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Abstract

We examine the relevance of carbon pricing for transition policy. It argues that carbon pricing should
be a key element of a broader transition policy as it triggers multiple processes that critically matter to
a low-carbon transition. Since carbon pricing has been criticized by various researchers in transition
studies, their concerns and arguments are evaluated here. The paper further draw attention to the
international dimension of a transition to a low-carbon economy, given that climate policy is a global
public good and thus amenable to free riding by countries. In addition, it clarifies the need for a policy
instrument that avoids counter-productive systemic effects, such as carbon leakage and energy rebound.
It is explained that carbon pricing performs relatively well in both respects. In addition, the role of
carbon pricing as part of a wider policy package is examined, accounting for positive and negative
synergies between instruments. The paper ends with proposing that transition studies pay closer
attention to carbon pricing, providing various recommendations for research.

Keywords: carbon tax, carbon market, transition studies, innovation policy, climate policy, energy
policy, policy mix.



1. Introduction

There is currently considerably interest in energy transitions, interpreted as major changes in the way of
producing, transporting and utilizing energy, aimed at contributing to an environmentally sustainable
and socially equitable economy. Many scientific disciplines contribute insights about policies and
institutions needed to foster such transitions, based on theoretical arguments and empirical lessons
drawn from ongoing transitions. These insights tend to reflect distinct assumptions and methodological
traditions, resulting in considerable disagreement about both the ideal policy package and the core
instrument required to enforce major changes in energy-relevant behaviors, practices, organizations and
technologies. We focus here on decarbonization, notably low-carbon behaviors and technologies, while
connecting with the broader literature on sustainability transitions, notably its suggestions for policy
design. Our concern is that this literature ignores, or at best downplays, carbon pricing. Instead, we
forcefully argue in favor of giving this instrument a key role in transition policy, without denying an
important complementary role for other instruments. Assessing the latter requires — as we will argue —
a careful assessment of the positive and negative synergies of instrument combinations, to which we
also devote attention. We evaluate studies that arrive at a negative judgment of carbon pricing to counter
the neglect of, and aversion against, carbon pricing that still exists in many social sciences, and which
has spilled over to sustainability-transition studies. In addition, we will give attention to the many
advantages of the instrument, including overlooked ones such as its unique transparency offering an
exclusive opportunity for international or even global harmonization of national climate policies. We
will not hide that, like any effective instrument of climate policy, carbon pricing faces serious
challenges, but suggest ways to overcome these.

Before we enter into arguments pro and contra carbon pricing, however, it is important to note
that many policy-makers have already embraced it. One can even say it is on the rise. Almost 80
jurisdictions in the world have implemented, or are planning to implement, a carbon tax or a cap-and-
trade scheme (World Bank, 2020; Haites, 2018). Taken together, they cover some 20% of global
greenhouse gas emissions, while about 20 schemes already price emissions above US$20/tCO2. Internal
carbon pricing by private companies and institutions is growing as well (Gillingham et al., 2017; CDP,
2017). In 2018, a carbon pricing proposal was even put on the table of U.S. legislators in the form of the
Energy Innovation and Carbon Dividend Act, which enjoyed some bipartisan support across the aisle
(HR7173, 2018). Early January 2019, a group of 3,554 economists, including 27 Nobel laureates, 4
former chairs of the US Federal Reserve, and 15 former chairs of the US Council of Economic Advisers,
expressed strong support for carbon pricing and dividends (ESOCD, 2019). Importantly, even prominent
conservatives advocate for it (Baker Il et al., 2017).

In a recent article with many co-authors (van den Bergh et al., 2020), we argued that
international, post-Paris climate negotiations should capitalize on the recent expansion of carbon pricing
to harmonize and strengthen national climate policies. Without harmonization, one cannot expect
countries to implement sufficiently stringent and effective policies, as witnessed by the current situation
in which actual emission reductions and pledges for the Paris Agreement are grossly insufficient
(Roelfsema et al., 2020). As the Paris Agreement did not harmonize policies, but instead focused on
voluntary and ad hoc national emission targets, countries in effect are faced by the challenge of
unilaterally implementing climate policies. This invites for free riding, which explains the extreme
variety in country pledges (i.e. Nationally Determined Contributions — NDCs). These can be broadly
categorised in four types (King and van den Bergh, 2019).! This is likely to translate into huge
differences in the stringency of policies among countries, which in turn is likely to generate considerable
carbon leakage (King and van den Bergh, 2021). The Paris Agreement did not opt for any joint policy
approach, which at the time was the easy way out, i.e. politically expedient, given strong resistance from
several main emitters (USA, Russia, China, Austrialia) along with others (fossil-fuel suppliers like Saudi
Arabia) to seriously participate in the agreement. We claim in our study (van den Bergh et al., 2020)
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that initiatives outside the agreement, notably through a coalition or club of likeminded countries
worldwide in terms of climate policy ambition, are urgently needed to overcome this extreme weakness
of the Paris Agreement. This seems to be the only option to avoid an impasse characterized by
insufficient global emissions reduction from which it is near impossible to escape. To overcome this
impasse, we proposed a two-track, five-phase transition approach. This involves the UNFCCC climate
negotiations being supplemented by an expanding coalition or club of national and possibly sub-national
jurisdictions, implementing a uniform or gradually converging carbon price. Formation of a carbon-
pricing coalition would enable the coalition to speak with a single, powerful voice at UN climate
conferences. In addition, the coalition would put economic and moral pressure on non-members to join
the coalition and adopt a constructive attitude in UN negotiations. A stick and carrot consisting of carbon
border tax adjustments on imports and access to redistribution of tax revenues would incentivize joining
the coalition. Such a growing coalition of ambitious countries would serve as the next stage of the Paris
Agreement, necessary to overcome its fundamental flaws.

The focus on carbon pricing in achieving global policy harmonization for the purpose of a
feasible path to strengthen national policies is not only logical as carbon prices can be easily compared
and harmonized among countries. They will also moderate freeriding and fear of competitiveness losses.
Additional advantages are that a global price can be gradually strengthened over time, that it limits
national energy and carbon rebound and international carbon leakage, that it automatically generates
revenues to compensate low-income households and countries, and that it enables reaching emission
reduction objectives at low if not the lowest societal costs.? The point that other instruments lack such
advantages is insufficiently recognized. For a more complete summary of unique advantages of carbon
pricing, see Baranzini et al. (2017).

