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ABSTRACT KEYWORDS
The Paris Agreement’s very ambitious mitigation goals, notably to ‘pursue efforts’ to Carbon pricing; distributional
limit warming to 1.5°C, imply that climate policy will remain a national affair for effects; policy interactions/
some time. One key obstacle to very ambitious national mitigation is that some integration; public spending;
policy makers perceive this to be in competition with major goals of fiscal policy, gzgtgig:t mitigation; tax/
such as public investment or debt reduction. However, climate policy may actually
contribute to these other objectives. Importantly, many fiscal implications of JEL CLASSIFICATION
substantial carbon prices, which are essential for stringent mitigation targets such B41; H21; H23; H54; H60; Q54
as the 1.5°C goal, have long been neglected by economic analyses of climate
change mitigation.
We systematically review recent contributions on interactions between climate
policy and public finance, which include many topics beyond the classic "double
dividend’ of environmental tax swaps. We can thus identify new conclusions about
climate policy designs that may overcome fiscal objections and research gaps. We
find that national climate policy often aligns with other objectives, provided that
climate policies and fiscal policies are integrated well. A first class of interactions
concerns public revenue-raising: carbon pricing can replace distortionary taxes and
alleviate international tax competition; climate policy also changes asset values,
which impacts the base of non-climate taxes and boosts productive investment.
Second, they concern public spending, which needs to be restructured as a part of
climate policy, while carbon pricing revenues may be recycled for public
investment. Third, distributional impacts of climate policies include changes to
household expenditures, to asset values and to employment; balancing them often
requires fiscal policies.
Our findings underline that jointly considering climate policy and fiscal policy can
help to make substantial mitigation politically feasible.

Key policy insights

o Climate policy, even under a very ambitious 1.5°C target, may substantially
contribute to fiscal objectives, interact with fiscal policies, and lower mitigation
costs.

o Mutual effects concern taxation, aggregate investment, public budgets,
infrastructure and fiscal instruments with distributional effects.

o Better integrating climate policies and fiscal policies increases efficiency and
supports political feasibility of very ambitious mitigation.

o This requires a common understanding of policy makers and academics on the
most relevant interactions, based on more exchange and empirical research.
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1. Introduction

In the 2015 Paris Agreement, nation states agreed to not only limit temperature increase to ‘well below’ 2°C
above pre-industrial levels, but to ‘pursue efforts’ to limit warming to 1.5°C (Paris Agreement, Article 2.1(a)).
To meet these stringent collective mitigation goals, the Paris Agreement relies on voluntary, non-binding
‘nationally determined contributions’, so nation states will decide independently about the ambition and
implementation of their climate targets for the foreseeable future. However, at the national level, mitigation pol-
icies are often seen as being in competition with other major goals of fiscal policy, while potential beneficial
interactions between these policy areas are neglected. This is a significant problem, given that strong mitigation
policy action is indispensable, if the international community is to keep open the possibility of meeting the 1.5°C
goal.

For example, imagine a policy maker who recognizes that a necessary condition for a fast and large-scale
decarbonization of her country’s economy is a stiff price on carbon. However, she associates high carbon
prices with adverse effects on jobs, competitiveness and growth. At the same time, other economic
policy questions occupy her, such as how to fix the country’s broken infrastructure. To adequately deal
with these perceived trade-offs, she requires a better understanding of the interactions between carbon
pricing and other fiscal policy objectives and needs to know which of them can be beneficial. This is the
case as high carbon prices also raise sizable public revenues that affect the broader tax system and have
implications for public spending and distributional considerations. Despite their political relevance,
climate change economics has long neglected most of these interactions and focused on inefficiencies
directly related to mitigation. Vice versa, public finance typically ignores constraints and opportunities of
future decarbonization.

In this article, we systematically review recent contributions on interactions between climate change miti-
gation and public finance. These new contributions treat a much broader set of topics than the previous lit-
erature, while being far from exhaustive in their analysis to date. This permits us to derive some new
conclusions about how climate policy must be designed to align with fiscal policy objectives, and to identify
research gaps. We specifically focus on links between the climate externality and fiscal objectives that are not
related to mitigation. Interactions can be grouped under the topics of public revenue-raising, public spending
and distribution. For each topic, we start by identifying mutual effects on climate objectives and fiscal objec-
tives when climate policies and fiscal policies are designed independently; then, we collect insights on how
policies can be adjusted to maximize beneficial interactions, minimize costs and avoid obstacles to
implementation; finally, we identify implications for very stringent mitigation policies and urgent research
questions. Furthermore, we discuss potential obstacles to a better integration of climate policies and fiscal
policies.

We find, first, that there are interactions of substantial magnitude if mitigation is ambitious. Some effects of
climate policy are likely to directly contribute to fiscal objectives and welfare, for example when carbon pricing
improves investment signals and raises public funds. In other cases, if climate policies and fiscal policies are
designed separately, the effectiveness of climate policy may be severely reduced, for example when the
stock of public infrastructure is not adjusted accordingly. Second, such problems can often be avoided by inte-
grating climate policies and fiscal policies, and positive contributions of climate policy to other objectives can be
considerably strengthened. Third, this much-needed further integration hinges on obtaining a common under-
standing on which interactions are the most relevant by policy makers and academics of both fields. This
requires an active exchange and more empirical research.

Specifically, the first group of interactions that we identify concerns public revenue-raising: carbon pricing
impacts national tax systems and international tax competition. This is important because the revenues
raised even for a 2°C target may already amount to 14% of total tax revenue in the US (see Section 2.1).
Further, climate policy affects future revenues from certain capital goods, land and natural resources and
thus the values of these assets, which in turn influences the base of non-climate taxes and redirects investments,
for example from fossil resource stocks towards capital.

