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Abstract

We study the conditions under which debt securities that make the cost of debt contingent on the issuer’s
carbon emissions, similar to sustainability-linked loans and bonds, can be equivalent to a carbon tax.
The paper proposes a model in which standard and environmentally-oriented agents can adopt polluting
and nonpolluting technologies, with the latter being less profitable than the former. A carbon tax can
correct the laissez-faire economy in which the polluting technology is adopted by standard agents, but
requires sufficient political support. Carbon-contingent securities provide an alternative price incentive
for standard agents to adopt the nonpolluting technology, but require sufficient funds to fully substitute
the regulatory tool. Absent political support for the tax, carbon-contingent securities can only improve
welfare, but the same is not true when some support for a carbon tax exists. Understanding the conditions
under which the regulatory and capital market tools are substitutes or complements within one economy
is an important steppingstone in thinking about carbon pricing globally. It sheds light, for instance, on
how developed economies can deploy finance to curb carbon emissions in developing economies where
support for a carbon tax does not exist.
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1 Introduction

There is widespread scientific consensus that the Earth’s climate has undergone significant warming since
the late 1800s, and human activities, particularly the release of greenhouse gases like carbon dioxide
and methane, are the primary drivers of this warming. Consequently, the issue of reducing and pricing
carbon dioxide emissions has risen on the agenda of policymakers and has been the subject of numerous
debates. As illustrated in Figure [I] there is considerable heterogeneity across countries with respect to
whether or not a carbon pricing regulation has been implemented and the form that it takes, with some
countries adopting a carbon tax, others a cap-and-trade system, and a few others having adopted bothEl
There are many reasons behind this fragmented regulation. At the international level, there are complex
considerations around what would constitute an equitable climate transition that takes into account the
fact that the countries most exposed to climate damages are the ones that have contributed the least to
global emissions and are also the ones least equipped with the resources to finance the climate transitionEl
At the domestic level, the implementation of carbon pricing schemes is subject to considerable political

frictions, with skepticism coming both from the public and politicians alikeﬂ

Figure 1. Carbon Pricing Regulation

The figure captures the current state of carbon pricing regulation worldwide as down-
loaded from the up-to-date carbon pricing dashboard developed by the World Bank Group.
Source hittps://carbonpricingdashboard.worldbank.org, accessed November 2022.
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Source: WBG, IMF staff calculations, and national sources. Note: The boundaries and other
information shown on any maps do not imply on the part of the IMF any judgment on the legal
status of any territory or any endorsement or acceptance of such boundaries.

Even when regulation has been implemented, the carbon prices implied by the adopted regulatory tools
are largely below the consensus level needed to incentivize the achievement of the Paris Agreement goal to
remain below the 1.5°C degree rise in global temperature. Furthermore, the investment estimates needed
to achieve this goal are significant and range from $5 trillion per year by 2030 (World Resources Institute,
2021) to $6.9 trillion per year (OECD, 2018). Many developing countries such as India, argue that de-

veloped countries that have been responsible for large emissions during their industrialization over many

'A carbon tax (also known as Pigouvian tax) involves charging a tax on each unit of pollution. A cap-and-trade system
involves capping the total quantity of emissions allowed, distributing rights to emitters within this total, and allowing them to
trade the permits among themselves.

2A comprehensive discussion around these issues can be found in .

3The lack of public support has been an impediment to achieving environmental targets through carbon pricing regulation.
Prominent examples are the Washington State’s two failed carbon tax referendums from 2016 and 2018 (see
(2019))), and the suspension of fuel taxes in France (which were planned to be raised as part of the government’s decarbonization
plan) in response to the Yellow Vest Movement (see|Douenne and Fabre| (2022)).




years should be responsible for bearing most of the costs of the transition. Indeed, in 2009 developed
countries committed to jointly mobilize $100 billion a year by 2020 to help developing countries adapt to
climate change, but these funds have been slow to come by and as of 2020 were still about $17 billion shortEI

The amount of financial resources that needs to be mobilized in order to support the climate transition
is significant, and well beyond the scope of what governments can provide. Financial markets are now
playing an increasingly important role by providing a platform through which investors can channel funds
towards projects with environmental, social and sustainability-related outcomes. A prominent example
is the market for sustainable debt securities, which has grown exponentially in recent years from a total
issuance volume of $109 billion pre-2012, to $5,910 billion as of 2022 (see Figures [2 and below)ﬂ Of
these, $1,611 billion consist of sustainability-linked debt, a new class of instruments introduced in 2018
which have an interest rate that is contingent on the issuer’s performance against a sustainability-related

target, which in most cases is represented by greenhouse gas emissionsﬂ
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Figure 2. Sustainable Debt Issuance per Year Figure 3. Cumulative Sustainable Debt Issuance

Importantly, the capital mobilized through sustainability-linked debt is orders of magnitude larger than
the $100 billion pledge to developing countries, and this form of carbon-contingent financing has a wider
reach, being implemented in countries where support for regulation has been insufficient (see Figure be-
low). By combining the global nature of capital markets with the carbon-pricing incentives of regulation,

these securities have the potential to be an important tool for reducing carbon.

Motivated by this stylized evidence, in this paper we study the interaction between regulatory and fi-
nancial market tools for pricing carbon within one economy, focusing on the role of political support for
environmental regulation. The regulatory tool we focus on is a carbon tax that can only be implemented
by the regulator if at least half of the voters are better off with the tax. In other words, the implemen-
tation of the tax is subject to a median-voter constraint. The financial market tool is represented by
carbon-contingent securities which have a payoff that increases (decreases) if the issuer’s carbon emis-
sions are in excess (deficit) of a predetermined target, in a manner that resembles the one observed in
sustainability-linked debt instruments. The focus on a single economy is a necessary first step to study
how regulation and financial markets jointly shape incentives to reduce emissions while abstracting from

“Details can be found in the OECD report https://www.oecd.org/climate-change/finance-usd-100-billion-goal/

5This market comprises project-based securities such as green, social and sustainable bonds and loans, as well as outcome-
based securities such as sustainability-linked loans and bonds which make the cost of debt contingent on outcomes such as
the issuers’ reduction in carbon emissions. Barbalau and Zeni| (2022) provide an overview of these markets and analyse firms’
incentives to issuing each class of securities.

SFor example, Uruguay issued a $1.5bn sustainability-linked bond in 2022, with an initial coupon of %5.75 which can increase
by 15bps if Uruguay fails to reduce a specific carbon emission metric by more than 50%, and it can decrease by 15bps if the
reduction is higher than 52%. Market-wide statistics and descriptions of the targets underlying sustainability-linked debt
instruments can be found in, for instance, [Barbalau and Zeni| (2022) and [K6lbel and Lambillon| (2022)



https://www.oecd.org/climate-change/finance-usd-100-billion-goal/

Figure 4. Percentage of Sustainability-Linked Debt Issuance

This figure shows the geographical distribution of sustainability-linked debt (which includes corporate and govern-
ment issued sustainability-linked loans and bonds) relative to all debt (corporate and government issued loans and
bonds) issued since 2013. Data are collected from Bloomberg. A more intense shade of green indicates a higher
proportion of sustainability-linked debt relative to total debt.
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cross-country considerations such as international agreements and carbon leakage effects.

We start by proposing a baseline model which features standard and environmentally-oriented agents
that are risk-neutral and behave atomistically with respect to global emissions. Environmental agents
internalize the negative impact of the emissions associated with their actions. Specifically, they derive
non-pecuniary utility (dis-utility) from taking actions that reduce (increase) emissions, and this is irre-
spective of the impact on aggregate emissionsﬂ Each agent has endowments which she can either invest in
polluting and non-polluting production technologies, with the latter being less profitable than the former,
or lend to other agents through carbon-contingent debt securities. There is a regulator that internalizes
aggregate emissions and aims to set a carbon tax to maximize social welfare, but is subject to a median
voter constraint. To focus on real effects in our welfare analysis, we treat the agents’ non-pecuniary utility

as a purely decisional utility, and do not include it in our notion of Welfareﬁ

The model predicts that in a laissez-faire economy without taxes nor financial markets, standard agents
will invest in the polluting technology and environmental ones in the green, non-polluting technology.
If exposure to climate shocks is higher than the profitability loss brought about by investing in the less
profitable green technology, the regulator will find it optimal to implement a carbon tax and by doing so
correct the laissez-faire economy, improve welfare and reduce emissions. However, the regulator can only
implement a tax if it is supported by the median voter, where agents support a given tax if it increases
their utility relative to the counterfactual without the tax. Furthermore, environmental agents derive

utility from supporting a carbon tax, in line with the assumption that they internalize the emissions

associated with their actions. We use group-based ethical voter models (Feddersen and Sandroni| (2006))

"These agents are similar to the so-called warm-glow agents in|Andreoni m, the warm-glow agents in [Huang and Kopytov]
(2022)) and |Goldstein et al.| (2022)), the narrow-mandate investors in (Oehmke and Opp| (2022b)), the values-aligned investors in
Green and Roth| (2021) and [Landier and Lovo| (2020). Empirical evidence on such preferences for sustainable investing is
provided by [Riedl and Smeets| (2017)), [Bonnefon et al.| (2022)), Humphrey et al.| (2021)), Heeb et al.| (2023a). We discuss green
preferences in more detail in Section [3]

8This is in line with Broccardo et al| (2022) and |[Inderst and Opp, (2022). We discuss this choice and its implications in
greater detail in Section @




to quantify the emissions associated with the voting action.

Carbon-contingent financing arises only in the absence of a carbon tax, with environmental agents acting as
lenders and standard agents as borrowers. Carbon-contingent securities offer an alternative carbon-pricing
incentive for standard agents to switch to the green technology, but the extent to which these securities
can fully substitute regulation depends on the funds of environmental agents, who are effectively financ-
ing the transition. When the funds deployed through carbon-contingent markets are sufficiently large,
the financial market solution can fully substitute regulation and achieves the same level of welfare and
emissions reduction as the carbon tax. Pricing emissions through financial markets also creates welfare
gains when environmental funds are small, provided that the political constraint is binding. Therefore,
when there is no support for a carbon tax, the introduction of financial markets circumvents the political

constraint and is welfare improving.

In the baseline model, the introduction of financial markets for pricing carbon does not change voting
outcomes, with environmental agents always supporting the tax and standard agents always voting against
it. However, on the intensive margin, support for the tax decreases when markets exist. Standard agents
are less willing to vote for the tax when the market solution for pricing carbon exists because the latter
provides them with a platform though which they can monetize environmental agents’ preferences and
thus get financially rewarded for reducing emissions. For environmental agents, who act as lenders in
carbon contingent-markets and are effectively subsidizing the transition of standard agents, tax support

is lower because they get to reform others through marketsﬂ

To understand the intensive margin interaction between market-based and regulatory tools for pricing
carbon, we extend the model to a continuum of production technologies with emissions that can be re-
duced at a convex cost and a continuum of agents with heterogeneous environmental preferences. In the
continuous model, the regulator can implement a revenue-neutral tax which involves redistributing the tax
revenues equally across agentleI Again, the regulator can only implement a tax that is at most as high as
that supported by the median voter. The model predicts that the issuance of carbon-contingent securities,
the market-implied price of carbon, and the resulting emission abatement generated by financial markets
are a decreasing function of the tax, suggesting again that the two tools can be used as substitutes. In
line with the linear model, we show that the presence of financial markets reduces the median voter’s
willingness to support any given tax proposed by the regulator. Furthermore, for admissible ranges of
model parameters, the model predicts that the median voter is a borrower, so the counterproductive effect
of introducing financial markets in terms of crowding-out political support for the tax is driven by two
pecuniary motives. First, in the presence of the tax, the median voter stands to profit less from issuing the
carbon-contingent security. Second, relative to the economy without financial markets, the voter receives
a lower tax redistribution because the contribution of financial markets to reduce emissions reduces the

tax proceeds collected by the regulator.

When solving for the regulator’s optimal tax rate in the presence of financial markets, we find that the
unconstrained optimal carbon tax in the presence of financial markets is strictly lower than the optimal

tax if financial markets did not exist. However, as discussed, the median voter’s support for any given

9Note that this does not mean they prefer markets to the tax, but since the cost of reforming others is lower of equal than
the benefit they get from doing so, due to their green preferences, their support for the tax will be weaker.