Incidentally, the effectiveness of carbon pricing is often questioned by critics (Rosenbloom et
al. 2020a; Markard and Rosenbloom, 2020), but is clearly shown to be robust by rigorous empirical
studies. Sen and Vollebergh (2018) estimate the long-run effect of a broad-based carbon tax on energy
consumption for OECD countries. They find that one € increase in energy taxes is associated with a
reduction of carbon emissions from fossil fuel consumption by 0.73 percent in the long run. A recent
study by Best et al. (2020) uses data for 142 countries over a period of two decades, 43 of which had a
carbon price in place at the national or sub-national level by the end of the study period. The authors
find that the average annual growth rate of CO; emissions from fuel combustion has been around 2
percentage points lower in countries with a carbon price. In addition, they estimate that an additional €
per tonne of CO; in carbon price is associated with a reduction in the subsequent annual emissions
growth rate of approximately 0.3 percentage points. These results are for rather weak carbon prices.
Imagine what can be achieved with high carbon prices as proposed by economists and expert panels
(HLCCP, 2017; IMF, 2019; van den Bergh and Botzen, 2014), such as above 100€ according to these
studies, one might expect emissions reduction on the order of 30-70 percent.* Under such a scenario,
investments, technologies, firm routines, consumer habits and social influence will all be directed
towards low-carbon options, making a full shift to a low-carbon economy realistic. Additional policy
instruments, such as information provision, physical and social nudges and innovation support can
overcome any remaining gaps.

In view of the foregoing, there can be no doubt about the effectiveness of carbon pricing. As a
result, it should play a key role in a wider policy package if we want to stand a chance to solve climate
change effectively and with minimal economic and social costs. Policy makers have realized this for a
while — witness the many carbon prices implemented in countries and subnational states worldwide,
with the EU-ETS already harmonizing carbon pricing in 30 countries (Appunn, 2021). In spite of all
this, the importance of the instrument does not seem to be embraced by many transition researchers.
Here we offer a self-contained discussion of relevant issues related to carbon pricing and wider policy
for a low-carbon transition, motivated by a number of recent developments and discussion in both policy
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domains. We argue that more integration of insights about carbon pricing is needed to arrive at effective
transition policy, and clarify that many critics show insufficient understanding of the intricacies of
carbon pricing. In addition, we argue that the complementarity and synergy of distinct policy
instruments, including carbon pricing, deserves a more rigorous and systemic analysis. We will end by
providing a set of concrete suggestions for integrating carbon pricing in ongoing research within the
field of sustainability-transition studies.

2. Scepticism about carbon pricing

Despite broad-spectrum support by most economists, many climate policy studies by social scientists
ignore the unmatched effectiveness of reducing emissions through carbon pricing (Kallbekken et al.
2011; Sorrell, 2015; van den Bergh, 2008; IMF, 2000). This could be called ‘carbon pricing denial’.
Instead, they tend to suggest some form of bottom-up solution through voluntary and local action
(Seddon and Ramanathan, 2013), or a rigid scheme of person carbon limits intended to promote global
equity (Fawcett, 2010). As the latter would limit consumption by affluent households, regardless of
income potential, it would face considerable political resistance, casting doubt on its political feasibility.

To illustrate, note that many travel organisations, flight companies and environmental NGOs
recommend that air travellers offset their flight emissions voluntarily. However, evidence for countries
with relatively environmentally-conscious citizens, such as in Sweden, shows that the relative amount
of air traffic emissions offset remains negligible, and what is offset usually involves an unrealistically
low implicit cost of carbon emissions (Gossling et al., 2009). On the other hand, air travellers are willing
to pay more if they know that others pay as well, namely through a tax imposed on flight emissions
(Brouwer et al., 2008). This illustrates a general problem: voluntary action happens as long as it is not
too expensive, but even then remains rare. It suggests we should not put our hopes on voluntary action
to solve climate change, but on policies that equally incentivize everyone to reduce carbon emissions.
Moreover, voluntary action, or energy sufficiency, tends to result in considerable rebound which reduces
its already small impact. In this context, Sorrell et al. (2020) find that sufficiency hardly affects
aggregate energy use. One might think of bans and quotas on consumers (e.g. limits to flight frequency
or kilometres) as a good alternative option, but these are overly costly in terms of foregone welfare,
while there is no reason for optimism about their politically feasibility. An intermediate incentive
solution, like carbon pricing, restricts firms and travellers while leaving them freedom on how exactly
to reduce their emissions. This contributes to minimizing welfare costs, which together with leaving
basic freedoms intact, contributes to political feasibility in a democracy — indeed, people will not easily
vote for bans that interfere with their personal consumption.

If we consider other instruments, such as information provision or nudges, one can see broad
support and little opposition, arguably because people consider their personal and administrative costs
to be limited, as they leave people complete freedom regarding consumption and pollution, and as they
affect everyone equally (Drews and van den Bergh, 2016). However, this is matched by a low
effectiveness in terms of emissions reduction, namely on the order of 5-10% of prevailing emissions,
according to various meta-analyses and reviews (Delmas et al. 2013; Andor and Fels, 2018; Wynes et
al., 2018). Fortunately, such instruments can serve a complementary role by creating positive synergy
with pricing or standards. One cannot count on this, though, as empirical and experimental studies offer
mixed evidence on synergy — which can be as well absent or negative, for example, in case nudges
backfire (Drews et al., 2020).