Second, interactions concern public spending, which needs to be restructured as a part of climate policy,
while carbon pricing revenues may be recycled for productive public investment.
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Third, carbon pricing affects the distribution of resources across groups in a society via changes to household
expenditures on food, energy, transport and housing, to asset values and to employment; this may have to be
balanced by other fiscal policies.

The body of literature on climate—fiscal interactions is relatively small (with one exception): Climate change
economics mostly focuses on directly mitigation-related sectors, inefficiencies and policies. Public economics on
the other hand has considered environmental tax swaps (i.e. substituting environmental for existing taxes) in
great detail, but largely neglects other interactions.

More precisely, in climate change economics, studies of optimal mitigation targets and pathways commonly
use ‘integrated assessment models’ (Weyant et al., 1996) with high detail regarding physical climate change and
technologies in emission-relevant sectors (Clarke et al., 2014; Luderer et al., 2012; Nordhaus & Boyer, 2000). In
contrast, other welfare-relevant aspects of the socio-economic system, such as infrastructure and health
issues not directly related to climate damages, or the distribution of income and wealth, are often modelled
crudely or not at all (exceptions include Thompson, Rausch, Saari, & Selin (2014) and Rausch, Metcalf, Reilly,
& Paltsev (2010, Rausch, Metcalf, & Reilly 2011)).

Specific climate policy instruments, such as carbon pricing, emission standards or R&D support for low-
carbon technology, are commonly analysed together with another non-climate inefficiency. However, the
latter is usually directly related to emission-relevant sectors, such as imperfect coverage of carbon pricing
schemes, or market failures in the energy sector linked to innovation or imperfect competition (Fischer &
Newell, 2008; Gillingham, Newell, & Palmer, 2009; Kalkuhl, Edenhofer, & Lessmann, 2011; Mattauch, Creuzig,
& Edenhofer, 2015; Sorrell & Sijm, 2003). There is one prominent exception with a fiscal non-climate externality,
namely ‘double dividends’ of environmental tax swaps when no non-distortionary instruments are available for
public revenue raising (Goulder, 2013, see Section 2.1).

Previous reviews of the fiscal dimensions of climate policy (de Mooij, Keen, & Parry, 2012; Jones, Keen, &
Strand, 2013; Poterba, 1993) cover these topics, in particular the double dividend, and the potential of
climate policy to finance public spending on mitigation and adaptation (including international transfers). We
take the next step by reviewing recent research that extends the idea of the double dividend to other combi-
nations of climate policies with fiscal inefficiencies in Section 2. Section 3 discusses obstacles to policy inte-
gration. Section 4 concludes.

2. The fiscal benefits of stringent climate change mitigation

The literature on beneficial interactions between mitigation policies and other public policy objectives and
instruments can be structured as follows: Section 2.1 focuses on the revenue side of the public budget.
Section 2.2 discusses the spending side. Section 2.3 considers distributional impacts of climate policy, including
the redistributive recycling of carbon pricing revenues by various fiscal instruments.

2.1. Carbon pricing, rents and public revenues

Climate policies may directly create revenues, for instance through carbon pricing, or by changing the bases of
other taxes such as capital, labour or land taxes. These fiscal interactions matter since policies in line with ambi-
tious mitigation targets are expected to create relatively large revenues: A naive back-of-the-envelope calcu-
lation shows that a carbon price consistent with the 2°C target may raise revenues amounting to 5% of total
tax revenues in the EU, 14% in the US and 11% in Japan.! Achieving a 1.5°C target requires approximately dou-
bling the carbon price compared to a 2°C target (Rogelj et al., 2015), which increases the relevance of carbon
taxation for fiscal policy strongly (see below).?

In this section, we begin by reviewing potential interactions when policies are designed independently. The
aim of this first step is to establish a common understanding of the interactions between carbon pricing and
other fiscal policy objectives. The interactions identified in the literature consist of the reactions of private econ-
omic agents to climate policies and fiscal policies that a national government implements and that are not
aligned. Then, we consider adjustments identified by the literature so far that may yield benefits by increasing
efficiency and help to overcome obstacles to climate policy implementation. In other words, we begin with the
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case that finance and environmental ministers do not talk to each other, and then move to suggestions how the
two could cooperate. Finally, we summarize the implications for very stringent climate policy, such as that
implied by the Paris Agreement’s 1.5°C temperature goal, and the most important research gaps.

2.1.1. Effects when environmental and finance ministers do not coordinate their policies

Carbon pricing is generally motivated by its short-term effect on the marginal costs of emissions, and by its long-
term effect on investment into low-carbon technologies (Section 2.2). However, climate policy also affects other
investments — notably into fossil resources, general producible capital and land - with implications for macro-
economic variables and public revenues:

How investors choose between assets such as producible capital stocks, land and stocks of non-renewable
resources strongly depends on their respective expected returns. Policies that decrease the returns of one asset
induce agents to shift investment towards other assets. We expect climate policy to induce such portfolio effects
in the following two instances.

First, if carbon pricing reduces the rents from fossil resource stocks, investment may shift towards producible
capital. This ‘macroeconomic portfolio effect’ constitutes a fiscal benefit of carbon pricing: It is an interaction that
enhances welfare beyond its environmental benefits if capital was otherwise underaccumulated (Siegmeier,
Mattauch, & Edenhofer (in press), building on Feldstein (1977) and Edenhofer, Mattauch, & Siegmeier
(2015)).> The basic argument holds independent of uncertainties about the costs of exploration, extraction
and substitute technologies, or the size of fossil reserves. In practice, the strength of the effect will mainly
depend on implementation details of the carbon price (fully auctioned emission permits may collect more
rents than a variable carbon tax), on the amount of fossil assets that are covered, and on their importance in
investors’ portfolios (Siegmeier et al. (in press); Battiston, Mandel, Monasterolo, Schutze, & Visentin (2017) esti-
mate that private portfolios in the EU and the US consist of 4-7% fossil fuels, 1-3% utilities and 21-28% energy-
intensive industries, depending on investor type).