0The choice of revenue-neutral taxation is to preserve consistency with the linear model framework, in which the tax simply
serves as an incentive to modify standard agents’ investment choices from polluting to non-polluting technologies, and is never
actually collected. Furthermore, this assumption is in lien with large scale revenue-neutral carbon taxes implemented in countries
such as the UK and Canada.



tax is also reduced. So although financial markets reduce the need for regulatory intervention, they also
increase the stringency of the political constraint, with the implication that they may no longer be able
to efficiently circumvent the political constraint but might actually increase the stringency of the political

constraint. The implications in terms of welfare and emissions reduction depend on which force dominates.

Relative to a counterfactual economy without financial markets which is unconstrained and can implement
the optimal tax, we find that the introduction of financial markets typically results in a lower welfare and
an inefficiently higher or lower level of emissions reduction. Similar levels of welfare and emissions reduc-
tion can only be achieved if the decrease in support that is brought about by markets is not high enough
to make the implementation of the (optimally lower) tax unfeasible, i.e. if the political constraint does
not bind. But otherwise, if markets make the implementation of the tax redundant (negative optimal tax)
or unfeasible (negative median voter constraint), such that only a tax equal to zero can be implemented,

then the introduction of financial markets is detrimental.

Relative to a politically constrained counterfactual economy without financial markets which cannot im-
plement the optimal tax, the introduction of financial markets typically increases welfare and reduces
emissions. Even when markets decrease political support to the point of making the implementation of
the tax unfeasible, i.e. negative median voter constraint, welfare can still be improved if the carbon abate-
ment achieved through markets is higher than that achieved through the constrained tax implemented in
the counterfactual economy. However, when the economy with financial markets implements the politically
constrained tax, i.e. median voter constraint binds, it will lead to a lower welfare and higher emissions

relative to the counterfactual economy without markets, which implements a (lower) constrained tax.

The extended model is able to generate the observed co-existence of a carbon tax policy and carbon
contingent finance, thereby rationalizing why countries with environmentally-oriented voters have both
high carbon taxes and active sustainable finance markets. However, our model suggests that this co-
existence is likely to be inefficient if the reduction in political support that markets bring about is higher
than the carbon abatement they enable and the consequent reduction in the need for regulatory inter-
vention. An important implication of our model is that introducing financial markets for pricing carbon
in economies where some support for regulation exists can be dangerouﬂ and carbon-contingent funds
are best directed to markets without carbon taxes, that is, markets where support for taxes and voters’
environmental concerns are low. Not only there is more abatement potential in such economies which

cannot implement taxes, but the risk that markets would crowd out regulation is also lower.

The rest of the paper is organized as follows: in Section 2 we provide a review of the related literature,
underlying the original contribution of our work; in Section 3 we present and solve the baseline model; in

Section 4 we present and solve the extended model; in Section 5 we conclude.

2 Literature

This paper contributes to understanding how security design can enable financial markets to complement
government regulation in reducing negative externalities. First, it contributes to the literature studying the
interaction between financial markets and corporate behavior, which has largely focused on understanding
the conditions under which and channels through which investments by agents with pro-social and/or pro-
environmental preferences can have an impact by reforming the firms. The channel most studied is the

cost of capital channel. Notable papers in this literature stream include Heinkel et al.| (2001) who study

1This is in line with debates regarding markets being a potentially dangerous placebo (see [Heeb et al.| (2023b))).



how exclusionary ethical investing impacts corporate behavior, [Pastor et al.| (2020) who study how shifts
in customers’ tastes for green products and investors’ tastes for green holdings produce positive social
impact, [Edmans et al.| (2022]) who study the effectiveness of exclusion versus titling investment strategies
in terms of reducing externalities, (Oehmke and Opp| (2022b) who study the conditions for impact in a
context in which investors can relax firms’ financial constraints for responsible production, and |[Landier
and Lovol (2020) who study how ESG funds should invest to maximize social welfare in a setup in which
financing markets are subject to a search friction. (Chowdhry et al.| (2019)) also study the conditions under
which impact investments improve social outcomes, but they focus on the role of contracting and security
design when firms that cannot commit to social goals are jointly financed by profit and socially-motivated
investors. |Goldstein et al.| (2022)) show how the presence of investors with heterogeneous ESG preferences
influences information aggregation by prices and affects firms’ cost of capital, which may indirectly affect
their production. Finally, Hart and Zingales| (2017)) and [Broccardo et al.| (2022) emphasize a governance
rather than a cost of capital channel. We are also effectively studying a cost of capital channel, but our
channel is contractual and embedded in security design, and is not driven by the equilibrium interaction
between agents and the ensuing price or governance pressure exerted, often through equity investments.
We abstract from corporate governance and a firm’s decision to reform by taking the technologies as given
and only look at which will be financed in equilibrium. Our focus is instead on the interaction between

security design and regulation, which is absent in all the works cited above.

The literature stream that our paper is most related to is the one at the intersection of finance and cor-
porate behavior, but which also brings regulation into the picture. |Heider and Inderst| (2021)) examine
optimal environmental policy through emission caps and pricing when firms need costly external financing,
Dottling and Rola-Janickal (2022) study environmental and financial regulation in a setup with financially
constrained firms and endogenous climate-related transition and physical risks, and |Oehmke and Opp
(2022a)) study the role of green capital requirements as a tool to incentivize bank lending to green firms
when taxes on emissions are not available. [Hong et al. (2021) study the welfare implications of invest-
ment mandates which involve restricting a fixed fraction of the representative investor’s portfolio to hold
firms that meet sustainability guidelines. [Inderst and Opp| (2022)) study the interaction between financial
regulation taking the form of a taxonomy for sustainable investment products, and traditional tools for
environmental regulation such as taxes on externalities or production standards. Biais and Landier| (2022)
study the complementarity between firms, which can invest in green technologies, and the government,
which can impose emission caps but has limited commitment power. Ramadorai and Zeni (2021)) find
that firms’ abatement actions depend greatly on their beliefs about climate regulation, and that both
informational frictions and reputational concerns can amplify responses to climate regulation, increasing
its effectiveness. [Huang and Kopytov] (2022)) show that in the presence of socially responsible investors,
pollution can increase with regulation stringency because regulation reshapes firms’ shareholders com-
position and makes polluting firms’ shareholders less averse to holding polluting shares. While most of
the literature has focused on market responses to (the anticipation) of regulation, our focus is on how
markets affect the implementation of regulation, placing emphasis on political constraints and voting. We
are, to the best of our knowledge, the first ones to note that a specific security design can substitute
regulation. In doing so we build on the work of Barbalau and Zeni| (2022)), who study firms’ incentives
to issue securities that make the cost of debt contingent on sustainability-related outcomes such as car-
bon emissions. We show that a carbon-contingent security design can fully substitute a carbon tax for

which there is insufficient political support if the capital deployed through such markets is sufficiently high.

While our paper delivers the insight that financial market solution for pricing carbon can substitute reg-

ulation when political support is missing, we also find that it weakens support for regulation and, under



certain conditions, can lead to less efficient outcomes. Thus, our paper also relates to the literature
showing that socially responsible investments can have counterproductive implications. |Green and Roth
(2021) show that ESG investing strategies that focus on the social value of the companies included in
their portfolio, with no regard for the implications of these investments on total welfare, allocate their
capital inefficiently from the perspective of generating impact and financial returns. |Gupta et al.| (2022)
highlight that socially responsible investors who value acquiring firms with high negative production ex-
ternalities that they can reform, create trading gains that can actually cause a potential delay in reform.
Bisceglia et al.| (2022) point to the failure of socially responsible investors to internalize the impact of their
investment on product market competition, resulting in concentration of green capital to few firms and
increased market power. Hartzmark and Shue| (2023]) provide empirical evidence that common strategies
which direct capital away from brown firms and towards green firms may be counterproductive by making

brown firms browner without making green firms greener.

The environmental agents in our model are effectively implementing a Coasian solution by subsidizing the
technology shift of agents that would otherwise pollute. |Adrian et al.| (2022]) estimate the gains that could
be realized from phasing out coal, and make a case for a Coasean bargain whereby we would be better off
by paying the polluter to stop polluting. They discuss the role of international agreements that feature
compensation conditional on phasing out coal, as well as blended finance which would leverage public funds
to de-risk investments in renewable energy and catalyze investments from capital markets. In contrast to
this paper, we propose a model that features a purely decentralized market solution that does not rely on
international agreements or collaborations, which are subject to political frictions. We show that if agents
with environmental preferences are given an option to personally subsidize the decarbonization efforts
of other agents through private financial solutions, they will optimally do so and this has the advantage
of circumventing the political constraints faced by a regulator. Our paper is therefore also related to
the literature on the private provision of public goods (Besley and Ghatak, [2007]), which studies the
incentives and advantages that private actors might have in dealing with public goods provision, and it also
contributes to the political economy literature on private versus public regulation (Maxwell et al.| (2000)),
Egorov and Harstad| (2017))). We demonstrate the emergence of private tool for pricing emissions which
can be equivalent to and substitute a regulatory tool. Importantly, we outline the conditions under which
this private solution presents a comparative advantage relative to the public one by overcoming political
frictions that prevent the implementation of regulation, as well those under which its introduction may
backfire by weakening support for public regulation. Finally, we also contribute to the political economy
literature on the drivers of individual support for climate policies (Drews and Van den Berghl (2016),
Dechezleprétre et al.|(2022]) [Heeb et al.| (2023b))) by showing that, in line with empirical evidence, support
for regulation depends importantly on self-interest considerations preferences and tax redistributions.

3 Simple Model

We start with a simple linear model featuring two technologies, two time periods t = 0,1, two types of
agents (standard and environmentally-oriented), and a regulator which sets a carbon tax to maximize

social welfare subject to a median voter constraint.

There are two technologies, which take as input capital I to produce output y and carbon emissions e.

The polluting technology, indexed by 7, yields output y, and emissions e, given by
Yo =71 and er =1,

where m > 1 is a production parameter. The non-polluting or green technology, indexed by g, yields



output y, and zero emissions

Yy =gl and eg =0,

with g a green production parameter which satisfies 1 < g < 7.

There are two types of risk-neutral agents indexed by i = 1, 2, namely:

(i) standard agents, indexed by i = 1, who form a proportion 6 of the population, are each endowed

with capital k1, and have utility that is increasing in consumption
Ul = Cla (1)

where consumption is given by the output of their investment.

(ii) environmentally-oriented or green agents, indexed by i = 2, who form a proportion 1 — 6 of the

population, have capital ho and utility
Us = C3 — nea, (2)

where e; are the emissions associated with their actions, and 7 is a green preference parameter which
is assumed to satisfy 7 > m — g. This preference specification captures the idea that agents dislike

the emissions associated with their actions and which they feel responsible for.

While there is no consensus on the terminology or modelling of environmental preferences, a broad dis-
tinction can be made between warm-glow agents that derive personal (dis-)utility from their actions, and
consequentialists who internalize the consequences or impact of their actions on others. This goes back to
who distinguishes between acts that enter utility as private goods (warm-glow altruism)
or public goods (pure altruism). The literature has thus labelled as consequentialist those agents that

take into account the impact of their actions on aggregate social welfare, which typically requires that

they are big enough and are not atomistic (as in Broccardo et al|(2022)), Gupta et al.| (2022) or |(Ochmke|

land Oppl| (2022b))). On the other hand, warm-glow refers to agents that derive purely personal utility

from their actions, which is what motivates atomistic agents to engage in prosocial behavior even if this is
inconsequential for aggregate outcomes. However, leaving welfare considerations apart, a distinction can
be made between actions that grant personal satisfaction independently of the outcome of those actions,
and actions that grant personal satisfaction which is proportional to the actions’ outcome. With this in
mind, we can make a distinction between agents who: 1) refuse to take certain actions that do not satisfy
given moral or ethical criteria e.g. refusal to hold dirty shares (such agents include the exclusionary in-
vestors in [Heinkel et al.| (2001)) and [Hong et al.| (2021)), the deontological agents in |Dangl et al.| (2023) and
Broccardo et al.| (2022)); 2) derive utility from taking actions that can be labelled as right or wrong inde-

pendently of the outcome of those actions e.g. derive (dis-)utility from holding what can be categorized
as green (brown) shares (such agents include the the warm-glow non-consequentialist agents in

and Opp) (2022), the non-consequentialist agents in [Dangl et al| (2023)), or the taste investor in baseline
model of [Pastor et al. (2020)); 3) derive personal utility that depends on the impact or consequences of

their actions, irrespective of action labelling e.g. holding a brown rather than a green shares if doing so

reduces externalitities (such agents include those in [Edmans et al|(2022)), the narrow-mandate investors
in|Oehmke and Opp| (2022h), the values-aligned investors in Green and Roth| (2021 and [Landier and Lovo|
(2020), the warm-glow agents in [Huang and Kopytov] (2022)), |Goldstein et al.| (2022), [Hart and Zingales|
(2017) and Broccardo et al.| (2022)); 4) derive utility from taking actions that have an impact on others,

or in other words, actions that have consequences for aggregate outcomes e.g. reducing aggregate negative

externalities (such agents include the broad-mandate investors in (Oehmke and Opp] (2022b)); |Gupta et al.|
(2022); the impact-aligned investors in |Green and Roth| (2021)); impact-aligned agents in|Landier and Lovo|




(2020)); the consequentialist agents |[Broccardo et al.| (2022)) and |Dangl et al.| (2023)).