Although it is not uncommon to hear condescending remarks about carbon pricing in meetings
and personal communications, few have written them down in an argumentative way. An exception is
Ball (2018a) who seems to think that carbon pricing is about regulating industries. But this represents a
clear misinterpretation of the literature on, and proposals about, carbon pricing. It is about a systemic
change, a fundamental correction of all prices in the economy, by charging all fossil fuels for carbon
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content. This will seep through all prices of intermediate goods, capital goods, and final goods and
services, affecting choices by all types of agents in the economy — consumers, producers, investors and
innovators. In another article, the author criticizes implemented carbon prices for being low and not
covering all emissions (Ball, 2018b). We agree, but this is no reason to set aside carbon pricing as an
instrument. That many implementations have not followed the textbook advice is a reason to improve,
not to give up. Moreover, the author should then be equally critical of other instruments which are also
imperfect, weak and ad hoc in terms of implementation, explaining why climate policies worldwide
have not achieved serious emissions reduction. The absence of significant climate-change mitigation
efforts is more a reflection of a strong political resistance against stringent climate policy actions in
general, instead of being a problem specific to carbon pricing. One needs also to take into account that
lobbying is easier for ad hoc climate policies, focused on one sector, such as through negotiated
technology-specific standards for which many exceptions and alternative technological specifications
are possible, than for economy-wide policies such as a single carbon price. The only way so far we have
been successful in integrating and harmonizing national policies has been through carbon pricing,
notably carbon markets — with the EU as a prime example.

A widespread idea among social scientists is that ecolabels, supported by lifecycle analysis, will
allow consumers to voluntarily reduce their carbon footprint (Baldo et al., 2009). However, limited
human capacities of information processing and altruism means this approach cannot be counted on to
achieve considerable emissions reduction (Waechter et al., 2015). In achieving local, bottom-up climate
solutions, cities are also frequently mentioned (Watts, 2017). Not denying their potential contribution,
one must realize that cities only exert direct control over a small portion of total emissions generated by
industry, electricity production and consumption, and transport, while their control over emissions
caused by agricultural production and land use change (deforestation) is largely absent (Satterthwaite,
2008). Moreover, the implementation of uncoordinated policies at the city level may generate carbon
leakage. Complementing city strategies with carbon pricing will reduce their detrimental systemic
effects, which will improve their effectiveness (van den Bergh, 2020). These lessons about the
effectiveness of carbon pricing are also relevant for a vibrant branch of social science research which
examined local, often urban scale, experimental initiatives for sustainability transitions (Bernstein and
Hoffmann, 2018; Fuenfschilling et al., 2018; Grandin et al., 2018). However, these initiatives have been
criticized for often being temporary (Grandin and Sareen, 2020), non-binding (Biermann et al., 2017),
and challenging to diffuse and up-scale (Naber et al., 2017). Carbon pricing could overcome these
shortcomings by acting as a long-term incentive for sustaining, diffusing and upscaling of niche
experiments that have proven locally successful in reducing carbon emissions.

Subsidies for research and deployment of new technologies, such as electric vehicles?, are often
assumed to contribute to reducing emissions. However, without carbon pricing we cannot ensure that
the full life cycle of new innovations will actually use less carbon (Popp, 2006). For instance, the
production cycles of batteries for electric vehicles or solar PV panels might be unnecessarily intensive
in carbon dioxide emissions, often relying on cheap coal power for manufacture, delaying a low-carbon
transition. More generally, production of cleaner technologies generates emissions in an economy that
is still running mainly on fossil fuel energy. To limit the carbon-intensity of such production, subsidies
fall short — we need to penalise the dirty next to rewarding the clean if we aim for a quick low-carbon
transition. One can see this by considering the following Kaya identity (Kaya and Yokoburi, 1997): CO,
emissions = carbon intensity of energy (COz/energy) x energy intensity of economy (energy/GDP) x
income level (GDP/population) x population. Subsidizing renewables will only affect the first factor,
i.e. the carbon intensity of energy, while a carbon price will simultaneously influence the first and second
factors, i.e. also the energy intensity of economy. Subsidizing R&D of clean technologies can still be
desirable for various reasons: capturing positive externalities of knowledge spill-overs, keeping



trajectories of promising but still expensive options open, and accelerating learning curves. But subsidies
should be complemented with carbon pricing as otherwise emissions reduction will go far too slow.

In a very contentious article, Spash (2010) offers a very radical and ideological critique. He
argues that claims by economists about the cost-effectiveness of carbon emission trading are not
substantiated based on arguments that focus on uncertain marginal emission abatement costs, lobbying
affecting the design of emission markets, and markets crowding out voluntary actions. Uncertain
abatement costs are generally seen as a reason for favouring carbon taxes as a carbon pricing instrument
over emission trading (as the latter can lead to high costs for firms), but not as a reason for preferring
regulatory instruments over carbon pricing (Weitzman, 1974). Moreover, arguments by Spash that
oppose emission trading because of lobbying are not convincing. We agree that lobbying can result in
suboptimal emission control, but lobbying is likely to be worse with alternative climate policy
instruments that are more sector-tailored as well as more costly for firms than carbon pricing. No
convincing empirical evidence is given by Spash showing that carbon markets have a net effect of
crowding out voluntary carbon reductions. A meaningful crowding out effect would contradict the
aforementioned empirical evidence of emission reductions achieved because of carbon prices.
Moreover, this argument does not recognize the limited potential of voluntary action in reducing
emissions in the first place. Spash argues that direct regulations of emissions are much easier to
implement. This reasoning neglects that almost all consumption and production decisions in reality
involve carbon emissions, and regulating all involved technologies would be a huge, if not impossible
task. Spash concludes that emission markets distract from the need to change human behaviour,
institutions and infrastructure, but he does not detail the policies that should be put in place to trigger
such a change. Carbon pricing which alters all relative prices of goods and services in the economy
based on their carbon content is the only instrument that is able to have a widespread simultaneous
influence on decisions by consumers, producers and investors in an economic system. Such widespread
control is a good basis for setting in motion the required changes to move towards a low-carbon
economy.

3. Responding to criticism of carbon pricing from a sustainability-transitions perspective

Recently, Rosenbloom et al. (2020a), wrote a critical article on carbon pricing® in relation to transition
policy in which they downplay the role of carbon pricing in mitigating climate change and transitioning
to a low-carbon economy. Despite the sympathetic title of their contribution, the authors say nothing
positive about carbon pricing, instead emphasizing five supposed shortcomings. As this is the first and
only published criticism, it is worthwhile to devote some attention to it here. This elaborates several
points only touched upon in a necessarily brief response by van den Bergh and Botzen (2020), defending
carbon pricing as having an essential and irreplaceable role in a wider policy package aimed at fostering
a low-carbon economy. Moreover, in our argument we react to Rosenbloom et al. (2020b) which to a
large degree repeats Rosenbloom et (2020a), but in addition raises some new arguments as a response
to van den Bergh and Botzen (2020). Our hope is to contribute to a more nuanced, theoretically informed
and evidence-based perspective on carbon pricing.