Second, very stringent climate policy will affect rents from urban and non-urban land. In contrast to fossil
resource stocks, climate policy does not generally collect any additional land rents. However, it may increase
the potential revenues from land taxes since very stringent climate policy is likely to increase the scarcity of
land and hence also land prices and land rents.

For non-urban land, land-based mitigation efforts such as the large-scale deployment of bioenergy (Creutzig,
Ravindranath, et al., 2015), carbon capture and storage (CCS) or changes in land management practices (Clarke
et al,, 2014; Hertel, 2011) may increase the level and change the distribution of land rents, which could distort
aggregate capital accumulation and lead to reduced growth.? For urban land, climate policy is likely to increase
the overall value of land rents: most cities aiming for carbon-neutrality would have to become denser in many
areas to support low-carbon modes of transport (Sims et al., 2014; Seto et al., 2014) and each unit of land within
the city boundaries would become more valuable, with distributional effects depending on the specific instru-
ments used (Bento, Franco, & Kaffine, 2006).

2.1.2. Beneficial policy adjustments

The case of urban land is a good example of how public policy should be adjusted in the presence of ambitious
mitigation efforts. It becomes clear that in cities, climate policy should be accompanied by land-based taxes in
order to skim off newly created rents. This is especially relevant if climate policy leads to an inefficient overin-
vestment in land together with an underinvestment in capital.

A further potential synergy between environmental and fiscal policy was identified already by Tullock (1967),
who anticipated the debate about ‘double dividends’ of environmental tax swaps (see Pearce (1991) for an early
application to climate policy). A double dividend is typically understood to occur if a new or increased environ-
mental tax also reduces economic distortions induced by the tax system, because its revenues are used to cut
other distortionary taxes. This is preferable to lump-sum redistribution of the revenues (Goulder, 1995).
However, Bovenberg and De Mooij (1994) highlight an important caveat: the beneficial reduction of the pre-
existing distortionary taxes (‘revenue recycling effect’) might be offset by a reduction of real wages since
environmental taxes increase product prices (‘tax interaction effect’). Thus, the welfare costs of the tax swap
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without the environmental effect may still be negative (see for example Bovenberg & van der Ploeg (1994), Parry
(1995) or Goulder (2013) for more details).

However, a double dividend becomes more likely if certain simplifying assumptions made in that debate are
relaxed, and if instead one assumes that:

(@) the tax system before introduction of environmental policy was inefficient (Bento & Jacobsen, 2007;
Goulder, 2013; Koskela & Schéb, 2002),

(b) environmental quality affects labour supply or the consumption of “defensive’ goods (FitzRoy, 1996;
Schwartz & Repetto, 2000),

(c) pollution affects macroeconomic production instead of affecting only households’ utility (Barrage, 2014;
Bovenberg & de Mooij, 1997; Franks, Edenhofer, & Lessmann, 2015).

The ‘classic’ double-dividend debate mainly considered swaps between ideally implemented taxes in closed
economies. More recently, two further cases have been pointed out, in which carbon pricing can replace other,
more conventional fiscal policy, to increase overall efficiency of the tax system.

First, Markandya, Gonzalez-Eguino, and Escapa (2013) show that if there is evasion of conventional taxes and
a shadow economy, a carbon price makes the tax system more efficient when its revenues are used to reduce
labour taxes. Also, Liu (2013) finds that for an environmental tax reform that cuts emissions by 10%, the
reductions of tax evasion may lower the overall welfare costs by 28% in the US, 89% in China and 97% in
India. This effect may thus be a particularly relevant climate-fiscal interaction for many economies in transition
and developing countries if carbon pricing can be more effectively enforced than a labour tax (see also
Kuralbayeva, 2017).

Second, the analysis of international settings with factor mobility has revealed new potential for a double
dividend.> Consider transboundary pollution such as greenhouse gases and assume that capital is mobile.
Can decentralized decision making in setting both capital and carbon taxes be optimal? Eichner and Runkel
(2012) find the intuitive result that there is inefficient underprovision of the public good of mitigation due to
tax competition and a race-to-the-bottom in capital taxes.® However, when governments use carbon pricing
to appropriate resource rents (because a carbon price acts like a tax on rents) and then invest these revenues
in infrastructure, they may reduce the fiscal externality of tax competition (Franks et al., 2015). Thus, even if a
national government does not take environmental damages into account, it has an incentive to tax carbon
instead of capital.” The superiority of carbon taxes over capital taxes found by Franks et al. (2015) is due to
three underlying effects. First, national carbon taxes are less prone to cause capital flight. This is because
capital taxation directly affects the interest rate, and - due to a certain degree of substitutability — carbon
taxes affect the interest rate only indirectly. Second, there is a fundamental asymmetry in tax bases. While
fossil resources are associated with rents, capital is not. Hence carbon taxes have the advantage of appropriating
resource rents. Third, the two previous effects reduce the costs of public funds, thus increasing the optimal level
of public revenues (see also Section 2.2). Assuming that public spending on infrastructure increases productivity
(Romp & De Haan, 2007), substituting carbon taxes for taxes on capital may counteract the harmful race-to-the-
bottom caused by capital mobility.