The environmental agents in our model can be best placed in third category listed above. Their preferences
can be labelled as warm-glow preferences in the sense that they derive personal non-pecuniary (dis-)utility
from the negative externalities associated with their actions. However, insofar as they correctly internalize
the consequences of their actions they can also be thought of as narrow consequentialists in the sense that
the negative externalities they internalize are evaluated relative to a counterfactual in which the action
would not have been taken [

The regulator maximizes utilitarian social welfare given by
W =6C, + (1 — 0)02 — \E. (3)

where E = fe; + (1 —0)es denotes aggregate emissions given by a weighted sum of the emissions produced
by standard and environmental agents, e; and es respectively, and A is a climate parameter which captures
the economic damage associated with one additional unit of emissions in the atmosphere, also referred to
as the social cost of carbon. Note that environmental agents’ green preference parameter 1 does not enter
the regulator’s welfare function, which allows us to capture only real effects while excluding obvious, me-
chanical effects resulting from agents’ green preferencesE This is akin to treating n as merely decisional
utility, since it remains relatively unaffected by the aggregate outcomes that are actually achieved, and is
in line with Broccardo et al| (2022)) and |[Inderst and Opp| (2022).

In Appendix we consider a specification in which agents too internalize exposure to global emissions,
and their preferences are U; = C7 + AFE and Us = C5 +nes + AE. This can be conceptualized as capturing
a global climate shocks that affects them irrespective of their preferences, such as a natural disaster or
the negative effects of pollution on health which affect the entire population. Under this specification
our standard and environmental agents are similar to the pure altruists and impure altruists, specifically,
in |Andreoni (1990) or the warm-glow atomistic agents in [Huang and Kopytov| (2022) who care about
the externalities associated with their actions beyond their contribution to aggregate outcomes. The
key implication of considering this preference variation is that agents now have a motive to vote for a
carbon tax. The key results on equivalence and the weakening support for tax remain unchanged, but
this variation delivers starker voting predictions in terms of the detrimental effect that the introduction

of markets has for the support for regulation.

3.1 Laissez-Faire Benchmark

In the decentralized economy, agents choose to produce output using the polluting or non-polluting tech-
nologies. Denote the capital investment in the polluting and non-polluting technology by I, and I,
respectively, and denote agent i’s green preference using 7;, which for the standard agent i = 1 takes the
value 177 = 0 and for the environmental agent i = 2 takes the value 7o = 7. Recall that emissions are
only produced by the investment in the polluting technology, that is, e, = I and e, = 0. Thus, agent i’s
problem of allocating its endowment to the polluting and the green technology, is

U =max nl; +gl, —n;Ir such that I + I, < h;. (4)

mylg

1211 line with the discussion in [Hart and Zingales (2017), who note that consequentialism is defined as “the doctrine that the
morality of an action is to be judged solely by its consequences”.

3ncluding the preference parameter 7 in the regulator’s welfare function is inconsequential for setting the tax and has the
main implications that financial markets alone can achieve a higher welfare than the carbon tax even when the latter is not
subject to political constraints. We deal with this case in Appendix
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Given that we assumed m# > g > 1 and n > 7w — g, the standard agent ¢ = 1 will invest all available
capital in the polluting technology, I; = h;, whereas the environmental agent will invest all capital in the
non-polluting technology, I; = hs.

Taking account of such choices, aggregate emissions are E* = fef + (1 — 0)es = 0hq, the utility of the

standard agent is Uy = why, that of the environmental agent is Uy = gho and social welfare is

W* = 97Th1 + (1 - Q)th - )\Ghl (5)

3.2 Carbon Tax

Suppose that the regulator can alter the laissez-faire economy by imposing a tax 7 on the emissions
produced by the polluting technology 7, and by doing so alter the investment decisions of the agents.
Denoting E™ = fe] + (1 —60)e] the sum of the optimal emissions of the standard and environmental agents

given the tax, the utilitarian social welfare is
WT=0CT +(1—-6)C] — \E” (6)

with CT and CJ the consumption of the standard and environmental agents, respectively, evaluated at

their optimal investment choices given the tax 7.

It is straightforward to show that any tax 7 > 0 will not change the actions of the environmental agent
relative to the benchmark laissez-faire economy in which the green technology is adopted. It is therefore

sufficient to focus on the standard agent’s problem, which in the presence of the tax becomes
U = max gl, + (m —7)I; such that I + I, = hy. (7)
wylg

Optimal investment choices given the tax 7 are

IgT:hl and I =0 if 7>7m—g

I; =0 and ImT=hy otherwise,

(®)

and the emissions associated with the standard agent’s choices are e] = 0if 7 > 7 — ¢, and ] = Iy

otherwise. Substituting agents’ optimal choices into the utilitarian social welfare in @, we have

W™ =60ghy + (1 —0)gh if > —
W= ghi + (1 — 6)ghs if r>27—g )
W* = 60rhy + (1 — 0)gha — M0h;  otherwise.

Thus, implementing a carbon tax that is sufficiently high to incentivize the transition to the green tech-
nology, i.e. 7 > m — g, yields a higher welfare if A > m — ¢g. Therefore, the optimal tax is 7 = 7 — ¢ if

A>m— g, and 7 = 0 otherwise.

We focus henceforth on the case in which A > 7 — ¢, such that the tax should be optimally implemented.
In this case, aggregate emissions are zero, E7 = 0 < E*, and utilitarian social welfare is higher relative to

the laissez-faire economy
W7 =0ghy + (1 —0)ghy > W™. (10)
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3.3 Constrained Carbon Tax

As discussed in the introduction, political constraints are an important friction to the implementation of
carbon pricing schemes, which requires sufficient political support from the population. The regulator is
subject to a political constraint in the sense that it can only implement a tax 7 that makes at least half
of the population better off. Formally, the regulator must solve a constrained maximization problem of
the type

max W7 such that 7 < 7195, (11)

T

which states that the optimal tax should be at most equal to that supported by the median voter, denoted
as 79.5. We now outline the voting problem and derive an explicit expression for 7q 5.

The voting problem. We consider sincere, non-strategic voters that vote for (against) the tax based
on whether their utility with the tax, U], is higher (lower) than their utility is the laissez-faire econ-
omy, US. We first consider the case of the standard agent, i = 1. The standard agent’s utility in an
economy with a carbon tax is U] = gh; whereas in the laissez-faire economy, it is Uy = wh;. Therefore,

the standard agent is always going to vote against the tax, since m > g.

Let us now turn to the voting problem of the environmental agent, ¢ = 2, who internalizes the emissions
associated with her actions. To the extent that the voting action contributes to shaping emissions, the
carbon emission implications of her vote should also be internalized. We capture this intuition by allowing
the environmental agent to suffer disutility from voting against the tax or, alternatively stated, to derive
utility from supporting the tax. However, allowing the environmental agent to internalize consequences of
voting against the tax raises the important questions of what is the contribution of one’s voting action to
shaping emissions. This is related to a long standing (political science) literature on how voters internalize
the decision to vote and the consequent voting turnout. Because voters are small, several theories aim to
explain the paradox of voting (see [Feddersen| (2004)) and |Geys| (2006]) for excellent reviews). The theories
that lend themselves best to our setup are ”group-based” model of turnout, in which group members vote
because they believe themselves to be ethically obliged to act in a manner that is consistent with the

group’s interest as in ”ethical agent” models@

We use the group-based ethical voter approach to allow environmental agents to determine and internalize
the implications of their voting action. The environmental agents in our model are interpreted as ethical
voters, who as the rule utilitarians in [Harsanyi| (1977) receive an additional payoff for acting according
to an ethical rule with the property that if everyone acts according to this rule, social welfare will be
maximized. Following [Feddersen and Sandroni| (2006), the ethical rule is that which produces the best
outcome from that agent’s perspective if all voters of the same type act according to that rule, while
taking as given the behavior of agents with different preference types. In other words, from the point of
view of these voters, the benefit from voting for a certain policy is the best outcome that is achieved if all
other voters sharing that type vote for that policy. Applied to our model, and in line with group-based
ethical voter models, the benefit from voting in favour is the best outcome (i.e., a reduction in aggregate
emissions 0h; = E* — E7) assuming all other voters of the same type (i.e., 1 — ) do the same. Recalling
that our green voter derives disutility 7 from the emissions associated with its actions, the emissions

associated with an environmental agent’s voting action can be defined as

(E*—E™)

1-0 (12)

Ui

14 An alternative group-based theory of turnout involves agents voting because they are directly coordinated and rewarded by
leaders as in ”mobilization” models (Uhlaner} [1989)).
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When voting, the agent trades off her utility in the laissez-faire economy with her utility in an economy
with a tax plus the (green) benefit of supporting the tax, which is given by the possible emission reduction

associated with voting for the tax. Thus, she votes in favour of the tax if

E*—E7
—_———

voting benefit

Since Uy = UJ = gha, the environmental agent always supports the tax.

The median voter threshold, denoted 795, which is the maximum tax that makes the median voter

indifferent between supporting or not the carbon tax, is

T™T—g if 0 <0.5
To5 = . (14)

0 if 0 > 0.5.
PROPOSITION 1. Suppose that A > w — g such that the implementation of the carbon tax is desirable.
Then if the median voter is an environmentally-oriented type 8 < 0.5, then the tax 7 = w — g achieves

the unconstrained optimum in , aggregate emissions are zero E¢ =0 and welfare is
W¢ =0ghy, + (1 — G)ghg > W™,

If the median voter is a standard type 6 > 0.5, then a tax cannot be implemented 7¢ = 0, aggregate

emissions are B¢ = 0hy and welfare is
W€ =0rhy + (1 — 0)ghy — N0hy = W™,

We have thus derived the optimal carbon tax policy in the absence of financial markets. In the next
subsection we will consider the regulator’s problem when financial markets for pricing carbon exists, and

agents can lend or borrow through carbon-contingent debt securities.

3.4 Carbon-Contingent Financing

So far, we have studied each agent’s decisions assuming access to own capital only, represented by their
endowments h;,i = 1,2. In what follows, we allow for external financing. Specifically, we introduce
carbon-contingent debt securities similar to those observed in the market for sustainable finance and
allow agents to borrow and lend by lending and borrowing through these securities. In this setup, we
assume that agent 4 can issue, at time ¢ = 0, a debt security with principal value d; and time ¢ = 1 payoff
given by

rd; — p(e; — €f), (15)

where 7 is a fixed interest rate, €; denotes agent ¢’s benchmark emissions, set at time ¢ = 0, which are
essentially the counterfactual of what emissions would be in the absence of external financing, and ef de-
notes emissions realized at time ¢ = 1 with external financing through a carbon-contingent contract. This
return specification is analogous to that underlying sustainability-linked loans and bonds, which feature
a fixed interest rate component and a variable component that is contingent on the deviation of realized
emissions from a benchmark that is agreed at contract issuance. If realized emissions are higher than the

benchmark, i.e. e/ > €;, then the interest rate in (15]) increases and vice versa.