3.1 Market failure versus system problem

According to Rosenbloom et al. (2020a), framing climate change as a market failure fails to seriously
appreciate its scope and depth. They suggest that it is better understood as a “system problem”.
Unfortunately, they never enter into any details, and hence overlook that ‘market failures’ is a broad
category that includes, among others, negative externalities of carbon emissions, positive externalities
of innovation and knowledge generation, the public-bad nature of climate change, and the public-good
nature of international policy coordination and agreement-formation. All of these are systemic issues
central to the economic theory underlying carbon pricing (Perman et al., 2011). This underpins what
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economists well recognize as the systemic global nature of the climate-change externality that originates
from consumption, production, and investment decisions in a large diversity of markets around the world
(Stern, 2007; Aldy et al., 2010; Cramton et al., 2017). Hence, its complexity is not downplayed by
framing it as market failure, as Rosenbloom et al. (2020a) argue.

Carbon pricing is moreover a systemic policy that matches well a systemic problem like climate
change. Indeed, carbon emissions are generated by all kinds of productive, consumptive, investment,
and transport activities. Moreover, who causes carbon emissions or where this occurs does not matter
for the global warming effect. This feature strongly supports charging a uniform price on emissions.

An advantage of carbon pricing is that one can implement it in relatively few sectors, namely
exploration and imports of fossil fuels, which then affects all other prices of goods, services,
intermediate products, materials and electricity to signal societal costs of direct and indirect emissions
over their respective product lifecycles. No other instrument is capable of achieving such consistent and
precise system-wide control. It would shift choices by consumers, producers, investors and innovators
in all sectors to low-carbon inputs, outputs and processes. This means it reaches everyone and every
decision in the economy, without discrimination.

We agree with Rosenbloom (2020a) that lock-in of high-carbon technologies and practices is a
serious system challenge. There are distinct types of lock-in, such as related to demand or supply sides,
and to networks or complementary technologies or infrastructures. Incidentally, network lock-in is often
conceptualized as an externality. Each lock-in type requires a particular policy, as recognized in both
economics and innovation studies (Seto et al., 2016). A historical absence of high carbon prices has
contributed to this lock-in by unintentionally steering investments towards high-carbon production and
consumption, which in contrast to arguments in Rosenbloom et al. (2020a,b) suggests that carbon pricing
should be part of a policy mix to un-lock these investments.

We disagree with the argument by Rosenbloom (2020b) that infrastructure, technological
capacity, and routinized consumption practices are difficult to change with carbon pricing. One should
realize that a sufficiently high carbon price could in principle unlock any high-carbon technology or
practice. In fact, behavioural changes triggered throughout the economy by a carbon price can amplify
through social interactions such as conformism, imitation and status-seeking (Konc et al., 2020),
creating increasing returns that counteract the increasing returns underlying the existing lock-in of high-
carbon options. By combining carbon pricing and un-locking policies, such as innovation support and
information provision, one can escape lock-in using lower carbon prices. However, it is improbable that
these alternative policies alone, i.e. without price signals, can achieve the large-scale reallocation of
investments needed to escape lock-in of high-carbon infrastructure and technologies and achieve the
“socio-technical” transition Rosenbloom (2020b) aim for.

3.2 Efficiency versus effectiveness

Rosenbloom et al. (2020a) suggest that carbon pricing means that efficiency is an overriding priority of
climate policy. It is good to realize that a policy can only be cost-effective or efficient if it is effective
in the first place, meaning that efficiency and effectiveness are not necessarily a trade-off as Rosenbloom
et al. (2020a) argue. An ineffective policy will always be overly expensive, as it does not achieve much
for a given effort. Probably, economic writings have not stressed this sufficiently and we should better
clarify that carbon pricing is also among, if not the most effective instrument — on its own and especially
if well combined with other instruments.

The effectiveness of carbon pricing is due to the fact that no decision in the economy escapes it
influence, as already clarified in Section 3.1. It will steer both purchase and use decisions, and affect
strategies by investors and innovators. It will work like an instrument that fills all the holes where carbon
emissions could escape. A very important reason why carbon pricing is so effective, in comparison with
other instruments, is that it can control energy and carbon rebound (Baranzini et al., 2017). This involves
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direct rebound due to more intense use of energy-efficient technologies, by pricing energy
proportionally to carbon content. Regarding the challenge of avoiding indirect rebound, carbon pricing
has the unique advantage of discouraging money savings due to energy conservation being spent on
high-carbon goods and services. The reason is that it makes these goods and services relatively
expensive compared with low-carbon alternatives. Regulatory measures, like emission standards
proposed by Rosenbloom et al. (2020a) do not limit rebound effects, unless all production technologies
and consumption goods that contribute to carbon emissions are regulated. This would require a huge set
of standards — which likely will be inconsistent in terms of implicit carbon prices, hence resulting in
much higher costs for society for the same emissions reduction. This said, it seems Rosenbloom et al.
(2020a) do not value efficiency much. Inefficient policies contribute, however, to less emissions
reduction than is feasible with carbon pricing. To limit rebound these regulations would also require
continuous updating over time to account for any changes in technologies and consumer preferences,
which is practically impossible.

This said, it is our impression that efficiency and cost-effectiveness are regarded as fairly
unimportant criteria by Rosenbloom et al. (2020a). This is unfortunate, as it ignores that efficiency
translates to higher employment and household income (Rengs et al., 2020), more emissions reduction
for the same money, a higher government budget for distributional compensation, and — as a result —
also more public support, while inefficient policies imply the opposite, in turn hampering stable political
support. Efficiency is important in all times, but especially in the coming decade when rapid cuts in
carbon emissions are needed and at the same time government policies will be focused on limiting
impacts from the economic recession that is predicted to follow the COVID-19 pandemic (IMF, 2020).