2.1.3. Implications for very stringent climate policy

All of the above-discussed interactions matter for sound policy making under stringent mitigation targets as
called for by the Paris Agreement. Moving from a stringent — ‘well below’ 2°C - to a very stringent — 1.5°C -
target leads to three changes: First, potential revenues from climate policies will increase significantly. As
Luderer et al. (2013) show, the potential revenue from carbon taxation over the twenty-first century is at
least three times higher in a 1.5°C scenario compared to a 2°C scenario. Second, the case for choosing
carbon pricing instruments over technology standards is strengthened: For more ambitious mitigation, the
implicit subsidy associated with a technology standard reduces the incentive to abate emissions by reducing
output compared to reducing emissions per unit of output (Goulder, Hafstead, Williams, & Roberton, 2016).
Third, the importance of land for reducing emissions via bioenergy and carbon capture and storage (BECCS)
increases non-linearly (Luderer et al, 2013), although this mitigation option inevitably means greater
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competition for land with agricultural production and biodiversity conservation. The value of land rents would
thus increase drastically if technological progress in the respective sectors does not compensate for the
increased scarcity. More research is needed to understand the socio-economic implications of such a dramatic
increase (Creutzig, Ravindranath, et al,, 2015), to identify feasible policies for countering urban land rent changes
induced by climate policies related to transport and buildings, and to assess the magnitude of the macroeco-
nomic portfolio effect as well as the related implications of stranded assets for the financial sector (Battiston
et al., 2017).

2.2. The role of public spending for mitigation

Despite the prominent role of carbon pricing in climate policy, there are also important interactions between
climate policy and public spending that have recently gained attention. These potentially beneficial interactions
concern, first, the total level of public spending and second, its composition. For each of these two issues, we
again first assess situations in which climate policies and spending policies are designed independently (without
specific adjustments to contribute to each other’s goals). We then turn to reasons for integrating them, and
again close with a summary of policy implications and research gaps.

2.2.1. The level of public spending
In contrast to the previous section, we now consider policy reforms that are explicitly not revenue-neutral. We
first consider optimal adjustments to public spending, and then cases in which public spending is restricted and
carbon pricing may offer a remedy.

Even without any particular changes to the general rules and practices of public spending, when a consistent
climate policy is introduced, an optimal reaction would be to adjust to a new (probably higher) spending level,
for two reasons:

First, if the tax system is inefficient, carbon pricing may lower the costs of raising a given total amount of
public funds, as discussed in the previous section. Double-dividend studies that analyse swaps between
carbon pricing and taxes without imposing revenue neutrality include this effect.® Second, the benefit that can
be achieved by a given amount of public spending is likely to be higher when a stringent climate change miti-
gation target is adopted (see also the discussion of appropriate ‘welfare baselines’ in Section 3). The reason is
that in some high-emission sectors, a transition to low-carbon technologies and demand patterns requires
specific public spending. One example are positive externalities of generating knowledge that may cause sub-
optimal private spending on mitigation-relevant R&D for renewable energy sources (Fischer & Newell, 2008) or
energy efficiency (Gillingham & Palmer, 2014), so that public spending on research grants or subsidies for R&D
activities may be required.'® Other examples include adjustments to public infrastructure capital stocks in
energy and transport that are required for mitigation (see below), public spending on adaptation to climate
change, and potentially on compensations for distributional effects of climate change and mitigation policies
(Section 2.3).

Together, this implies that an increase in the total level of public spending is generally welfare-enhancing. The
increase in public spending in this new optimum may of course also include spending options that are unrelated
to climate change, depending on the marginal benefit of each option. When these contribute to other public
sector goals such as employment (Fankhauser, Sehlleier, & Stern, 2008) and economic growth (Popp &
Newell, 2012), this may increase the political attractiveness of comprehensive climate policy packages. This,
however, rests on the assumption that such a beneficial expansion of the public budget is possible and politi-
cally preferable to a budget-neutral reform.

In contrast, if the total public spending level is restricted to a suboptimally low level, an explicit integration of
public spending policies and climate policies is beneficial and attractive when carbon pricing revenues can
partly alleviate that restriction. In practice, the public budget is not always optimally sized, and it may not be
straightforward to increase it even when the marginal costs of public funds fall. Specifically, there is evidence
that public capital levels are often too low, in particular in the long run and for core infrastructure in transport
and public utilities (Bom & Ligthart, 2014; Calderén, Moral-Benito, & Servén, 2015). Depending on the inefficien-
cies behind this, additional revenues from climate policy may offer some remedy.""
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Several reasons might explain the inadequacy of public capital levels: One reason is that the current allo-
cation of public funds may not maximize net benefits, for example due to “earmarking’ of revenues from
earlier tax reforms (Wagner, 1991). It is unclear if this would also apply to additional revenues from very stringent
climate policy, or if these could be allocated optimally at least initially.'?

Moreover, suppose that too high discounting leads to too little long-term investment. In this case, stringent
climate policy could hardly alleviate the budget constraint — it would only be feasible if current generations
could benefit from future avoided damages in some way (e.g. via increasing asset prices, see Section 3) and
would more likely be revenue-neutral, or at least not based on long-term strategies.

Finally, there may be a lack of fiscal tools for financing long-term projects with high upfront costs, e.g. political
limits on public debt such as a maximum ratio of total or new debt to gross domestic product. Then, additional
revenues from climate policy may indeed offer more flexibility for long-term investments. A conservative pol-
itical limit on public debt may coincide with political opposition to raising some general tax only to increase
spending, but doing so with revenues from a carbon tax may be slightly easier because it is additionally justifi-
able on environmental grounds.