Although the specification in is in line with empirically observed security designs, exchanging the

12



principal plays no role in incentivizing the reduction of carbon emissions and the key feature of this
security is the contingent component. Therefore, to ease exposition we solve for the market equilibrium
by setting the fixed component to zero and we only focus on the equilibrium pricing of the contingent

component E

The Borrower’s Problem. A borrower entering contract can get rewarded upon reducing
emissions below the benchmark. Consider first the case of the standard agent ¢ = 1. If there is no carbon
tax 7 = 0, then benchmark emissions in are €; = hp and the standard agent can monetize a reduction
in emissions relative to this benchmark, i.e. €f < &. The problem solved by the standard agent if it were

to issue the carbon-contingent contract is

Bi =max 7wl + gly+ p(h1 — I;) such that I, + I; < hq, (16)
= 1g

which yields solution I, = hy if p > 7 —g, and I, =0 otherwisem When determining whether or not
to issue a carbon-contingent security, the agent compares the utility from borrowing with the utility in
the laissez-faire economy U;" = mhy. If the price of carbon implied by the carbon-contingent contract is
sufficiently high to incentivize the transition to the green technology, i.e. p > 7 — g, the utility of the

standard agent is
By = ghy + phy, (17)

which is higher than the utility from using internal finance only, Uy = mwhy, with the implication that
the agent is willing to borrow at this rate. However, if the contingent rate is not sufficiently high to
incentivize switching to the green technology, i.e. p < m — g, the standard agents’ utility from borrowing
is By = why = U{ and the agent is indifferent between issuing the security or not. Given that entering
the contract will involve neither a technology shift nor a contingent cash flow, since &; — ef = 0, we will

abstract from this trivial case when considering the carbon-contingent financing equilibrium.

If there is a carbon tax, then the standard agent’s benchmark emissions are €; = 0, and her utility from

issuing the carbon-contingent security is

B = max 7l + gl, — 71, — pI; such that I, + I < hq, (18)

mdg
which yields I, = hy if 7+ p > m — g. This holds at the optimal tax 7 = 7 — g, with the implication that
the agent will optimally invest in the green technology irrespective of the rate p. Therefore, the agent is
indifferent between entering the contract or not and, as before, we abstract from considering this trivial

case in equilibrium as it does not involve a technology shift or a contingent payoff.

Consider now the case of the environmentally-oriented agent ¢ = 2, who internalizes the emissions asso-
ciated with her actions. If through carbon-contingent financing the agent reduces her emissions she will
register a utility gain proportional to this reduction and the green preference parameter, i.e. n(és — e5).
However, independently of whether a tax exists or not, this green agent prefers to invest in the non-
polluting technology so her benchmark emissions in the absence of external financing are é; = 0 and she
cannot physically reduce emissions further. Because of the technology constraint which does not allow
producing negative emissions, the best she can do is enable other agents to reduce their emissions by par-

ticipating in carbon-contingent financing markets. Therefore, the carbon-contingent financing tool allows

'5This is without loss of generality. In Appendix we consider specification derive the equilibrium fixed rate 7 and
the contingent rate p .

Here we implicitly assume that when indifferent on the intensive margin, that is, when p = 7 — g the agent always prefers
to implement the green technology. Relaxing the assumption does not change the equilibrium outcome.
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the environmental agent to circumvent her technology constraint and contribute to reducing the emissions
of other agents in the economy. Formally, we can see that upon issuing the carbon-contingent security,

the environmental agent faces the following investment problem

B} = max wly +gly — 71 — pI. —nl; such that I, + I < ho. (19)

mlg
Investing in the green technology is optimal if 7 + p +71 > 7m — g, which holds for any tax 7 > 0 or
contingent rate p > 0 since n > m — ¢g. The agent is thus indifferent between borrowing or not, as she is

investing in the green technology anyway and has no emission reductions to monetize.

The Lender’s Problem The lenders in carbon-contingent markets are financing the adoption of
non-polluting technologies and receive a return that decreases with the carbon emissions reduction that is
financed through the security. An individual lender i is responsible for a share ¢; of the carbon emission
reductions generated through carbon-contingent markets, which is determined in equilibrium. If the

standard agent were to act as a lender, then her problem would be
L1 =max (7 — 7)h1 — pg1. (20)

Recalling the borrowing problem of the environmental and standard agents, the emission reduction is
¢1 = 0 when the borrower (i) is an environmental agent, or (ii) is a standard agent subject to a carbon
tax. In both cases, the lender realized the same utility with or without entering the contract. On the other
hand, the utility from lending to another standard agent which can deliver a positive emission reduction
g1 > 0 (i.e., in absence of the tax) is strictly lower than that from not entering the contract for any
p > 0. Thus, it is not optimal for the standard agent to be a lender or, in other words, to reward emission

reductions.

Moving on to the problem faced by an environmental agent who acts like a lender in carbon-contingent
markets we note that she receives a variable payoff, —pgo, which depends on the carbon emissions reduction
enabled through carbon-contingent markets in equilibrium. Given that the environmental agent generates
no emissions by investing in her preferred green technology, she will only internalize the emissions associ-
ated with lending, which are captured by the equilibrium emissions associated with the carbon-contingent

security, go. The environmental agent’s utility from acting as a lender is
Lo = max ghy — pga + g2 such that gho — pga > 0, (21)

where the first term is the return from investing in the green technology, the subsequent term is the cash
flow associated with the contingent security, and the last term captures green preferences related to the
emissions associated with the agent’s lending action. The constraint captures the idea that although this
class of investors may be willing to reward emission reductions, they will only do so up to the point that

they deplete their wealth.

Note that if lending is associated with an emission reduction (increase) gz > 0 (g2 < 0), the utility of the
agent increases (decreases) via the green preference channel, but it decreases (increases) via the financial
channel, i.e., the variable part of the contingent-security payoff. Therefore, if lending through the contin-
gent security increases emissions (i.e., go < 0), then environmental agents would require compensation at
a minimum rate p > 7. Since n > ™ — g, and recalling the standard agent’s investment problem in ,
implies an equilibrium in which the standard agent borrows from the environmental one at the contingent

rate p > m — g and switches to the non-polluting technology. If, on the other hand, lending generates
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emissions reduction (i.e., g2 > 0), then environmental agents will be willing to forgo p < 7 for each unit
of emissions reduction achieved, provided the financing constraint is verified. Since n > 7 — g, then an
equilibrium in which the standard agent ¢ = 1 is willing to borrow through the contingent security and

implement the green technology can arise for any contingent rate p € [ — g,7].

Market clearing. In equilibrium, the total carbon emission reduction enabled through carbon-contingent
lending by environmental agents must meet the emissions reductions supplied by the standard agents who
are borrowing, that is

(1—0)g2 =0(e1 —¢€f). (22)

This implies that each environmental agent’s lending activity is responsible for an equilibrium emissions

reduction ¢y = 1%09(61 —ef) = 1E;th

In such an equilibrium, the financing constraint is thus ghy — p%hl and is non-negative provided
p<p=g2i". (23)

It follows that if the endowments of environmental agents satisfy

T—g 0
> -
ho > p 170]11,

(24)

then p > m — g and an equilibrium with a constraint-admissible rate p € [r — g, min(p,n)] always exists.
However, if lenders’ endowments are such that the budget constraint in is violated, then the carbon-
contingent financing solution is not enough to incentivize the technology switch of the entire population of
standard agents. In such a case, a smaller share 8, € [0, 0) of standard agents, given by 6, = %
could still borrow at the limit rate p = w — g, and switch to the green technology g, whereas the remainder
of standard agents would continue to invest in the polluting technology 7 using internal finance only. We

formalize these results in the following proposition:

PROPOSITION 2. [f there is no carbon tax, then a market for carbon-contingent financing arises in

which environmental agents act as lenders and standard agents as borrowers. In such case

o if environmental agents’ endowments ho are sufficiently large to satisfy the inequality in (24), emis-
sions are priced at p € [r — g,n] and carbon-contingent debt financing enables all standard agents in

the economy to adopt the green technology;

e otherwise, emissions are priced at p = m — g and only a share 04 = % < 0 of standard
agents can access carbon-contingent debt financing and switch to the green technology, whereas the

remainder 6 — 04 continue to adopt the polluting technology.

The existence of a market for carbon-contingent securities depends on whether the tax is implemented.
If the carbon tax is implemented, then all emissions are priced at the tax rate 7 = m — g and all agents
adopt the green technology, so there is no scope for pricing carbon via the financial market solution. On
the other hand, if there is no tax, then carbon contingent finance arises and the extent to which it enables

a complete technology switch depends on the share of environmental agents’ endowments.

1"This comes from the fact that & = h; since the counterfactual economy is a laissez-faire with investment in polluting
technologies whereas e/ = 0 with contingent securities since it is never strictly optimal to borrow and not switch to the
non-polluting technology.

18This is determined such that the constraint binds at p=p =7 — g.
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3.5 Carbon-Contingent Financing and Political Constraints

The previous section has shown that carbon-contingent financing emerges only in the absence of the car-
bon tax. Borrowing through the issuance of carbon contingent securities is optimal for standard agents,
whereas lending via these securities is optimal for environmental agents. We now take a step back and
show how the possibility of being a lender or borrower in carbon-contingent debt markets affects agents’
willingness to vote in favor of a carbon tax 7 = m — g, derive the constrained optimal tax and assess the

implications for welfare and emissions relative to the benchmark results outlined in Proposition [T}

Consider first the case in which there are sufficient funds to finance the transition of all standard agents.

The utility of standard borrowers that switch to the green technology is
By = ghy + phq, (25)

which is higher than their utility with the tax, U] = ghi, since p > m — g > 0. So these agents are better
off with securities rather than the tax because they are financially rewarded for reducing their emissions.
Note also that they are strictly better off with these securities than in the laissez-faire, i.e. By > Uy = why,
since p > m — g. In fact, it holds that that By > U; > U7. The utility of standard agents is reduced
when a carbon tax is implemented, and this is even more so relative to the counterfactual in which emis-
sions are priced through markets. Although the presence of financial markets does not change the voting

outcome, the existence of financial markets for pricing carbon reduces standard agents’ support for the tax.

Let us define support for tax as difference in utility with the tax relative to the counterfactual economy
without and with carbon-contingent markets. The standard agent’s support for the tax when markets do
not exist is

Supporty T =U{ = U{ = —(7 — g)ha, (26)

while support for the tax in the presence of financial markets is given by
Supporty T|p = U] — By = —phy. (27)

Given that p > m — g it is clear that support is weaker when markets exist, which is also illustrated in
Figure 5]

Moving on to the voting problem of environmental agents, let us first note that their utility in an economy

with financial markets, where they would optimally act as lenders, is

Lo = ghs +(n—p)g2 = gha + (n—p) h1. (28)

1-6

We can thus define the environmental agent’s support for the tax in the presence of financial markets as

0
Supporty T|p = U + nﬁhl —Ly=0p hi, (29)
—_———
voting benefit

1-6

with p € [ — g,7n] depending on the size of the market, as outlined in Proposition Thus, support is
always positive and the green agents have a preference for voting for the tax since the tax allows them to
achieve the exact same environmental benefit while paying no financial cost. On the other hand, support

for the tax when markets do not exist is

0

0
Supporty T =U; + n——=h1 —U; = T4

1o h1, (30)
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and since p < 7, for this agent too, support for the tax is lower when markets exist.

Figure 5. Voting Problem

The left plot shows the support function in (black line) and the support function in (blue line)
when the median voter is a standard type (i.e. § > 0.5) as a function of the endowments of environmental
agents ha. The right plot shows the support function in (black line) and the support function in
(blue line) when the median voter is an environmental type (i.e. 8 < 0.5) as a function of the endowments
of environmental agents ho. In the regions of model parameters where p € [r — g,7], we set p = 7. Other
model parameters are 7 =14, g =1, hy =1, n = 0.6.
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Let us now consider the case in which the funds deployed through carbon-contingent markets are insuf-
ficient to fund the transition of all standard agents. For standard agents, support for the tax is higher
relative to the case when markets can fund the transition of everyone because when markets are small
the price of carbon is set at the minimum admissible rate 7 — g and so they stand to benefit less from
reducing emissions. So for this class of agents support for the tax decreases with size of carbon-contingent
markets. On the other hand, environmental agents’ tax support when markets are small
0—04 04

ot g

0 0
Supports 7lp = Ug +n——hy — (gha + (n — p)—2—hy) =1

1-0 1-6 fn, (31)

is lower relative to the case when markets are big enough to enable the transition of all agentleI Environ-
mental agents’ support for the tax increases with the size of carbon-contingent markets because markets
provide a carbon emission outcome that is increasingly more similar to that achieved by the tax, but this
comes at an increasingly higher cost. So for this class of agents support for the tax increases because the
market alternative provides at best the same environmental outcome at a higher cost. Note that we made
the simplifying (and conservative) assumption that the benefit of supporting the tax is evaluated relative
to the laissez-faire counterfactual and not relative to a counterfactual in which at least some emissions
would have already been reduced through financial markets. We consider this latter case in Appendix
[A7]] and show that doing so would only strengthen our result that the introduction of markets weakens
support for regulation. These results are plotted in Figure

In sum, relative to the case in which financial markets do not exist, introducing the market solution for
pricing carbon reduces environmental agents’ support for the tax because markets give them the oppor-
tunity to reform othersﬂ whereas standard agents weaker support is driven by their preference for the
market solution which allows them to monetize green preferences and get rewarded if they reduce emissions.