3.3 Optimizing versus transforming

Rosenbloom et al. (2020a) suggest that carbon pricing cannot transform systems. Their statement is void
of any proof. This is not surprising: if all purchase and use decisions by consumers and firms, investors
and innovators in all production sectors are affected by a serious carbon price, transformation is likely
to come about. Additional instruments — notably to support innovation and escape of lock-in, will help.
In this respect we do not disagree with Rosenbloom et al. (2020b) that technology-specific deployment
policies and green industrial policies have contributed to low-carbon solutions such as photovoltaics,
wind energy, and electric vehicles. However, the historical absence of high carbon prices has implied
that these innovations in low-carbon solutions, and their uptake, have been too slow for solving the
climate problem. The systemic nature of carbon pricing provides more certainty that demand, supply,
adoption and innovation decisions are altered in concert, which seems to offer a pretty good starting
point for a major transition.

Rosenbloom et al. (2020a,b) further overlook the critical role of carbon pricing in realizing low-
carbon innovations. In fact, carbon pricing contributes to steering low-carbon innovations of all kinds.
Such innovation patterns will not unfold as quickly as is possible and neither in the right direction unless
one implements uniform and serious carbon pricing. The reason is that many private innovators and
investors are driven by expectations about prices as these co-determine future profit opportunities. In
view of this, carbon pricing would help steer the direction of innovations towards energy-efficient and
low-carbon production lifecycles (Aghion et al., 2016; Calel and Dechezleprétre, 2016). Also the older
evidence on energy prices clearly affecting the direction and speed of energy innovations is highly
relevant given the close association between energy use and carbon emissions as well as energy and
carbon prices (e.g., Popp, 2002). For a recent evaluation of the broader literature on this topic of low-
carbon innovation see van den Bergh and Savin (2021).

The opinion that a carbon price only affects incremental innovations is debatable. Model studies
indicate that a sufficiently high carbon price is able to enforce large changes in the economy (Jorgenson
etal., 2009; Rengs et al., 2020). Carbon prices have the effect that low-cost solutions for reducing carbon
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are taken first as Rosenbloom et al. (2020a) rightly argue, and many would see as an attractive feature
instead of a disadvantage. However, the authors fail to recognize that more expensive transformations
become attractive when sufficiently high carbon prices are implemented. Anyway, most radical changes,
if analyzed well, turn out to be composed of many incremental changes that happened in a relatively
short period of time, or take the form of combining pre-selected technological modules. Nothing
prohibits carbon pricing from triggering either type of innovation (van den Bergh, 2013a).

In addition, both economics and innovation studies recognize that it is important to support
promising but still expensive technologies. This may be done through R&D subsidies to account for
knowledge spill-over effects, which avoids foreclosing technological trajectories too early by a high
carbon price (Jaffe et al., 2005).

Unlike other instruments, carbon pricing would be able to highlight carbon differences between
the more and less ‘clean’ technologies: e.g., solar PV panels produced with different processes or
electricity using distinct energy sources. It is difficult to know which products or technologies are more
low-carbon over their lifecycle as production processes are complex and roundabout, involving many
intermediate deliveries between firms and sectors. Through a cumulative carbon price signal, the high-
carbon options would be effectively discouraged, which would be very challenging, if not impossible,
to accomplish with regulatory instruments only (Liu and van den Bergh, 2020).

Finally, Rosenbloom et al. (2020a) suggest that we need policies that discourage carbon-
intensive technologies and policies that encourage low-carbon innovations, suggesting that the latter are
innovation policies and the first so-called “decline policies” (note that here the authors surprisingly
suggest an entirely new and unclear term, the difference of which with traditional “regulatory policy”
remains unclear), without assigning a concrete and specific role to carbon pricing. Moreover, this focus
on technologies overlooks the link with demand. More importantly, the authors overlook that carbon
pricing has both effects: it reduces use of high-carbon technologies and goods/services, and it promotes
the use of low-carbon ones. Again, we agree support of low-carbon technologies is warranted under
certain conditions, mainly through investment in public R&D, subsidizing cleverly relevant private
R&D (when it clearly falls short), and (with moderation) subsidizing adoption of low-carbon
technologies by firms and consumers. However, pricing the high-carbon options is generally better as it
equally closes the gap between prices of low-carbon and high-carbon alternatives, but in a correct way,
namely by punishing the polluter and not rewarding the adopter. Subsidies easily lead to expansion of
energy use rather than substitution of high- by low-carbon options as they lower the cost of energy
production and use.

3.4 Universal versus context sensitive policy

Rosenbloom et al. (2020a) prefer a context-sensitive over a universal approach. Two comments are
relevant here. First, while not denying that attention for specific sector context can be relevant, such as
agriculture policies that stimulate sustainable food production, sector-specific policies or strategies run
the risk of being inconsistent and overly costly. This will translate in leakage among sectors, and in high
costs and possibly unemployment, respectively. The costly nature of this approach is due to sector-
specific policies not guaranteeing that the cheapest emission-reduction options in the economy are
selected. Instead, arbitrary goals (considered fair somehow) are set for sectors, which will result in
distinct marginal and average costs of emissions reduction between them.

Second, approaches tend to be ad hoc, costly and susceptible to lobbying, while causing inter-
sectoral carbon leakage. Moreover, climate policy is bound to remain weak whenever implemented in a
unilateral manner, that is, without coordination between jurisdictions, from cities through provinces to
countries. The Paris Agreement was focused on voluntary pledges rather than coordinated policies. We
need policy harmonization to overcome freeriding and concerns about competition and exports by
national governments. Carbon pricing is our single hope to achieve policy harmonization. Its universal
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approach of putting a monetary price on CO, makes it relatively easy to harmonize, as shown by the
various carbon markets around the world that cover multiple countries or provinces/states (World Bank
Group, 2020). Also, carbon taxation has been convincingly argued to satisfy these advantages
(Weitzman, 2014). Other instruments are less easily harmonized: for instance, technical standards for
millions of products and technologies are difficult to coordinate, while countries with high stakes in
certain industries will resist associated standards (e.g., countries with an important car industry will fight
ambitious fuel-efficiency standards). Harmonization will not only allow for a gradual increase in the
stringency of national policies, but also discourage carbon leakage. This means that emissions move
from countries with strong to ones with weak climate policies, due to shifts in international trade and
relocation of emitting firms. It is surprising that Rosenbloom et al. (2020a) highlight that carbon leakage
is a problematic aspect of non-uniform carbon pricing, but fail to recognize that this policy coordination
problem is likely to be worse with alternative regulatory policies. This also applies to other related
arguments, like the absence of high levels of regulatory competences and monitoring systems in some
countries, which would hamper implementing any type of climate policy. More generally, despite
Rosenbloom et al. (2020a)’s first criticism (Section 3.1 above), the previous discussion suggests that the
field of sustainability transitions lacks a genuine systemic approach that accounts for shifts and leakages
between sectors, regions and countries.