A related option is to use climate policy revenues for reducing public debt. However, a general negative
effect of public debt on the economy is controversial empirically (Herndon, Ash, & Pollin, 2013; Woo &
Kumar, 2015) and to our knowledge not clearly supported by theory. The literature on public debt and
climate policy (Carbone, Morgenstern, & Williams I, 2012; Ramseur, Leggett, & Sherlock, 2012; Rausch, 2013)
also does not give a new argument of why debt would be inefficient. Instead, the additional inefficiency
related to public debt is a governmental failure to optimally pay off the debt. This simply combines two
effects: debt reduction by carbon pricing can be less costly than by other taxes, and revenue from climate
policy can help governments to optimize the intertemporal distribution of debt repayment which affects inter-
generational distribution (Section 3).

In sum, if suboptimal public spending is due to earmarking or high discounting, it is unclear if climate policy
revenues offer a solution. Improvement potentials are likely to exist if low long-term public investment is due to
restricted access to financing instruments.

2.2.2. The composition of infrastructure provision

Some mitigation-relevant sectors such as electricity and transport are highly dependent on public infrastructure.
For these sectors, policies that directly address and change private behaviour, such as carbon pricing or emission
standards, should be matched by adjustments to the composition of public spending. These include, most
importantly, investment shifts towards infrastructure that complements decentralized renewable electricity gen-
eration or low-carbon transport modes.'* The basic recommendation of a public investment shift may not be
surprising: it even follows from a traditional approach to infrastructure provision that focuses on satisfying
demands (such as the classic ‘predict and provide’ paradigm of transport planning (Goulden, Ryley, & Dingwall,
2014)), without mitigation as an explicit aim of public spending. However, one should not jump to the con-
clusion that this ‘division of labour’ approach to public investment — some direct measures take care of inter-
nalizing climate damages and correcting private transport demands, and infrastructure investment simply
reacts - is still appropriate in the context of stringent climate change mitigation. Specifically, it has been criti-
cized on three accounts:

First, it may obscure some relatively low-cost mitigation options. For example, large-scale transport decarbo-
nization strategies often focus on vehicle technologies, neglecting that a different infrastructure could induce
overall transport demand reductions and modal shifts (Creutzig, Jochem, et al,, 2015) and even influence pre-
ference formation itself (Mattauch, Ridgway, & Creutzig, 2016; Mattauch & Hepburn, 2016).

Second, it neglects that policies that redirect only new investments may not be enough, in particular for very
ambitious mitigation targets: existing infrastructures and the spatial patterns they support are very long-lived
and perpetuate demand patterns and the use of high-carbon technologies far into the future (Shalizi &
Lecocq, 2014). Thus, it is likely that a premature retirement of some parts of the capital stock will be necessary
(Guivarch & Hallegatte, 2011; Pfeiffer, Millar, Hepburn, & Beinhocker, 2016; Waisman, Guivarch, Grazi, & Hour-
cade, 2012).
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Third, it assumes that demands are indeed fully corrected, for example by a high carbon price. This will very
often not be the case, so that the division of labour between climate policy and infrastructure policy breaks
down. In this second-best case, the composition of infrastructure investments becomes an instrument of
climate policy itself, actively shaping private behaviour rather than only satisfying derived demands for infra-
structure (Siegmeier, 2015)."* If there is a fixed mitigation target, the supply of infrastructure complementary
to low-carbon modes of transport and energy production should be increased above the first-best case to
make up for the too-low carbon price. Vice versa, if low-carbon infrastructure supply is suboptimally low, the
carbon price should be increased above its first-best level to still achieve the mitigation target.'

In turn, if not enough infrastructure is supplied to support large-scale low-carbon transport (rails, bicycle
tracks, electric vehicle chargers, etc.) and renewable power generation (grid structure, potentially storage- or
backup capacities), even a high carbon price will be ineffective and inefficient.

2.2.3. Implications for very stringent climate policy

In sum, it may be optimal to expand overall public spending in the context of climate policy, and this is even
possible for pre-existing spending restrictions that carbon pricing can partly alleviate. The expansion is likely
to be stronger with more stringent climate policies, and to the extent that it includes non-mitigation spending,
it offers a chance to improve the political feasibility of climate policy compared to revenue-neutral reforms.
Moreover, the composition of public spending on different types of transport and energy infrastructure has
to be adjusted to match or even to add to the incentives provided by ‘direct’ mitigation instruments such as
carbon-related fuel taxes or electric vehicle subsidies. Since large-scale infrastructure adjustments tend to
take decades and even strong direct instruments may be ineffective and costly without them, active infrastruc-
ture policies that shape demand and technology patterns should be a top priority in particular in ambitious miti-
gation programmes with a tight timeline. Also, more research is urgently needed on how to deal with the
premature retirement of large and long-lived capital stocks and infrastructure which may become necessary,
and on how to harness behavioural changes for emission reductions by specific public spending.

2.3. Distribution

So far, we have considered interactions of climate policy and public finance at the aggregate level, under the
tacit assumption that households are homogeneous. Climate policy, however, also has strong distributional
effects, both on the revenue-raising and on the spending side. Apart from normative concerns, this is important
for the political feasibility of very stringent climate policy (see also Section 3). First, we summarize the most rel-
evant distributional effects of climate policy; second, we discuss what is known so far about how the recycling of
the revenues of carbon pricing influences the distribution; third, we derive policy implications on how to mini-
mize the distributional effects that may otherwise impede ambitious climate policy and summarize research
gaps. The main focus of this section lies on the distribution between different households at the same point
in time; for distributional effects between current and future generations, see Section 3.

2.3.1. Distributional effects of climate policy

It is necessary to distinguish between the distributional impacts of a carbon tax on the uses and the sources side.
Distributional effects on the uses side appear if climate policy leads to an increase in the prices of more carbon-
intensive goods. This increase burdens households differently, due to differences in their consumption patterns.
Sources-side effects appear through changes in the relative factor prices of different production inputs, induced
by climate policy.