Furthermore, whereas standard agents’ support for the taxes decreases with the size of carbon-contingent

1970 see this, substitute p =7 — g in and p =17 in ,
29This becomes apparent when comparing and with , since the perceived benefit from doing so, captured by the
green preference parameter 7, is higher or equal than the cost they incur to reform others, captured by p.
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markets, and is driven by higher market-implied carbon price, environmental agents’ support for the tax

increases because the market alternative provides at best the same environmental outcome at a higher cost.

The implications for aggregate welfare and emissions relative to welfare and emissions in the politically
constrained economy, W€ and E° respectively, and these same quantities in an unconstrained economy
where the optimal tax can be implemented, W7 and E7, are summarized in the following proposition and

illustrated in Figure [6]

Figure 6. Reducing Carbon: Regulatory vs Financial Market Tool

The plots show the equilibrium welfare (left top and bottom plots) and emissions (right top and bottom
plots) as a function of the endowments of environmental agents ha. The top plots refer to the case of 8 < 0.5,
when the median voter is an environmental type. The bottom plots refer to the case 6§ > 0.5, when the
median voter is a standard type. The blue line is welfare in presence of financial markets. The black thick
line is welfare with the politically constrained tax. The black dotted line is the reference welfare achieved
from an unconstrained tax. Other parameters are hy =1, A=1, 7 =14, g=1.
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PROPOSITION 3. Suppose that A > w — g such that the implementation of the carbon tax is desirable.

o [f the median voter is an environmental type 0 < 0.5, then there is voting in support of the carbon

tax 7¢ = ™ — g and no carbon-contingent financing. Emissions are zero and welfare
We =0ghy + (1 — 0)ghy = W™ = W > W*

o [f the median voter is a standard type 6 > 0.5, then there is no carbon tax 7¢ = 0 and carbon-
contingent financing arises at the market rate p which depends on environmental agents’ endowments

as outlined in Proposition 2.

— If there are sufficient funds, emissions are reduced to zero E€ =0 and welfare is

o~

We =0ghy + (1 — 0)ghy = W™ > W = W*
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— If funds are insufficient, emissions are E¢ = (0 — 04)h1 and welfare is
W™ > W = 0rhy + (1 — 0)ghs — (1 — g)0ahy — A(0 — 0g)hy > WE = W*

When the median voter is an environmental type, the tax can be implemented and carbon-contingent
financing does not arise. Welfare and emissions reduction are the same as those achieved in the uncon-
strained economy where the optimal tax can be implemented. If the median voter is a standard type
then the tax cannot be implemented. Relative to a politically constrained economy without markets,
which cannot implement the tax, welfare is higher and increases in the relative endowments of environ-
mental agents, who are financing the transition. When the capital mobilized through carbon-contingent
markets is high enough to finance the transition of all standard agents, welfare is the same as in the
unconstrained economy. Therefore, when political support for tax does not exist, introducing markets
is welfare improving and is equivalent to the unconstrained carbon tax if markets are sufficiently large
to finance the transition of all agents. Similarly, introducing markets reduces emissions relative to the

politically constrained tax, and can equal the level achieved under the unconstrained tax.

4 Extended Model

The simple model, in light of being linear delivers either-or type of predictions and cannot rationalize the
empirical evidence showing that contingent finance co-exists with carbon pricing regulation. To understand
the interaction between market-based and regulatory tools on the intensive margin, we extend the model
to allow for a continuum of agents with heterogeneous environmental preferences, as well as a continuum
of production technologies with a convex carbon abatement cost. Specifically, instead of assuming either
a polluting or a non-polluting production technology, we allow agents to adjust the degree of pollution of
their production technology by investing in abatement, which is parameterized by ¢ € [0, 1], such that an

investment of $1 delivers output and emissions
y(0) =7 — ¢(6) and e(d) =1-4,
1

where ¢(9) represents the cost of emissions abatement, assumed to be convex ¢(J) = §¢52 with ¢ < 271'@

There is a mass one of agents i € [0,1], with equal endowments h; = $1, environmental preferences 7;

increasing monotonically in ¢, verifying n; < (bE and utility
UZ' = Cl — Ni€4, (32)
with C; consumption and e; emissions associated with agent i’s investment choices.
The regulator maximizes utilitarian social welfare, is given by
1
W = / Cidi — \E, (33)
0

with A\ the social cost associated with carbon emissions.

2IThis is to ensure that any abatement technology ¢ € [0,1] will produce positive output y(§) and it is never optimal to
completely shut down production. Note that the assumed range for abatement ¢ € [0, 1] implies that emissions can at most be
reduced to zero, and an agent cannot produce negative emissions.

22This is a necessary condition to ensure that the optimal technologies lie in the admissible range § € [0, 1], as clarified below.
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As in the case of the simple model, our aim is to determine the conditions under which financial markets
for pricing carbon can substitute the regulatory tool and the implications for welfare. We solve the model

following a backward induction approach according to the timeline below

Regulator proposes a Agents choose Profits and emissions
carbon tax investment and financing realize

Agents vote Financial markets clear

We first determine the agents’ optimal investment and financing choices in the joint presence of a given
carbon tax and a market for carbon-contingent securities. We then input these choices into the agents’
utilities at the timing of voting, and derive the maximum admissible tax that each agent can support
assuming each fully internalizes the behavior of others and the adjustment of financial markets to the tax.
Solving for the maximum tax as a function of the agent’s type will allow us to determine the median-voter
constraint, which we then input into the regulator problem of finding the constrained-optimal tax which

maximizes the utilitarian social welfare.

4.1 Laissez-Faire Benchmark

As a benchmark, we outline the investment choices, utilitarian social welfare, and aggregate emissions in
a laissez-faire economy with no financial markets and no carbon tax. In a decentralized economy without
financial markets nor taxes, each agent chooses abatement (i.e. the production technology) J; to maximize
the utility in and solves

U = H}SX Ci(8;) — mie(6;), (34)

with consumption given by investment output C;(d;) = y(d;) = 7 — ¢(d;) and emissions e(d;) = (1 — ;).
The optimal abatement choice is given by the individual environmental preference scaled by the cost of

abatement
i
Note that the parameter restriction n; < ¢ is necessary to ensure that we obtain an interior solution for

abatement 0 € [0,1]. The utility of the agent i becomes

Uf = i) - mes) =7 - 5% 1= 2, (30

and denoting aggregate emissions E* = fol €;(87)di, welfare in the laissez-faire economy is

2

1 1
17
w*:/ ci(a;f)di_m:/ (7= 25 ai - a1 -
0 0

3 ) (37

1
¢
with 7 = fol 1;di the average green preferences in the economy.

4.2 Carbon tax

The regulator considers imposing a tax 7 on the emissions e; produced by each agent i so as to maximize
the utilitarian social welfare. To preserve consistency with the previous framework in which the regulator
never effectively collects tax revenues, and also motivated by actual large-scale carbon tax implementa-

tions, we assume that the carbon tax is revenue—neutral@ Specifically, we assume that the total proceeds

28Examples of revenue-neutral carbon taxes have been applied to both firms and consumers. The largest revenue-neutral
carbon tax applied to firms is UK’s Climate Change Levy active since 2001. As for carbon taxes applied to both firms and
consumers, the one with greatest coverage has been implemented in the Canadian province of British Columbia since 2001.
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from the tax R™ = fol Te;di are redistributed to agents i € [0, 1] in the form of tax rebates.

The use of carbon tax rebates has been shown to be an important lever used by regulators to address
various frictions and improve welfare. When regulation is unilateral and firms can shift production to
deregulated countries, tax rebates can limit leakage if they are designed to reflect firms’ exit propensities
(Martin et al| (2014); Fowlie and Reguant| (2022)). In the context of political constraints, a review by
Carattini et al.| (2018) suggests that public acceptance for a carbon tax is higher if the use of the tax
proceeds is clearly specified. Similarly, empirical work by [Fremstad et al.| (2022) focusing on the USA and
Switzerland has shown that having tax rebates increases political support for a given tax.

In line with this literature, our model shows that the choice of tax rebates can affect welfare in the presence
of political constraints by shaping agent ¢’s willingness to vote for the tax 7. Given that our primary focus
is to understand the equilibrium interaction between regulatory and financial tools for reducing carbon,
we consider a simple specification of the rebates which involves distributing an equal sum " to each agent

1 so as to equate total tax revenues
1
/ KTdi =R (38)
0

In principle, it could be possible to design rebates in such a way as to increase political support for a tax.
We show in Appendix that such rebates would have to penalize agents ¢ with higher environmental
preferences 7; and compensate those with lower ones. In practice though, the design of agent-level tax

rebates, especially those that involve contracting on preferences, are difficult to implement.

We first determine the benchmark optimal carbon tax in the absence of political constraints. Then, we
determine the median-voter threshold for a given tax rebate choice and we study the problem a regulator

that is constrained to implement a tax that is at most as high as that supported by the median voter.

Agent problem. In the presence of a carbon tax 7, agent i’s utility is
Ui = max Ci(6:) — Tei(di) + k7 — miei(0), (39)

and optimal abatement increases with the tax and is given by
T
¢ )

with 6} = %’ and ¢ > n; + 7 so as to abstract from corner solutions where the technology constraint would
be violated. Substituting into the utility in we get

o =6 + (40)

172 TN;
Ur=U+-——71+
29 ¢

+ k7. (41)
Regulator problem. Welfare in the presence of the tax becomes
1
W = / (Ci(67) — 7e:(67) + KT)di — AET (42)
0

with E7 = fol e;(d7)di. Note that since the carbon tax revenues R™ = fol Te; (07 )di are equal to the total
rebates fol k" di, the second and third terms in the integral cancel out and welfare becomes, after some
rearrangements
172 qr T
Wi=W"——— — — + \—. (43)
2¢ ¢ ¢
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Welfare in is therefore independent of the specification of the rebates and has a unique optimum in
7 = A —17. This is a standard result whereby in the absence of frictions, the redistribution scheme for the
tax revenues does not affect the optimal tax rate (Pigouf (1920)). We show in Appendix the following

PROPOSITION 4. The tax that mazimizes the utilitarian social welfare

W = max W™ (44)

7>0
with W7 as in s T = A —1.

Importantly, the proposition states that the optimal tax is below the Pigouvian benchmark (i.e., the
social cost of emissions A) by an amount that reflects the average green preference 7. This is because the
regulator internalizes that the existence of green preferences affect agents’ investment choices and results
in a certain abatement even in the absence of the tax@ If such preferences were already very high so
that 7 > A, then the regulator would optimally choose 7° = 0. We avoid this extreme case and work in a

more realistic range of model parameters in which A > 7.

4.3 Constrained Carbon Tax

We now introduce the political constraint which means that the tax that the regulator can implement
can be at most as high as that supported by the median voter. We outline below the voting problem and

derive an explicit expression for the median-voter threshold.

