0.0968875 0.9381 ©.3600
dt_11 -0.0909901 ©0.0851144 -1.069 0.2984
dt_12 0.106514 0.137734 0.7733 ©.4488
dt_13 -0.224535 0.0945687 -2.374 ©0.0283  xx
dt_14 0.122422 0.0945788 1.294 0.2110
dt_16 0.0516219 0.0963946 0.5355 ©.5985

Mean dependent var 8.460417 S.D. dependent var 1.069465

Sum squared resid 3.081602 S.E. of regression 9.180105

R-squared 9.978095 Adjusted R-squared 9.971639

F(28, 19) 60.40540 P-value(F) 1.81e-13

Log-likelihood 53.13120 Akaike criterion -48.26240

Schwarz criterion 33.52577 Hannan-Quinn -15.03812

rho 0.449732 Durbin-Watson 0.887564

Excluding the constant, p-value was highest for variable 36 (DRegion_2)

Source: Gretl output

Figure A15. Regression III — First order autocorrelation: AR(1)

Model 15: Pooled OLS, using 53 observations
Included 18 cross-sectional units
Time-series length: minimum 1, maximum 6
Dependent variable: uhat_reqIII
coefficient std. error t-ratio p-value
const 9.00185136 0.0226241 0.08183 0.9351
uhat_regIII_lagl 9.323411 0.150385 2.151 0.0363 k%
Mean dependent var 9.001380 S.D. dependent var 0.170342
Sum squared resid 1.383400 S.E. of regression 0.164698
R-squared 9.083144 Adjusted R-squared 0.065167
F(1, 51) 4.624904 P-value(F) 0.036274
Log-likelihood 21.40858 Akaike criterion -38.81716
Schwarz criterion -34.87657 Hannan-Quinn -37.30180
rho 9.228178 Durbin-Watson 1.008628

Source: Gretl output
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Figure A16. Regression IV

Model 16: Pooled OLS, using 318 observations

Included 2@ cross-sectional units

Time-series length: minimum 15, maximum 16

Dependent variable: 1_GVAmillioneuro

Robust (HAC) standard errors

Omitted due to exact collinearity: dt_16

coefficient std. error t-ratio p-value

const -2.67927 0.505600 -5.299 4.09e-05 ok
1_Lhoursinthousa~ 0.715183 0.0495105 14.45 1.07e-11 sk
1_GFCFmilioneuro 0.230738 0.0198894 11.60 4.58e-10 sk
1_hHavgeL 0.356006 0.0550680 6.465 3.39e-06 ik
1_FDIrobust 0.0542321 0.0192122 2.823 0.0109  x
1_FDIneighborrob~ -0.00328138 0.0223204 -0.1470 ©.8847
DIndustry_2 1.85795 0.162861 11.41 6.06e-10 ik
DIndustry_3 1.36547 0.0877683 15.56 2.89e-12 ¥k
DIndustry_4 1.03129 0.156289 6.599 2.58e-06 ok
DIndustry_5 1.60679 0.101285 15.86 2.05e-12 sk
DIndustry_6 2.12115 0.166639 12.73 9.51e-11 sk
DIndustry_7 3.02973 0.176479 17.17 5.01e-13 sopx
DIndustry_8 1.29598 0.182170 7.114 9.15e-07 sk
DIndustry_9 1.35179 0.102211 13.23 4.93e~11 ¥k
DIndustry_10 1.04166 9.117889 8.836 3.71e-08 ¥k
DRegion_2 0.136774 0.0480023 2.849 0.0103  kx
dt_2 0.00695919 0.0367076 0.1896 ©.8516
dt_3 0.184905 0.100094 1.847 0.0803
dt_4 0.00150702 0.0481627 0.03129 ©.9754
dt_5 0.00265429 0.0973432 0.02727 ©.9785
dt_6 0.00962651 0.0482755 0.1994 0.8441
dt_7 0.168388 0.0857888 1.963 0.0645  *
dt_8 0.0712886 0.0624050 1.142 0.2675
dt_9 0.00554302 0.109458 0.05064 ©.9601
dt_10 0.0138050 ©0.0552268 0.2500 ©.8053
dt_11 0.154299 0.0880995 1.751 0.0960  *
dt_12 0.0150665 ©.0533538 0.2824 0.7807
dt_13 -0.0207665 ©0.101385 -0.2048 ©.8399
dt_14 0.0178050 0.0404756 0.4399 ©.6650
dt_15 0.187862 0.112232 1.674 0.1105