Following Fullerton (2011), there are several reasons why climate policy can make low-income households
worse off: The most important uses-side effect is that these households spend a larger portion of their
income on carbon-intensive goods (Flues & Thomas, 2015; Grainger & Kolstad, 2010; Levinson & O’Brien,
2015). Climate policy increases the price of these goods and would thus be regressive. This effect, however,
does not necessarily occur in developing countries (Sterner, 2012), depending on the use of kerosene and
the continued use of biomass as primary fuels. Several empirical studies that estimate the distributional
effects of carbon pricing based on expenditure data confirm its regressivity (Hassett, Mathur, & Metcalf, 2012;
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Poterba, 1991; Wier, Birr-Pedersen, Jacobsen, & Klok, 2005); however, Cronin, Fullerton, and Sexton (2017) high-
light that considering average tax changes for a specific group of the income distribution hides sizeable hetero-
geneity within that group.

These studies, however, neglect important general equilibrium effects. Fullerton and Heutel (2007, 2010)
demonstrate that the incidence of carbon pricing on the uses side is regressive, while the incidence on the
sources side can be regressive, neutral or progressive, depending on the parameters regarding the substitutabil-
ity between capital, labour and emissions. Rausch et al. (2010) find that under certain circumstances, the pro-
gressive impacts of a carbon tax on the sources side exceed the regressive impacts on the uses side, which
in sum leads to a mildly progressive effect even without recycling of the revenues in a model calibrated to
the US economy. Dissou and Siddiqui (2014) confirm that distributional effects on the sources side are likely
to be progressive. A prominent example for a regressive effect on the sources side is that unskilled workers
might lose their jobs in polluting industries, while newly created jobs for example in the renewable energy
sector might require a higher level of education.’®

2.3.2. Designing equitable climate policy

There is wide agreement that the recycling of carbon pricing revenue can be designed such that it mitigates or
even completely neutralizes the regressive effects of the pricing (Bento, 2013; Bento, Goulder, Jacobsen, & von
Haefen, 2009; Metcalf, 1999; Parry & Williams 1ll, 2010). Two recycling options for the revenue are conceivable:
returning the revenue to the taxpayer through tax cuts or transfers, or using the revenue for some form of public
investment. Several theoretical contributions have been made regarding the first option: smaller theoretical
models with different types of household heterogeneity show that the regressive effect of carbon pricing
can be mitigated by recycling the tax revenue progressively. For instance, this can be achieved through non-
linear labour tax cuts or uniform lump-sum transfers. However, these models disagree on the extent of this
effect (Chiroleu-Assouline & Fodha, 2014; Fullerton & Monti, 2013; Klenert & Mattauch, 2016). Larger, calibrated
models, such as the models used in Rausch, Metcalf, and Reilly (2011) and Williams, Gordon, Burtraw, Carbone,
and Morgenstern (2015), lead to the conclusion that the regressive effects of the pricing can be completely neu-
tralized, but that this has efficiency costs. Finally, publications based on optimal taxation theory show that, if the
income tax system before the introduction of carbon pricing is inefficient, using the pricing revenue for moving
the income tax system closer to its optimum can enhance efficiency, either in a distribution-neutral way (Kaplow,
2012) or even so as to decrease inequality below initial levels (Klenert, Schwerhoff, Edenhofer, & Mattauch,
2016).

There is very little literature regarding the second option — the use of carbon pricing revenue for public
investment. Since the distributional effects of carbon pricing are immediate but those of public investment
occur in the long term, it is hard to analyse them in a joint framework. There is general agreement in the empiri-
cal literature that investment in infrastructure can reduce inequality, for example by providing health care and
education to poor parts of society (Calderén & Chong, 2004; OECD, 2012). The theoretical literature is ambigu-
ous: In a growth model with heterogeneous dynastic agents, Chatterjee and Turnovsky (2012) show that gov-
ernment spending increases inequality in welfare and wealth in the long run. Glomm and Ravikumar (1994) find
that public spending financed by income taxation is neutral on the income distribution. Mattauch, Edenhofer,
Klenert, and Bénard (2016) and Klenert, Mattauch, Edenhofer, and Lessmann (2016) show in a heterogeneous-
agent model that public spending in itself has a mildly progressive effect. The net distributional effect, however,
is determined by the way the revenue for the spending is raised. It hence is unclear if recycling the carbon tax
revenue via public investment in infrastructure has the potential to offset the potential regressive effect of the
tax itself.

2.3.3. Implications for very stringent climate policy

In sum, the distributional effects of climate policy can be regressive when the recycling of the revenue is not
taken into account. The more stringent the policy, the more regressive its uses-side effect. It is hence crucial
to pair a carbon pricing instrument with some kind of revenue recycling that neutralizes or overcompensates
its inequality-increasing effect. Several options fulfil this criterion, such as using the revenue for specific
forms of transfers to poor households, uniform lump-sum transfers, or tax cuts. In particular, using the
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revenue for a progressive reform of the income tax system has the potential to reduce inequality below initial
levels - this policy would also enhance efficiency by reducing the cost of labour. Several questions remain cri-
tically understudied. For instance, what would be the environmental and distributional effects of financing
green infrastructure through a price on carbon? How do land-based mitigation options affect the distribution
through food price increases? And what are the distributional impacts of climate policy measures when
labour markets are not perfectly competitive due to minimum wages, social security contributions and an infor-
mal sector?

3. Discussion

The previous section provided a broad range of cases in which climate policies and fiscal policies contribute to
each other’s objectives, or interact so that a closer integration is desirable. However, the body of literature on
most of these interactions is still relatively small and recent, except for (and despite) the debate on environ-
mental tax swaps since Tullock (1967). As he already noted, ‘economists, like everyone else, sometimes keep
ideas in watertight compartments. Fiscal policy has normally been dealt with quite separately from the
problem of externalities’ (Tullock, 1967, p. 643). We now discuss two potential obstacles for further policy inte-
gration that may also explain this lack of interest.