The voting problem. As with the simple model, agents i € [0, 1] decide to vote for (against) the
tax 7 by comparing their utility with the tax, U], with their utility in the laissez-faire economy, U;.
Voting is also an action (in addition to investing) so each agent 4 internalizing the emissions associated
with their actions will also internalize the benefit of voting for the tax, and this will be proportional to
the green preference 7;. As before, such benefit is defined as the total emissions reduction achieved by the
tax relative to the laissez-faire, E* — E7, divided by the number of voters in favour of the tax, which we

denote as green voters G and which is determined in equilibrium. Let us define support for the tax as

E*—E7
(T) ~Uy. (45)
—_—
voting benefit

Support; T =U] +n;

So agent i € G votes in favour of the tax if Support; 7 > 0. Substituting the expression for utility in the
presence of the tax U], from 7 and noticing that E* — E7 = i’ agent i votes in favour of the tax if

T 172 TN;
i— +-——T7+—+r">0. 46
771¢g 2% T P K = ( )

The inequality is unambiguously more likely to be satisfied the higher the green preference of the agent

Support; T =

i € [0,1]. Therefore, the equilibrium group of voters supporting the tax can be defined as G = 1 —i, where
1 is the indifference voter whose support that is exactly zero. In order for the tax to be implemented,
the indifference type needs to be at most the median voter ¢ = 0.5. To understand how the support varies

with the tax, let us substitute in the explicit expression for the rebates, k™ = 7(1 — g — g), which

24We must note here that the abatement level reflects the simple average 7 as a consequence of the fact that endowments
are normalized to h; = $1 for each i € [0,1]. If endowments h; were heterogeneous across agents, then there would be an

endowment-weighted average green preference fol w;n;di with w; = ﬁ In such a case, the higher (lower) the correlation
0 k2

between wealth and environmental preferences, the higher (lower) the baseline abatement level achieved in the laissez-faire.
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can be backed from from fol Kdi = fol 7e;(07). We can thus express median voter support a

2r ™™ 1 72 TN0.5

Supportos T="no5— — — — 5 + ) 47
¢ ¢ 29 ¢ 47)

from which we can back out the median voter threshold tax 7.5 by solving for Supportys 795 =0
To.5 = 2(3n0.5 — 7). (48)

The median voter tax threshold increases with the green preference of the median voter 795 and de-
creases with the average green preferences in the economy 7. Figure [7] plots the median voter support as
a function of the tax. The thick black line refers to concave preferences n; = 1v/i, whereas the dotted
black line refers to convex preferences 7; = ni*. The red dots mark the zero support threshold below
which support cannot be obtained from the majority of the population. Note that everything else equal,
convex (concave) preferences imply lower (higher) support for the tax. The intuition is that when green
preferences increase at an increasing rate (convex case) the median voter preference 1 5 is further away
from the mean 7, and the median voter’s preferences are less representative of average preferences. In the
case plotted in Figure [7] that is, when preferences 7; are strongly convex in 4, support from the median

voter is roughly zero and the regulator cannot implement a tax.

Figure 7. Voting Problem

The plot shows the median voter support function in as a function of 7 in $ per ton of carbon. The
thick black line refers to concave preferences 1; = 17v/i. The dotted black line refers to convex preferences
n: = mi*. The red line is the threshold tax beyond which there is not enough support from the majority. The
preference parameter n = $50/ton of carbon. Other model parameters are m = 150 and ¢ = 300.
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We solve in Appendix the problem of a politically constrained regulator who can only implement a
tax that is at most as high as that supported by the median voter. The ensuing constrained optimal tax

is summarized in the following proposition

25In our model, rebates take a specific functional form which is determined by the revenue-neutrality constraint in .
Specifically, rebates increase in a concave manner as a function of 7. Such concavity is important for generating the realistic
prediction that the type ¢ which is indifferent between supporting or not the tax is decreasing as a function of the tax 7. For
example, setting the rebates k™ = 0 in would flip this prediction implying that a higher tax 7 receives more support from
the population. This prediction is a consequence of the fact that, abstracting from tax rebates, marginal benefits from the tax 7
are linear in 7, whereas costs are concave in 7, since each agent can optimally adjust to the tax by choosing a different abatement
technology. This is merely an artifact of our functional form assumptions. Assuming equal rebates is a fairly straighforward and
innocuous way of recovering the intuition that support decreases with the tax but the same would be obtained if the regulator

were to spend the tax revenues on a public good with diminishing returns to scale.
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PROPOSITION 5. The tax that maximizes the constrained utilitarian social welfare

WE = m>a(>)( W™ such that ™ < 795, (49)

with W7 as in and 195 as in (48) is
7¢=min{\ — 7,705} (50)

if 7.5 > 0, otherwise is 7¢ = 0.

Note that unlike the unconstrained result in Proposition [d the optimal carbon tax policy now depends
on the tax rebates through the constraint 795. When the constraint binds, the optimal tax cannot be
implemented. In such a case, we want to understand whether financial markets, that is, lending and
borrowing through carbon-contingent securities can improve welfare by better exploiting heterogeneity in

the distribution of green preferences across agents.

4.4 Carbon-Contingent Financing

Given a certain carbon tax 7, we now derive the conditions under which a market for carbon-contingent fi-
nancing exists and the equilibrium price of carbon implied by this market. We introduce carbon-contingent
securities along the lines of those studied in the simple model. Specifically, we assume that each agent
1 can issue a carbon-contingent security which effectively rewards the issuer for reducing emissions and
imposes a monetary penalty for increasing emissions relative to a benchmark agreed at security issuance.

The payoff to the security issuer is given by

p(€i — ei(i)), (51)

where e;(9;) denotes the issuer i’s actual emissions at time ¢t = 1 and &; = e;(§7) the benchmark emissions

in the counterfactual scenario where the security is not issued and a given carbon tax 7 exists.

For what follows, it is useful to use a compact notation for agent i’s consumption for a given tax 7, security

price p, and abatement technology choice J; as

CIP(0;) = m — ¢(8;) — Tei(ds) + K77, (52)

(2

where k™f denotes the tax rebate in an economy with financial markets, which will be determined in

equilibrium.

Borrower’s problem. Denote B C [0, 1] the set of agents that issue the carbon-contingent contract
and stand to receive a financial compensation if they reduce emissions relative to their benchmark. These
correspond to the borrowers in sustainability-linked debt markets. Denote B; issuer i’s utility for a given

tax 7 and carbon price p, which is given by
B; = rr};ax C:’p(él) — ’177,61(51) + p(éi — 61((52)) (53)

The optimal carbon abatement choice for a given tax 7 and security-implied carbon price p is

677 =67+ 5 51
; (54)
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where ] is the optimal abatement technology choice in the counterfactual economy where a tax
exists and the security is not issued, derived in E Substituting the optimal technology choice back
into the utility in , we show in Appendix that the borrower’s utility can be expressed as

— NitT
¢

1 2
Bi=UT — (k" — k™) + %. (55)

2
Given that the existence of financial markets for pricing carbon reduces tax revenues, the term k7 — k™"
capturing the difference in the tax rebates due to financial markets, will be positive. So although borrowers
1p

2
can monetize their emission reductions through markets, captured by the term 25 the introduction of

financial markets also has the effect of reducing their utility through the loss in rebates.

Lender’s problem. Denote now the set of lenders, which act as buyers of carbon-contingent contracts,
as L C [0,1]—B. Denote ¢; the emissions reduction that agent i is financing through the carbon-contingent
contract at price p, which can also be thought of as the quantity of carbon emissions purchased by agent
i € L. Agent i continues to invest in the abatement technology 67 in so her utility from consumption
is obtained by evaluating consumption in at 67, which is the abatement rate that would be optimal
in an economy with a tax only. Define for expositional simplicity C;*” = C]*(§7) as the consumption
from abating at the tax-only rate, whose expression is derived in Appendix The lender’s problem is

to decide the optimal abatement g; to finance, by solving the problem

L; = max C]"” —n;e;(6]) + n:q; — pgi such that C7"* — pg; > 0. (56)
qi

The constraint is the equivalent of the budget constraint introduced in . From the linearity of the
problem, it follows that

T,P
TP _ T4 :
q;" = if p<m
p (57)

q;"” =0 otherwise.
Substituting the optimal quantity back into the utility in , the utility of lender ¢ given the tax 7 and
the security-implied carbon price p can be expressed as

e
Li=U] = (k" =£"") + (i = p) ;

H{n; > p}, (58)

3

meaning that agent ¢ has a utility gain from purchasing the security if its green preference 7); is stronger

than the market-implied price of carbon p.

Market clearing. Market clearing requires that the total amount of carbon emissions reduction fi-
nanced by the lenders i € £, given by [, ¢;”di with ¢;” as in equates the total emissions reduction

supplied by the borrowers i € B, given by fB(éi — e;(0]°"))di. Optimal abatement in is such that for

5P

;) = £. Therefore, substituting optimal demand and

5
supply as a function of the market price p, market clearing requires that

TP
/Bgdz'/ﬁcz)dz‘. (59)

26Here we continue to abstract from corner solutions in which optimal abatement would be above the technology constraint
0 < 1. The condition for an interior solution is 7; < ¢ —7 — p, and we already assumed that ¢ is large enough so that each agent
i’s preferences verify n; < ¢ — 7. In Appendix we outline the equilibrium in which the technology constraint is violated
such that § = 1.

each issuer i € B, emissions reduction is &; — e;(d
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Equilibrium. In order to pin down the equilibrium price of carbon for a given tax 7, we have to specify
the equilibrium set of lenders £ and borrowers B in the economy. Define the net gains from issuing the
security as the difference between the agent i’s utility associated with issuing a carbon-contingent security
in , i.e. being a borrower, and the utility associated with purchasing the security in , i.e. being a

lender, as
1p2 CTM’
;=B —Li=5— — (i —p)——Uni > p}. 60
54 ( )p { } (60)

If the profits II; are monotonically decreasing in the type ¢, that is if

%Hi <0 Vielo,1], (61)
then the single-crossing property allows us to solve for a cutoft type = verifying II7 = 0 such that the
equilibrium set of borrowers is given by B = [0,2) and the lenders are £ = [z,1]. In Appendix ??, we
provide a sufficient condition for the profits in to be monotonically decreasing in the type 4, which
amounts to assuming that the baseline profits 7 are large enough@ Assume that model parameter are
such that the issuance profits in satisfy the monotonicity condition in Appendix We introduce
the following carbon-contingent market equilibrium

PROPOSITION 6. For a given tax T, the pair (p™,x™) consisting of the market price of carbon and cutoff
type constitutes an equilibrium if these jointly verify the market clearing condition and the indifference

condition, that is

T,p7 3. 1 (pT)Q C::‘,fp‘r
pt=1/— [ C/"di and = = (Npr — p7 ) —E—.
5 9 ( ) o

(62)

Figure 8. Equilibrium carbon-contingent financing as a function of the tax

The plots show the equilibrium rate p” in $/CO2 (left plot) and the cutoff type 2™ (right plot) as a function
of the tax T when preferences are convex 7; = 1i* (dashed line) and concave 1; = n+/7 (thick line) in the type
1 € [0,1]. Other model parameters are n = 75$/C02, ¢ = 300, and = = 150.
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Figure[§|shows the equilibrium price of carbon and cutoff type as a function of the tax 7. Dashed and thick
lines refer to the case of convex preferences (1; = ni*) and concave preferences (1; = 7v/i), respectively.
The left plot shows that independently of the functional form of the green preferences, the market price
of carbon decreases as a function of the tax@ As the market price of carbon decreases with the tax,

the financial profits in that the borrower can make from issuing the security decrease with the tax.

2TThis assumption was already imposed earlier to ensure that each agent i optimally produces at least some emissions e; (i.e.,
it is never optimal to shut down operations).

28This is because a higher tax decreases the aggregate demand for carbon-contingent securities by reducing the budget available
to lenders (see the left equation in (62)).
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Consequently, and as shown in the right plot of Figure [8] the cutoff indifference type, i.e. the fraction of
agents acting as borrowers, decreases as a function of the tax. Taken together, these results suggest that
total abatement generated by financial markets, which is quantified by %, also decreases as a function
of the tax. This is an important result showing that financial markets are less effective in those economies

where there is regulation in place.

Finally, for what follows, it is important to note that for the range of model parameters which admit
interior solutions as assumed in this model, the equilibrium cutoff type z7 is always above the median

voter ¢ = 0.5. This implies that the median voter is typically a borrower of carbon contingent securities.