Mean dependent var 8.281263 S.D. dependent var 1.239290

Sum squared resid 14.38631 S.E. of regression 0.223501

R-squared 9.970451 Adjusted R-squared 0.967475

F(29, 19) 103.0734 P-value(F) 1.16e-15

Log-likelihood 41.00563 Akaike criterion -22.01126

Schwarz criterion 90.85028 Hannan-Quinn 23.06635

rho 9.016148 Durbin-Watson 1.776414

Excluding the constant, p-value was highest for variable 41 (dt_5)

Source: Gretl output

Figure A17. Regression IV — First order autocorrelation: AR(1)

Model 17: Pooled OLS, using 296 observations
Included 20 cross-sectional units
Time-series length: minimum 13, maximum 15
Dependent variable: uhat_regIV
coefficient std. error t-ratio p-value
const 9.40473e-05 0.0118100 0.007963 0.9937
uhat_regIV_lagl 9.0160561 0.0545986 0.2941 0.7689
Mean dependent var 9.000073 S.D. dependent var 0.202869
Sum squared resid 12.13738 S.E. of regression 0.203184
R-squared 9.000294 Adjusted R-squared -0.003106
F(1, 294) 0.086480 P-value(F) 0.768908
Log-likelihood 52.71645 Akaike criterion -101.4329
Schwarz criterion -94.,05217 Hannan-Quinn -098.47780
rho -0.005730 Durbin-Watson 1.935419

Source: Gretl output
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Figure A18. Regression II — Tests

Test for omission of variables -
Null hypothesis: parameters are zero for the variables
DRegion_2
Test statistic: F(1, 19) = 3.65568
with p-value = P(F(1, 19) > 3.65568) = 0.0710781

Test for omission of variables -

Null hypothesis: parameters are zero for the variables
dt_2
dt_3
dt_4
dt_5
dt_6
dt_7
dt_8
dt_9
dt_10
dt_11
dt_12
dt_13
dt_14
dt_15

Test statistic: F(14, 19) = 2.62565

with p-value = P(F(14, 19) > 2.62565) = 0.0259396

White's test for heteroskedasticity -
Null hypothesis: heteroskedasticity not present
Test statistic: LM = 26.9649
with p-value = P(Chi-square(34) > 26.9649) = 0.798944

Distribution free Wald test for heteroskedasticity -
Null hypothesis: the units have a common error variance
Asymptotic test statistic: Chi-square(20) = 70.411
with p-value = 1.56042e-07

Pesaran CD test for cross-sectional dependence -
Null hypothesis: No cross-sectional dependence
Asymptotic test statistic: z = -1.57449
with p-value = 0.115374

Source: Gretl output

Figure A19. Regression II — F Test

Residual variance: 2.52127/(138 - 49) = 0.0283289

Joint significance of differing group means:
F(19, 89) = 1.29286 with p-value ©.208529

is adequate, in favor of the fixed effects alternative.)

(A low p-value counts against the null hypothesis that the pooled OLS model

Source: Gretl output

Figure A20. Regression II — Confidence ellipse

90% confidence ellipse and 90% marginal intervals
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Source: Gretl output
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Figure A20. Regression IV — Tests

Test for omission of variables -
Null hypothesis: parameters are zero for the variables
DRegion_2
Test statistic: F(1, 19) = 8.11861
with p-value = P(F(1, 19) > 8.11861) = 0.0102576

Test for omission of variables -

Null hypothesis: parameters are zero for the variables
dt_2
dt_3
dt_4
dt_5
dt_6
dt_7
dt_8
dt_9
dt_10
dt_11
dt_12
dt_13
dt_14
dt_15

Test statistic: F(14, 19) = 5.23101

with p-value = P(F(14, 19) > 5.23101) = 0.000563615

White's test for heteroskedasticity -
Null hypothesis: heteroskedasticity not present
Test statistic: LM = 50.1328
with p-value = P(Chi-square(34) > 50.1328) = 0.0367337

Distribution free Wald test for heteroskedasticity -
Null hypothesis: the units have a common error variance
Asymptotic test statistic: Chi-square(20) = 497.683
with p-value = 8.89021e-93

Pesaran CD test for cross-sectional dependence -
Null hypothesis: No cross-sectional dependence
Asymptotic test statistic: z = -2.37291
with p-value = 0.0176487

Source: Gretl output

Figure A21. Regression IV — F Test

Residual variance: 13.108/(318 - 49) = 0.0487285

Joint significance of differing group means:

F(19, 269) = 1.38076 with p-value ©.135499

(A low p-value counts against the null hypothesis that the pooled OLS model
is adequate, in favor of the fixed effects alternative.)

Omitting group means regression: insufficient degrees of freedom

Source: Gretl output

Figure A20. Regression IV — Confidence ellipse

95% confidence ellipse and 95% marginal intervals
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