On the one hand, mitigation-related and fiscal externalities will only be assessed within one framework if
their existence and relevance is acknowledged. However, relevance can be a chicken-and-egg question as
some potential welfare improvements only become visible relative to a baseline that is re-evaluated and ‘cor-
rected downwards’ in the light of multiple inefficiencies. If inefficiencies beyond the basic climate externality
are not acknowledged, this may compromise the usefulness of some of the arguments in Section 2 in the pol-
itical process. This will be less of a problem for ‘tangible’ interactions involving large financial flows, for example
from carbon pricing.

On the other hand, there may be a principal objection to an integrated approach, namely the doubt that
through the appearance of a ‘new’ problem to be addressed by policy, addressing existing imperfections
becomes any more feasible or actually yields a genuine benefit. This can be rebutted on two grounds:

First, the theory of the second best stresses that, if one externality is not corrected, the optimal allocation on
all other markets differs from the first-best allocation (Lipsey & Lancaster, 1956). Some of the effects considered
in Section 2 indeed confirm that adjusting policy measures supposed to address distortions independent of
climate policy does have beneficial effects when stricter climate policy is introduced.'”

Second, from a political economy perspective, it is typically more feasible to design tax reforms that combine
several public finance measures tailored to win the support of special interest groups (Grossman & Helpman,
2001) and voters (Castanheira, Nicodeme, & Profeta, 2012). In particular, the government may be constrained
by not being able to raise non-environmental, distortionary taxes on political grounds (Section 2.2), even if
levying these taxes to increase government spending would increase total productivity. How this matters in pol-
itical practice seems to be an understudied question, although the successful introduction of the Swedish
carbon tax (Sterner, 1994; Hammar, Sterner, & Akerfeldt, 2013) and the German ecological tax reform (Beuer-
mann & Santarius, 2006) were both explicitly motivated by additional fiscal concerns.

The second point is also particularly relevant because of the intertemporal nature of the climate
problem: there are costs for mitigation today, while most benefits from avoided damages occur in the
future. This offers an opportunity to design Pareto-improving climate policies to get over the obstacle
that mitigation policy can be costly today (Broome, 2012; Foley, 2008): In principle, the net costs of
climate policy could be lower at every point in time if mitigation was combined with intergenerational
redistribution. This would also separate the solution of the climate problem from the more general (and
politically even more difficult) considerations of intergenerational justice (Broome, 2012). Proposed policies
to implement the required intergenerational transfer are typically fiscal instruments. Examples from the lit-
erature include reduced capital accumulation (Foley, 2008; Rezai, Foley, & Taylor, 2012), a mechanism based
on pay-as-you-go (PAYG) or other pensions between generations (von Below, Dennig, & Jaakkola, 2013;
Dao, Burghaus, & Edenhofer, 2016), and transfers through public debt policy (Bovenberg & Heijdra, 1998,
2002).
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Our review is not exhaustive: Most of the recently analysed interactions that we reviewed here presuppose
the traditional perspective of a well-informed, ‘monolithic’ government and are medium- or long-term effects.
Other non-climate inefficiencies which may interact with climate policy can result from inefficiencies in the gov-
ernment’s actions and include: informational asymmetries between the government and the private sector,
horizontal and vertical externalities of public policies in countries with a federal structure (Keen, 1998), or
labour market rigidities (Guivarch, Crassous, Sassi, & Hallegatte, 2011). Further, short-term effects reflected in
cyclical climate policy or ‘Green Keynesianism’ is another related field not considered here (Fischer & Heutel,
2013; Harris, 2013).

4, Conclusion

This article assesses links between climate change mitigation and other, allegedly conflicting objectives of fiscal
policy and their implications for implementing very stringent climate policy, such as that implied by the Paris
Agreement’s 1.5°C warming goal. We find that carefully designed, integrated climate policies and fiscal policies
in most cases can actually support each other’s objectives.

At the beginning of the article, we imagined a challenged policy maker who is in favour of carbon
pricing to solve climate change in principle, but faces resistance to this. What has she learned from our
overview of interactions and potential benefits? First, an alignment of objectives may be most apparent
for carbon pricing, which can increase the efficiency of the tax system, reduce international tax competition
and support efficient capital accumulation. Second, however, the feasibility of a substantial carbon price
required for ambitious mitigation hinges on its distributional effects, which in turn strongly depend on
the recycling of its revenues within the tax system, by transfers or public spending. Third, other interactions
may be less apparent, but no less decisive: effective mitigation requires active transport and energy infra-
structure policies when the carbon price is too low or when societies are locked into existing emission-
intensive infrastructure. Mitigation-induced changes in urban and agricultural land rents in particular for
ambitious mitigation pathways imply that land-based taxes should also be integrated into climate policy
packages.

On the other hand, we find that although the revenues generated by stringent climate policy could make up
a significant share of governments’ budgets, the magnitudes of many of the novel interaction effects reviewed
in this article, or policies to exploit or counter them, are still under-researched. So far, climate policy assessments
have predominantly focused on technological options, neglecting many interactions with public finance with
the exception of tax swaps. The current debate about the 1.5°C target again focuses on technological feasibility
- but ensuring its political feasibility requires that the large fiscal flows and distributional effects induced by cor-
respondingly stringent policy instruments are also anticipated and exploited. Providing policy makers with the
economic arguments why climate policy can benefit economic prosperity even beyond avoided climate
damages is, we believe, vital for very ambitious mitigation.