It is good to add that especially fossil-fuel supplying countries will not come on board easily,
and so far, have resisted a good climate deal. Hence, the way forward is not a full participatory
agreement immediately, as Rosenbloom (2020b) interpreted our argument in van den Bergh and Botzen
(2020) by saying our assumptions require all countries implement a unified carbon pricing framework.
Instead, we propose a climate coalition or club of ambitious countries with a uniform carbon price and
border carbon tariffs, which can put economic and moral pressure on non-members to join, leading to
club expansion over time (Nordhaus, 2015; Victor, 2015). This is elaborated, extended and generalized
for a carbon tax and carbon market (cap-and-trade or emissions trading) in van den Bergh et al. (2020).

3.5 Palitical realities

Regarding political realities, Rosenbloom et al. (2020a) suggest that carbon pricing faces a lot of
resistance. Several other authors express the same view (Cullenward and Victor, 2020). Three
considerations nuance this. First, all serious climate policies meet strong political resistance. In line with
this, voters and politicians are attracted to less effective strategies and policies, such as information
provision to trigger voluntary action or subsidies for solar PV and electric vehicles. Second, Rosenbloom
et al. (2020a,b) do not provide any evidence that policy instruments other than carbon pricing, with
similar effectiveness, can count on more political support. This is not surprising since even if other
policy instruments would be as effective, they will be more limiting, costly and economically harmful,
which is unlikely to appeal to lobbyists and voters (Baranzini et al., 2017). Third, carbon pricing is in
fact already quite popular among policy instruments. Almost 60 jurisdictions have implemented some
form of it (Haites, 2018). The 27 countries of the European Union (along with additional countries) even
have a joint carbon emissions trading system (ETS)® which had a price between 50 and 60 €/ton CO
for most of 2021 and reach a value above 80 in 2022. Of course, the prices of current carbon taxes and
ETS are still low due to climate policy lacking ambitions and being still unilateral in nature. An
exception is the EU-ETS due to harmonizing carbon prices among 30 countries. That is exactly why we
need more integration and harmonization worldwide. A carbon price has a clear advantage over other
instruments in this respect (van den Bergh et al., 2020).

3.6 Other issues
Itis not true, as Rosenbloom et al. (2020a) suggest, that carbon pricing is only supported by neoclassical
economics and rational-agent assumptions. Many different types of empirical studies provide evidence
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for its capacity and effectiveness to enforce major changes that translate in significant emissions
reduction (see references in Narassimhan et al., 2017). In addition, various agent-based models that
allow for heterogeneous boundedly-rational and socially-sensitive behavior have studied carbon pricing,
notably carbon markets, and provide further support for its effectiveness (Castro et al, 2020). However,
regarding the effectiveness of transition policies, the jury is still out, as evidence here is thin, conceptual
and anecdotal. This suggests a need for modesty in policy advice as well as application of research
methods that provide stronger evidence.

So far, most applications of renewable energy do not replace fossil fuels but just add to growing
energy demand. As long as we subsidize renewables but fail to implement a serious carbon price, this
demand will continue to grow, and fossil/renewable substitution will remain disappointing. So, we need
not just a carrot for low-carbon options, but also a stick for high-carbon ones.

Finally, many of the examples by Rosenbloom et al. (2020a) refer to changes in production or
household sectors (e.g., “restoring peatlands”, “mobility-as-a-service”, ‘“biobased materials™) without
clarifying how these are triggered by concrete policies. The same critique applies to the “green industrial
policy” Rosenbloom et al. (2020b) call for. Such an approach falls short of arguing that carbon pricing
is insufficient. Instead of talking about policy consequences, as Rosenbloom et al. (2020a) do, they
would do better to directly compare the alternative policy instruments or mixes and their performance.

4. Positive synergy of carbon pricing and other instruments in the policy mix

Rosenbloom et al. (2020a) never clarify if and how carbon pricing can complement other instruments
in a broader transition policy. Neither we nor most economists claim that carbon pricing should be the
only instrument of climate policy or low-carbon transition policy. However, there is a tendency in
transition studies to prefer many policy instruments, not always with a very solid analysis of synergies
underpinning it (Kivimaa and Kern, 2016; Rogge and Reichardt, 2016; Howlett et al., 2017; Rogge et
al., 2017). These studies often, ironically, ignore or give little weight to pricing. The same preference
for many policy instruments can be seen in policy practice. To illustrate, the German government
recently agreed on a climate policy package covering dozens of sectoral measures (Edenhofer et al.,
2019).

Reasons for and against using multiple instruments are multifold. Important arguments in favour
are (Lehmann, 2012; van den Bergh, 2013b): accomplishing multiple criteria, such as effectiveness,
efficiency and equity; complementariness or even positive synergy in terms of the set goal (e.g.,
emissions reduction); or addressing distinct market failures such as negative environmental and positive
innovation externalities (Jaffe et al., 2005). In more abstract terms, a policy mix often reflects a second-
best (non-optimal) response to a first-best (theoretically optimal) single instrument not being feasible —
due to political constraints or imperfect monitoring and hence compliance with policy (Bennear and
Stavins, 2007). A policy mix can also result from political compromises between stakeholders with
distinct policy preferences, or from a political strategy to camouflage insufficiency of core policy.
Indeed, complex transition policy mixes run a serious risk that they focus on soft policies and lack
destabilising policies. This is, in fact, a finding of various policy assessments, including for Finland and
the UK (Kivimaa and Kern, 2016).