4.5 Carbon-Contingent Financing and Political Constraints

We now solve for agent i’s voting problem in the presence of financial markets. Tax support depends on
the utility of being a carbon-contingent lender or borrower in an economy with a carbon tax versus one
without, as well as the voting benefit. As in the simple model, the voting benefit is evaluated conserva-

tively, and it depends on emission reductions brought about by tax relative to the laissez-faire, which is
given by ﬂﬂ

Denote L] and B] the lender and borrower’s utility in and , respectively, evaluated at the
equilibrium market price of carbon p” for a given tax 7, while £} and B} denote the equilibrium utilities
when 7 = 0 and p* is the equilibrium market price of carbon when 7 = 0. We can define support for a
carbon tax conditional on the existence of financial markets as

Support, |p = max{L],B] } + n; —max{L}, B}, (63)

-
¢(1 —1)

| S

voting benefit
where the max operator captures the idea that agent ¢ can optimally be a lender or borrower depending
on the utility of doing so. Showing that financial markets reduce support for regulation boils down to
evaluating whether tax support when markets exist, Support; 7|p in , is lower than tax support

without markets, Support; T in , which in turn amount to showing that

max{L}, B} —max{L],B]} > U - U;. (64)

If inequality is verified, the presence of financial markets is said to decrease support for the carbon tax.
In an economy with financial markets, we distinguish between three types of agents i. First, we note that
absent a carbon tax the financial market equilibrium is such that a fraction i € [0, 2*) of agents optimally
act as borrowers whereas agents ¢ € [z*,1] act as lenders. However, introducing a tax will change this
equilibrium and, as shown in the right plot of Figure |8 will shift the indifferent type down to 7 < z*,
meaning that the tax can induce a fraction of agents [z7,z*) to switch from being borrowers to being
lenders. Therefore, agents 7 € [0,z7) act as borrowers in the carbon-contingent market independently of
whether a tax exists; agents ¢ € (z7,z*] act as borrowers in the carbon-contingent market when there is
no tax, but become lenders if the tax 7 is implemented; agents i € [z*, 1], act as lenders independently of

the tax implementation.

Borrower. Consider first the case in which agent ¢ is a borrower irrespective of the tax implementation.
Given the utility specification in , the left term of inequality becomes

29 A more precise emission attribution would include equilibrium adjustments in the abatement generated by financial markets
as a result of the tax. As discussed in the simple model, this would only strengthen our key results, while considerably
complicating derivations, so we stick to the more conservative simplification.
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- 1 *\2 7\2
Bf —BI =Uf —UT + K — K™ +5%, (65)

with the implication that support for the tax decreases in the presence of financial markets for two reasons.
First, because financial markets reduce emissions, they will lower carbon tax revenues in equilibrium, so
each agent i receives lower rebates with markets k™?" < k7. Second, because the market price of carbon
decreases with the tax, p* > p” the profits from issuing the carbon-contingent security also decrease, such
that the %W is positive. Consequently, the inequality is verified and support for the tax
decreases in the presence of financial markets.

Lender-Borrower. There is also the case in which the agent 4 is a borrower in carbon-contingent

market absent the tax, but becomes a lender when the tax is implemented. In such a case, the left term
of inequality becomes

* T * T T 7,07 1(p*)2 T CT’I)T

B = L7 =U =U] + " —£"" +(§ P —(ni—p );77

)- (66)

The term in parenthesis is the difference between the net profits from being a borrower in the market
without the tax and the utility gain from being a lender in the market with the tax. We can prove that this

term is weakly positive for any type i € [27, z]. Recalling the carbon-contingent market equilibrium in
O 10?1
) 3T <3

the presence of the tax, at the equilibrium cutoff type i = 2™ we have that (n; —p

P2

and the term in parenthesis is strictly positive. On the other hand, for ¢ = x* the term in parenthesis
is exactly zero. By continuity and monotonicity, the last term is strictly positive for any interior type
i € (27,x). Given that the tax rebates term k™ — kTP is also positive, inequality is verified and

financial markets decrease support for the tax in this case too.

Lender. Finally, when agent ¢ is a lender irrespective of the tax implementation, we can write the left

term of as

. Cr cre’
Li—LI=Uf U+ K" —r" + ((m —p") pi —(mi — pT);f), (67)

where C7 is the utility from consumption obtained by evaluating C7”(4;) in at 7 =0, §; = &
and p = p*. The term in parenthesis is the difference between the lender #’s utility gain in an economy
without a tax and one in which a tax exists. Recalling that each lender ¢ purchases an optimal equilibrium

* T 07
quantity of emission reductions ¢; = (pji without the tax and ¢;” = C;T with the tax, this term can be

re-arranged as
mile; =" ) = (p"a; =) (68)

The first term in is the difference in the lender ¢’s utility from financing emissions reduction without
and with the tax. We show in Appendix that the optimal emissions reduction financed by the lender
decreases with the tax, such that ¢f > ¢]” T The second term in is the difference in the lending
cost without and with the tax. Since ¢f > ¢;” " and p* > p7, this term is also positive and progres-
sively larger than the first term, the higher the tax 7. Therefore, the expression in is negative and
increasing in magnitude the higher the tax 7. Put differently, as the level of the tax becomes higher, the
reduction in the cost of lending brought about by the tax (second term in ) outweights the utility loss

T

T TP
30Recalling that ¢ = Cj? —, note that a higher tax decreases both the numerator as well as the denominator. However,

the consumption budget C;” " available to the lender decreases in T at a rate which is higher than the rate of decrease in the
carbon price p”.
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caused by being able to finance a lower quantity of emissions reduction (first term in ) Therefore,
the term in parenthesis in is negative, which increases lender’s preference for the tax. However, the
term in representing the difference in tax revenues, k™ — k™, is positive and therefore drives the
lender’s preferences away from the tax. The relative magnitude of the second and third terms in (]@ will
determine whether the lender’s support for the tax in is eventually higher or lower than its support
in the baseline economy without financial markets. Either way, for the high types i € [z*,1], the voting
benefit in is high enough to make the tax 7 always desirable.

In sum, our model suggests that agents with strong environmental preferences, who act as lenders in
carbon-contingent markets, will not experience a decrease in support for the tax. Empirically, Heeb et al.
(2023b)) study the relationship between market-based solutions for combating climate change and political
support for environmental regulation by conducting a survey on the Swiss population, which is one with
strong environmental preferences. The authors find that giving people the option to carry out green
investments (i.e., in our model terms, be lenders in the carbon-contingent market) does not reduce their
support for a carbon tax, which is in line with our model predictions. However, our model also shows
that agents with weaker environmental preferences, which optimally act as borrowers in the carbon-
finance market will decrease their support for the tax, as they have the possibility of monetizing emission
reductions in financial markets. In most markets, such agents with lower environmental preferences and
are arguably more representative of the median voter. Indeed, our quantitative model suggests that the
marginal voter is typically a borrower of carbon-contingent securities. This is because in the region of
admissible model parameters which admit interior solutions for (p7,z"), the cutoff type typically satisfies
2™ > 0.5 for any 7 sufficiently large, implying that the median voter support function in reflects that
one of the borrower in . Therefore, the median voter support function is

Supporty.s T|p = Supportys T — (K7 — RT”)T) — ;(p*)Q;(pT)Z (69)
Recalling the expression for Supportgs 7 in and substituting the tax rebate term x™* = k7 —
T fOIT %di for a revenue-neutral tax, we can solve for the median voter threshold tax 75 beyond which
support from the majority is lost (i.e. the tax verifying Support, s7|p = 0). The latter satisfies the
implicit expression
Fo.5 pT05 _ (P*)* — (P%°'5)2.

- (70)
T0.5

70.5 = To.5 — 2p

The median voter threshold 7y 5 is lower than that the threshold without markets, 795. This can be
observed by noticing that when 7y 5 > 795, the second and third term in are both negative hence the

right-hand side is lower than 7( 5 and the equality cannot be satisfied.

Figure@shows the new support function of the median voter in (blue line) against the baseline support
function in (black line) for the case of concave preferencesﬂ As discussed, when the median voter is
a borrower the reduction in political support for the tax is unambigously reduced by the introduction of

financial markets.

4.6 Constrained Carbon Tax with Carbon-Contingent Financing

As in the baseline model, the regulator is subject to a political constraint in that it must propose a tax

which is supported by at least half of the population. The regulator’s welfare function in the presence of

1 . . . . . .
31The case of convex preferences is excluded since, as illustrated in Figure [7] tax support was zero even in the absence of
financial markets.
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Figure 9. Voting Problem

The plot shows the median voter support function in (black line) and the median voter support function
in (blue line) as a function of 7 in § per ton of carbon. The blue thin line is the support function in
where the contribution of the rebates component k™ — k7P is set to zero. The red line is the threshold
tax beyond which there is not enough support from the majority. Preferences are assumed concave n; = nv/i
with n = $50/ton of carbon. Other model parameters are m = 150 and ¢ = 300.
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carbon-contingent financing can be expressed as follows

1

W= / (Cala7?" ) =reald] )47 o7 (ei—ei6] ’PT>>)d”+/
0 x

T

(01(5;)—761-(5;)%7#—qu; ”’T)di—)\ET”’T
(71)

with C;(-) = 7™ — ¢(-), optimal abatement J;” = 67 + % and total emissions E™" = ET — %. The first

integral captures the total consumption of borrowers i € [0, 2], which consists of output from investing in

the abatement technology 4; T, the tax rebates, and the financial reward from reducing emissions beyond

the counterfactual benchmark, net of the carbon tax. The second integral captures the total consumption

of lenders i € («7,1], consisting of the output from investing the technology d7, the tax rebate, net the

tax payment and the amount invested in carbon-contingent securities. Recalling that lenders optimally

purchase carbon-contingent securities until they meet their budget constraint, this second integral is zero.

Substituting the market clearing condition in the financial rewards from issuing carbon-contingent
7,07
i

tax, the expression in can be simplified, as we show in Appendix to

securities, p7(e; — e;(d;” )), and recalling that the tax rebates k™* equate the total proceeds from the

-

“Sr [T mpm T L(pT)?N . Tl
=W — - di+ A
W™ =W /0(¢+¢+2¢>z+ 5 (72)

The first term is the regulator’s welfare function in the absence of financial markets, as outlined in .
The second term represents the increase in total abatement costs due to the presence of financial markets@
The third term is the social benefit achieved from the additional emissions reduction. When deciding the
optimal tax, the regulator weights this benefit against the increase in the total abatement costs, which
increase as a function of the tax because of the interaction term %. We prove in Appendix the

following

32This term exists because of convex abatement costs, which imply that it is progressively more expensive to reduce an
additional unit of emissions. Convex abatement cost curves have been empirically estimated in the literature (see [Du et al.
(2015)) for the case of China) and are necessary in our setting to provide interior solutions. A linear specification would collapse
the problem to the simple setting outlined in the previous section.
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PROPOSITION 7. The optimal carbon tax maximizing the requlator problem

W° = max W™ (73)
7>0

with W7 as in is given by

i+ p°e(1+ 503 +119) + (p2a° + p°a2) (50° + 11°)
1+ (pga”™ + p°x?2)

TO=A= (74)
with p° and z° the equilibrium prices and cutoff type evaluated at T = 7°, p2 and x2 the derivatives
evaluated at 7 = 7°, the term n° = 1%, fom nidi and 72 its derivative evaluated at T = 7°.

The constrained carbon tax maximizing the requlator problem

—

WE = m>a())< W™ such that T < 7Tos5 (75)

with To.5 the median voter threshold in , s given by
7A'c = min{i’o, 710.5} (76)

if To.5 > 0, otherwise is 7¢ = 0.

Appendix [B:4] shows that the unconstrained optimal tax 7° in the presence of financial markets is lower
than the counterfactual tax without financial markets, 7 = A — 7. In other words, financial markets
reduce the need of regulatory intervention because a fraction of emissions will already be reduced through
carbon-contingent financing. In fact, it is possible that this reduction is sufficiently large to make the
unconstrained tax 7° in negative, implying that the regulator imposes no tax, that is, 7¢ = 0@
However, we need to recall that markets also reduce political support for a given tax, as the median voter
threshold 7y 5 in is strictly lower than 7 5. In sum, on the one hand, financial markets increase the
stringency of the political constraint by reducing the median voter threshold, 7.5 < 79.5. On the other
hand, markets reduce the need for regulatory intervention in the first place, 7 < 7°. The equilibrium
implications of introducing financial markets on welfare and carbon emissions thus depend on the relative

magnitude of these two effects.

The following proposition summarizes the possible scenarios relative to a counterfactual economy without
financial markets.

PROPOSITION 8. Suppose that A — 7 > 0 so that the implementation of a carbon tazx in the baseline

economy is always desirable. Then the following scenarios are possible:

1. If 7¢ = 7°, then the economy without financial markets is not politically constrained and W¢ = W°.
In such a case:

(a) if 7° < 0, then the economy with financial markets cannot implement the tazx, i.e. 7¢ = 0.
Relative to the counterfactual economy without markets, which can implement the unconstrained
optimal tazx, welfare is lower We < W¢ and emissions are also lower E¢ < E°.