Notes

1. Authors’ own calculation, using the mean carbon price in 2020 of US$(2015) 40 for the 2°C target from a model intercompar-
ison (Kriegler, Tavoni, Riahi, & Van Vuuren, 2013; LIMITS Consortium, 2013). Total greenhouse gas emissions in 2014 in GtCO,.
(eq) were 4.3 in the EU, 6.5 in the US, and 1.3 in Japan. Tax revenues in 2014 are taken from WDI (2016). This of course ignores
implementation difficulties of such a comprehensive scheme and behavioural responses. Using more elaborate general-equi-
librium models for carbon pricing revenues, as for instance in Edenhofer, Jakob, et al. (2015), leads to comparable results.

2. Carbon pricing revenues in developed countries may not enter the general public budget, but could be ‘earmarked’ to finance
international transfers in support of climate change mitigation in developing countries (see for example Bowen (2011) or Jones
et al. (2013)). This would neutralize some interactions in this and following sections that rely on revenue recycling.

3. Under an emission permit scheme, the cap on emissions creates a scarcity that may actually increase the rents of resource
owners if they are compensated with free emission permits (Kalkuhl, Edenhofer, & Lessmann, 2013).

4. Mitigation-related changes in land use may also affect food prices, which may become a fiscal issue in particular in developing
countries in the form of support schemes for the poor.

5. Several strands of literature have discussed international climate policy extensively. Topics include cooperation and coalition
formation, the pollution haven hypothesis, carbon leakage, border tax adjustments as well as the green paradox. However,
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these topics have not been analysed as interactions between fiscal policy and climate policy so far, so we do not cover them
here.

Ogawa and Wildasin (2009) surprisingly find that decentralized decision making leads to an efficient outcome. However, their
result critically hinges on the unrealistic assumption that capital supply is fixed. Withagen and Halsema (2013) do assume
endogenous capital supply in a model of environmental tax competition, and find a counter-intuitive race-to-the-top in
environmental policies. However, the main driver of the inefficiently high environmental taxes is the rather strong assumption
that capital and environmental quality are complements.

If a national government actually does take into account environmental concerns, the result of Franks et al. (2015) is still valid:
The authors show that a unilateral fiscal reform replacing capital with carbon taxes does not cause a green paradox (Sinclair,
1992, 1994; Sinn, 2008; Ulph & Ulph, 1994). In the international Nash equilibrium neither intertemporal, nor international
carbon leakage occurs. A carbon tax financed infrastructure spending scheme thus also constitutes a viable green policy.
However, distributional concerns remain in the context of unilateral carbon taxes, which may cause jobs in energy-intensive
sectors to relocate abroad. Schwerhoff and Franks (2017) show that governments can mitigate adverse distributional effects on
these sectors by implementing sectoral labour tax cuts instead of carbon tax exemptions. For a broader perspective on dis-
tributional implications of climate policy, see Section 2.3.

In a wider context, it may be enlightening to think through interactions of land use and fiscal policies in the context of pro-
tecting the global commons.

As discussed in Section 2.1, Franks et al. (2015) is an example for this. Goulder (2013) highlights that ‘green taxes’ should not
only be part of optimal tax portfolios: even when starting from a sub-optimal distortionary tax system, additional revenue
should come from a higher green tax rather than an ‘ordinary’ tax, as long as the green tax is ‘not too large’.

Alternative instruments include patents or environmental policy instruments that ‘induce’ innovation (Jaffe, Newell, & Stavins,
2003).

. According to Jakob et al. (2016), the revenues between 2015 and 2030 from globally harmonized, national carbon prices in line

with a 450ppm CO, stabilization target would exceed the costs of providing universal access to water, sanitation and electri-
city. Theoretically, financing public investment by taxing the rents on fixed factors may even establish the socially optimal allo-
cation (Arnott & Stiglitz, 1979; Mattauch, Siegmeier, Edenhofer, & Creutzig, 2013). This may also hold for a tax on carbon rather
than a tax on land with modifications.

Burtraw and Sekar (2014) and Klenert et al. (2017) provide data on revenue recycling in current carbon pricing schemes. Esch
(2013) discusses earmarking within the European Union Emissions Trading Scheme (EU ETS). Brett and Keen (2000) and Anesi
(2006) theoretically analyse the practice of earmarking environmental taxes.

Electricity infrastructure with public good characteristics such as power networks and backup generation capacities has often
been privatized. Here, a change in the composition of infrastructure capital stocks can be induced by a change in regulation.
Active infrastructure policies were also incorporated in ‘transport demand management’ approaches (Meyer, 1999) in the US
and the UK, which however were of limited success to date (Goulden et al., 2014).

. The results of Waisman et al. (2012), who show that the costs and necessary carbon price for achieving a 2°C target can be

lowered by ad-hoc adjustments to transport infrastructure and relocations, can be interpreted in this way. For endogenous
mitigation, there may be situations in which a restricted carbon price also implies less low-carbon infrastructure, because
the utility foregone by providing less dirty infrastructure outweighs gains from environmental quality (Siegmeier, 2015).
Other distributional effects of climate policies are: First, for capital-intensive abatement technologies, environmental policies
would drive up the demand for capital. This would depress wages which would have a regressive effect since low-income
households receive most of their income from wages. Second, when pollution permits are grandfathered to firms, scarcity
rents are created, which again go to the high-income firm owners (Parry, 2004). Third, low-income households may attach
a lower value to environmental quality and care more for goods such as food and shelter. Thus, high-income households
would benefit more from avoided damages. Fourth, avoided damages to capital increase the present value of capital, for
example of an oceanfront house. Since capital owners are already better off, this policy would also have a regressive effect.
Combet (2013) and Combet and Hourcade (2014) defend a view similar to that of this article for the case of interactions of
climate policy with the social security system.
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