Arguments to limit the number of instruments in a policy mix include (van den Bergh et al.,
2021): instruments overlap or create negative synergies; the risk of introducing potentially multiple
distortions into the economy; each policy instrument generates a cost for the government in terms of
human resources, transaction costs of political and policy processes until implementation, costs of
monitoring and control, and sometimes serious budgetary sacrifices such as with subsidies. In the
context of a global challenge, like climate policy, an additional concern is that policy stringency is
comparable among regions and countries, which is not trivial (Schmidt and Sewerin, 2019) and which,
in turn, may limit international policy harmonization (Howlett et al., 2017).
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A variety of disciplines offer insights on reasons for, and composition of, policy mixes:
economics, psychology, policy sciences, innovation studies and more recently transition studies (Jaffe
et al., 2005; Bulkeley and Kern, 2006; Howlett and Rayner, 2007; Rogge and Reichardt, 2016; Rogge
et al., 2017; Mundaca et al., 2019). However, they do not agree and tend to emphasize distinct criteria
and motivations.

According to a recent survey of policy mixes by van den Bergh et al. (2021), the clearest
evidence for positive synergy is based on theoretical-modelling and experimental studies. The reason is
that these, unlike empirical studies, allow clearly separating between effects caused by each particular
instrument. The literature suggests that combining a carbon tax with other regulatory instruments, such
as sector-level targets or technical standards, has an advantage over doing this with carbon markets. The
latter weaken a good functioning (i.e. a high price) and thus the effectiveness of such markets and may
give rise to carbon leakage between sectors (Fankhauser et al., 2010). To understand this, note that
(through other regulatory instruments) particular sectors reduce more than they would do with a carbon
market only, and thus demand fewer permits, causing the permit price to drop, in turn allowing other
sectors to pollute more. Likewise, combining carbon markets with stringent renewable-energy targets
or guota can generate carbon leakage. Adoption subsidies are generally better combined with a carbon
tax than market as they negatively affect the carbon price, hence reduce the effectiveness of the market.
With carbon taxes this problem does not appear as the carbon price is exogenous. Two other important
instrument types, namely innovation support and information provision, tend to be complementary to
other instruments. Apart from what was said about information provision in Section 2, certain types of
information provision can create positive synergy by reinforcing the effectiveness of regulation by prices
through social network functioning, raising the social multiplier of carbon pricing (Konc et al., 2020).
Innovation support, such as with R&D subsidies, can counter the short-term selection pressure against
promising but still immature and thus expensive technologies created by regulatory instruments like
standards, targets or carbon pricing, while also serving to enhance or speed up escape from lock-in of
high-carbon technologies or practices. Other subtle issues of innovation support are well recognized in
transition studies (Rosenbloom et al., 2020a).

A climate policy package that combines a carbon tax, adoption subsidies, innovation support
and information provision scores well on the criteria of effectiveness, efficiency and potential for
international harmonization, and also on equity if revenues are recycled inversely proportional with
income. Another relevant policy mix is a carbon market with innovation support and information
provision. This is possibly a better approach in the long run as international harmonization is easier
given that this mix is simpler in structure: namely, it omits adoption subsidies since these interfere with
the intended functioning of the carbon market. The great advantage is, then, that it in turn allows policy
to be strengthened more easily over time.

Regarding the specific role of other instruments in this policy mix, information provision can
garner understanding of, and support for, carbon pricing. Behavioural nudges can address informational
failures and bounded rationality, for example, by presenting a low-carbon product as the default option
for consumers (Ebeling and Lotz, 2015). So far, the discussion implicitly focuses on energy-related CO;
or other greenhouse gas (COz-equivalent) emissions. In addition, non-price regulatory instruments are
needed to control certain non-energy greenhouse gas emissions as from land conversion, deforestation
and landfills. Innovation policies are required as well, to ensure further development of promising low-
carbon technologies which are still too expensive to compete in markets. The main justification of public
sector support is well-known, namely that R&D has positive externalities and knowledge spill-overs.
But it cannot address negative environmental externalities — for this externality (i.e. carbon) pricing is
the most effective climate policy. As a corollary, subsidies for technological innovation and adoption
cannot stand alone.
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Whereas carbon pricing was in the past often criticized for being inequitable, there is now wide
agreement that it should be complemented by equitable revenue recycling, for both ethical reasons and
political feasibility (Klenert et al., 2018). In fact, no other instrument allows for such automatic revenue
compensation: technical standards, performance targets and quota impose costs on economic agents and
have distributional effects but do not generate revenues, while subsidies use up revenues. Moreover,
adoption subsidies for renewable energy and electric vehicle are rather inequitable as they tend to fall
on relatively well-off households. The revenue-generating capacity of carbon pricing is increasingly
relevant now that many governments around the world see their already high debt burdens rise rapidly.
Moreover, pressures on employment and incomes strengthen the need to compensate households and
companies for costs from additional climate policy measures. The equity issue has seen more conceptual
and empirical elaboration for carbon pricing than for other instruments (Klenert et al., 2018; Maestre-
Andrés et al., 2019). This is somewhat surprising given the expressed concern for equity by many social
and policy scientists who seem more charmed about other instruments than carbon pricing.

Ironically, many writings on transition policy are not consistent with the basic idea of a gradual,
multi-phase transition covering the stages of pre-development, take-off, acceleration and stabilization
(Rotmans et al., 2001). The ambitious, complex policy mixes suggested are approached more from a
static design perspective than from a dynamic and multi-phase transition angle. Instead, the literature
on carbon pricing spends a great deal of attention on dynamics, adaptation and strengthening of prices
of time (or tightening caps in emission trading systems), and even improving feasibility through a
transition path. Regarding the latter, van den Bergh et al. (2020) propose a dual-track, five-phase
transition approach to progressively harmonize and strengthen national climate-mitigation policies.

5. Conclusions and research suggestions

Sustainability-transition studies tend to ignore carbon pricing altogether (Savin and van den Bergh,
2021). As we hope to have shown, this is unwarranted. Carbon pricing has unmatched advantages,
including consistent regulation of direct and indirect emissions (covering also adoption and use
behaviour), limiting rebound and life-cycle effects, selecting for low-cost abatement options, generating
revenues for compensating energy-poverty and other inequity effects, contributing to transparency and
comparability between policies in distinct jurisdictions, and facilitating international harmonization as
witnessed by the EU-ETS (i.e. it harmonizes carbon prices in 30 countries). This clearly indicates that
carbon pricing has a unique and powerful capacity to effectively reduce emissions with minimal
economic harm — in terms of costs, macroeconomic effects like employment, and income or purchase
equity. The implication is that the function of carbon pricing cannot be taken over by any other
instrument — something that is insufficiently valued in transitions research. Soft instruments like
information provision or networking, aimed at encouraging voluntary action, or fostering community
initiatives, will only create significant effects where alternative sustainable options for behaviour and
technology are not burdensome or expensive, but will fall short in achieving deep decarbonization. In
addition, large-scale bans and quotas on energy use not only will severely harm production and welfare
but are politically infeasible in a democracy. Carbon pricing represents an intermediate solution that
restricts firms and consumers in a gentle but effective way through clear price incentives, leaving them
sufficient freedom to decide on how to reduce their emissions. In addition, carbon pricing of fossil fuels
will seep through the economy to affect all prices of intermediate and final goods and services, and
hence all decisions by consumers, producers, investors and service providers — and hence nothing will
escape its influence which also means that social and economic harm will be maximally spread rather
than concentrate in a few sectors or social groups.

Summarizing our assessment of the studies that are negative about carbon pricing (where we
have not tried to be exhaustive since many studies/authors repeat the same arguments), a first
observation is that most of these are qualitative in nature, instead of based on methods like modelling
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and statistical data analysis which arguably provide more definite and thorough insights. In addition,
critics tend to offer unbalanced accounts where positive aspects of carbon pricing are ignored or
downplayed, and shortcomings are exaggerated. They also often overlook that certain shortcomings —
notably political resistance, inequity effects, or barriers to strengthening policy over time — apply equally
or more strongly to other instruments. Reading into these studies we get a strong feeling that authors
arrive at their conclusions based on an incomplete assessment of instruments and criteria, rather than by
comparing systematically pros and cons of all instruments. Worse even, we find that some critics of
carbon pricing show a superficial or erroneous knowledge of it. This all evidently contributes to
unfounded and unfair resistance against carbon pricing, in turn hampering rather than promoting high-
quality debate about how to solve climate change. We hope with this chapter to have clarified many
issues surrounding carbon pricing and its connection with sustainability transitions and transition policy,
as well as to have provided an entry into the broader and rich theoretical and empirical literature on
carbon pricing.

All these considerations do not deny that we need a climate-policy package. Van den Bergh et
al. (2021) examine how this can be best achieved, by employing positive and avoiding negative
synergies between instruments. Innovation support on its own will not change consumer and firm
behaviour quickly and sufficiently; technical standards or adoption subsidies for energy efficiency alone
may, due to a focus on purchase decisions, lead to much energy and carbon rebound, which can only be
limited by carbon pricing as it controls the use phase; and information provision alone will according to
meta-analyses and surveys reduce energy use and emissions at most with 5-10% (Delmas et al. 2013;
Andor and Fels, 2018; Wynes et al., 2018). Therefore, carbon pricing should be a key element of energy-
transition policy. The reason is that the fundamental transformation needed is unlikely to be achieved
through niche experimentation in the absence of carbon pricing. So-called “new business models for
new technologies”, which Rosenbloom et al. (2020a) mention, without detailing how they should be
achieved, are unlikely to scale up towards a large scale transition to a low carbon economy without
serious financial incentives that make these business models and low-carbon technologies economically
attractive for investors and clients.

The above remarks do not deny the creative ideas one can find about policy in the literature on
transitions thinking. It is surprising, though, that it has not undertaken a serious effort to integrate
important and broadly supported insights from more established policy sciences such as environmental
economics. This presents a challenge for future research. Based on the previous information, one can
identify various research suggestions for transitions studies:

- We should give attention to a transition of policies themselves, i.e. how to achieve a more stringent
and effective policy mix over time. Some ideas are provided in van den Bergh et al. (2020), about
how to do this for carbon pricing in a multistage and dual-track stetting, with interactions between
an expanding climate club and international (UNFCCC) climate negotiations. This could receive
attention from different perspectives, using particular transition theories, such as innovations
systems, multi-level perspective, strategic niche management, complex systems and evolutionary
systems (Nill and Kemp, 2009; Rotmans and Loorbach, 2009; Jacobsson and Bergek, 2011; Geels,
2011; Safarzynska et al., 2012).

- Regarding the mix of policies, a widely accepted division into four main modes of urban climate
governance is (Bulkeley and Kern, 2006): (a) self-governance of urban public sector activities; (b)
provision of public services, such as public transport; (c) enabling emissions reduction by firms and
households, such as through information or adoption subsidies; and (d) regulation of firms and
households, such as through zoning, standards or carbon pricing. Transition policy could be clarified
along these lines, and one could test if there is sufficient balance between the four modes at different
points over the transition path. This should take into account the lessons from the literature as
sketched in Section 4.
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- A systemic approach to assess effectiveness of transition policy is missing yet. It was recently
proposed to decompose effectiveness of emissions reduction into reach, ability and stringency (van
den Bergh, 2020). Assessment of the effectiveness of transition policy could build on this
decomposition approach, and possibly extend it with dynamic elements to capture the role of
essential environmental technological innovations and slow societal transition processes.

- One could connect specific instruments in the transition policy mix to the different levels of action,
systemic processes and governance, such as specified in the multi-level perspective (MLP)
framework (niche, regime and landscape), economics (micro, meso and macro), or other fields
(local, regional and global). Here the role of carbon pricing should be clarified — e.g., would it be
relevant to multiple levels or not?

- A challenge of local niche experimentation with mitigation projects is that scalability is limited but
essential to effectively reduce greenhouse gas emissions sufficiently across the economy and space.
Future studies should give serious attention to whether and how carbon pricing can provide adequate
financial incentives for the upscaling of niche projects.

- Finally, more attention is needed for the feasibility and international harmonization of effective
transition policy, to assure that it is comparable between regions and countries so that it can be
consistent in terms of regulatory strength. If this is not achieved, it is very likely that transition
policies will remain too weak to solve climate change.
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