(b) if 705 < 0 < 7°, then the economy with financial markets cannot implement the taz, i.e. 7¢ = 0.
Relative to the counterfactual economy without markets, which can implement the unconstrained
optimal tazx, welfare is lower We < We€, whereas emisstons are higher Ec> E°.

(c) if 0 < 7° < Ty.5, then the economy with financial markets can implement the optimal taz, i.e.

7¢ = 7°. Welfare We is marginally higher (lower) than that in the counterfactual economy with-

33We exclude the possibility of negative taxes as unrealistic in practice.
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out markets W€ if environmental preferences 1; are concave or linear (convex) in i. Emissions

E° are approximately equal to those in the counterfactual economy without markets, E°.

(d) otherwise, the economy with financial markets can only implement the politically constrained taz,
i.e. 7¢ = T9.5. Relative to the counterfactual economy without markets, which can implement the

unconstrained optimal tax, welfare is lower W¢ < W€, whereas emissions are higher Ec > Ee.

2. If 7¢ = 195, then the economy without financial markets is politically constrained and W¢ < W°. In

such a case:

(e) if 7° < 0, then the economy with financial markets cannot implement the tax, i.e. 7¢ = 0. Rel-
ative to the counterfactual economy without markets, which can only implement the constrained

tax, welfare is higher We > We and emissions are lower E¢ < E°.

(f) if Tos <0 < 7°, then the economy with financial markets cannot implement the taz, i.e. 7¢ = 0.
If the abatement achieved through financial markets satisfies p*x* > 195 (p*x* < T05), then
welfare W€ is higher (lower) relative to the counterfactual economy without markets W€, whereas

emissions E° are lower (higher) than those in counterfactual economy E°.

(9) otherwise, the economy with financial markets can only implement the politically constrained
tax, i.e. 7¢ = Tg.5. Relative to the counterfactual economy without markets, which can only im-

plement the constrained tax, welfare is lower W¢ < W€, whereas emissions are higher Ec > E-.

In Appendix [B:4] we provide a proof of Proposition 8 based on an approximation of the equilibrium tax
rate in . When an optimal tax can be implemented, introducing financial markets can provide at best
a marginally higher welfare than the counterfactual economy without markets. This occurs in scenario
1.(c), which is when the abatement provided through financial markets does not significantly alter equi-
librium support for the tax nor does it make the optimal tax negative. The marginal difference in welfare
achieved by this economy relative to the counterfactual depends on the distribution of environmental pref-
erences which are reflected in different costs of abatement associated with financial markets (mid term in
equation ) When preferences are linear or concave in 4, abatement costs are typically lower, resulting
in a marginally higher Welfare@

If the abatement provided through financial markets is sufficiently large to make the tax redundant (that is,
scenario 1.(a)), then the regulator imposes no tax, i.e. 7° = 0. In such a case, we show that the emissions
reduction is higher than the benchmark achieved with the tax only, resulting in lower aggregate emissions.
However, such extra abatement is inefficient from the point of view of the regulator, as it comes at higher
costs than the social cost of carbon A. Consequently, welfare in such a scenario is lower than welfare in the
unconstrained scenario without financial markets. However, if the abatement provided through financial
markets is such that the tax is positive 7° > 0 and greater than the median voter threshold 755 < 7°,
we are in the worse case scenarios in which financial markets have the primary effect of reducing support
for the tax while not supplying significant emissions reduction relative to the counterfactual (these are
scenarios 1.(b) and 1.(d) in Proposition . In other words, the emissions reduction provided through
markets is not sufficiently high to make the tax redundant but support for regulation is reduced to make
the economy politically constrained. In such scenarios, equilibrium emissions reduction as well as welfare
are lower than in the counterfactual economy without markets, which can implement the unconstrained
optimal tax. This result illustrates that the introduction of markets can have a backfiring effect which

emerges only when we take into account the equilibrium implications on the voting decision.

34We show this formally in the Appendix. Intuitively, the total abatement costs introduced by financial markets are the sum
of the additional abatement costs faced by each borrower ¢ of carbon-contingent securities. The latter increase in i € [0,27] as
a function of n;. Because of the Jensen’s inequality, the sum of convex 7; is higher than the sum of concave 7;.
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Figure 10. Reducing Carbon: Carbon Tax vs Carbon-Contingent Financing
The y-axis shows the equilibrium welfare (top plots) and emissions (bottom plots) achieved by an economy
with the carbon tax only (black line) and by an economy with the combined presence of financial markets
and the tax (blue line). The x-axis shows the unconstrained optimal benchmark tax 7° = A — 7 in $ per ton
of carbon for varying values of the social cost A. The left top and bottom plots refer to the case of concave
preferences n; = nv/i for i € [0,1], for which the optimal tax 7° = A — 7j can always be implemented (case
1. in Proposition 8). The right top and bottom plots refer to the case of convex preferences 7; = nit for
i € [0,1], for which the optimal tax 7° = X\ — 7] can never be implemented (case 2. in Proposition 8). Other
parameters are 7 = $75 per ton of carbon, ¢ = 300, = = 150.
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These cases are illustrated in the left top and bottom plots in Figure which show the equilibrium wel-
fare and carbon emissions with financial markets (blue line) and without financial markets (black line).
The x-axis is the reference unconstrained optimal tax 7¢ = A — 7, which increases as a function of the
social cost of carbon parameter A for a given distribution of preferences. As observed, when the social
cost A is low so that the abatement provided through financial markets is more than what is efficient for
the regulator (scenario 1.(a)), welfare is lower but financial markets achieve a higher emissions reduction
than the counterfactual economy. On the other hand, when the social cost X is very high, the abatement
provided through financial markets does not exceed what is optimal for the regulator, yet the political
support for the tax decreases to the point of making the implementation of the unconstrained tax unfeasi-
ble (scenario 1.(d)). In the intermediate region, the introduction of financial markets provides equivalent

outcomes in terms of welfare and emissions relative to the counterfactual without markets.

Finally, when the baseline economy does not support the implementation of a carbon tax, then there is
scope for financial markets to provide a strictly better alternative to the tax only. This occurs in scenario
2.(e) and 2.(f) and is illustrated in the right top and bottom plots in Figure When the abatement
achieved through financial markets alone, captured by p*z*, is higher than that achieved through the
constrained carbon tax implemented in the counterfactual economy, captured by 7 5, then both emissions
reduction as well as welfare are strictly higher. However, if the abatement provided through financial

markets is low, we are back in the negative scenario whereby financial markets tighten the political

33



constraint without supplying sufficient emissions reduction, which results in lower welfare and higher

emissions relative to the politically constrained counterfactual without financial markets (scenario 2.(g)).

5 Conclusions

We start by proposing a baseline model in which financially- and environmentally-motivated agents can
invest their endowments in polluting or non-polluting technologies, with the latter being less profitable
than the former. We show that a carbon tax corrects the laissez-faire allocation in which the polluting
technology is adopted by standard agents, and has the effect of increasing welfare and decreasing emissions.
If there is no political support for a carbon tax, carbon-contingent financing provided by environmentally-
motivated agents can effectively substitute the carbon tax. Whether the financial market solution partially
or fully substitutes regulation depends importantly on the endowments of environmental agents who, by
lending to financially-motivated agents via carbon-contingent contracts, are essentially subsidizing their
transition to the non-polluting technology. We show that when environmental agents are endowed with
sufficiently large funds, financial markets circumvent the political constraint achieving the same welfare
and the same emissions reduction as the unconstrained optimal tax. Pricing emissions through financial
markets also creates welfare gains when environmental funds are small, provided that the political con-
straint is binding. Importantly though, although financial markets do not affect voting outcomes in this
linear model where regulation or financial market tools for pricing carbon cannot co-exist, we show that
support for the tax decreases on the intensive margin. This suggests that financial markets may have
possible negative consequences on welfare and carbon emissions in a model that supports the intensive

margin interaction between regulatory and markets tools for pricing carbon.

We therefore extend the model to a continuum of agents with heterogeneous environmental preferences
and production technologies with emissions that can be reduced at a convex abatement cost. We study
the case of a regulator which is politically constrained in implementing a revenue-neutral carbon tax which
involves redistributing the revenues from the tax equally across voters. Solving for the agents’ financing
and investment decisions while taking into account the financial markets’ response to the tax, we show that
taxation and carbon-contingent financing can co-exist and derive the implications in terms of welfare and
aggregate emissions. They are still characterized by a substitution relationship, and the share of emission
reduction enabled through carbon-contingent financing is smaller the higher the tax, suggesting that such
capital flows are best directed to unregulated markets where they can have more impact. However, as
implied by the linear model, we show that financial markets reduce agents’ willingness to vote for the tax.
In equilibrium, such effect can result in actual welfare losses if the baseline economy without financial
markets can support the implementation of an optimal tax, or if the abatement provided by financial
markets is not large enough. In addition to providing a quantitative analysis of the channels introduced
in the simple model, the extended model highlight the role of tax rebates on the political support for the

tax and the interaction with financial markets in equilibrium.
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A Simple Model Robustness

A.1 Agent Preference Variations

Let us condier the case when agents internalize global emissions, such that standard agents’ utility is
Uy =C1—\E
and environmentally-oriented or green agents’ utility is
Uy =Cy — AE —nes.

Note that whereas the environmental entrepreneurs dislike the emissions associated with their actions and
which they feel responsible for, both types of entrepreneurs are affected by total carbon emissions. The
latter can be conceptualized as capturing a global climate shock that affects them irrespective of their
preferences and over which they have no control. Thus, entrepreneurs are atomistic with respect to the
global climate shock, which can be thought as a natural disaster or the negative effects of pollution on
health which affect the entire population.

Regulator maximizes utilitarian social welfare given by
W =60C;+ (1-0)Cy — \E. (77)
where A is exposure to global emissions, interpreted as climate shocks, and E = fe; + (1 — 6)es.

The Voting Problem. The agents’ utilities in an economy with a carbon tax are U] = gh; — AE” for
t = 1,2. On the other hand, in the laissez-faire economy the standard agent’s utility is Uy = why — AE*
and for the environmental agent is Uy = gha — AE™. The standard agent votes for the tax if U] > U7.

Ul —Uf=—(r—g)hi + M(E* —E") = —(m —g)h1 + N0hy >0 if N0 >m—g.

So, the standard agent supports the tax if A\ > = — g but does not support it otherwise.
On the other hand, the environmental agent internalizes the possible emission reduction associated with

its action to support the tax and votes in favour of the tax if

E*—E7
vi 0y > s
—_——

voting benefit

which can be rewritten as

E* — E7)

)\(E*—ET)—i—n( — = Mhy(1+—1)>0

1-6

So the environmental agent always votes in favour of the tax. The median voter threshold is therefore

m—g if <05
To5=m—g if §>05 and m—g <A (78)

0 otherwise.

The Voting Problem with Markets. Let us consider first the case in which there are sufficient funds

to finance the transition of all standard agents. Standard agent, who act as borrowers, prefer markets
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since

By = ghl + ph1 > U{ = gh1 (79)

The environmental agent’s utility, who acts as lender, is

Ly = ghs + (1 = p)gz — AE? = ghy + (n — p) hy (80)

1-46

and the agent votes for tax if

AFE
U; + Um > Lo
——
voting benefit

e If the voting benefit depends on AE = E* — E™ = 0hy, then the green agent votes in favour of the

tax

0 0 0
gh2+771_9h1>gh2+771_9h1—p1_0h1 =

0>—p

i (81)

e If the voting benefit depends on AE = E? — E™ = 0, then the green agent preferes markets

gha < gha + (1 —p) hi

1-6

so if there is no voting benefit both agents prefer markets and there is no support for the tax.

In sum, if carbon-contingent markets are big, we can have a situation when the standard agents does not
vote for the tax while the green one does. This occurs when the benefit of voting for the tax is evaluated
relative to a laissez faire economy. However, if the voting benefit is evaluated relative to the economy
with markets, which in this case can reduce all emissions, then there is no voting benefit and both agents

prefer markets.

Let us now consider the case when there are insufficient funds to finance the transition of all standard

agents. The standard agent’s problem, who acts as borrower, is
Bl = gh1 + ph1 — )\(9 — Gd)hl > U{ = ghl (82)

so the agent prefers market if p =7 — g > A(0 — 04).

The green agent’s utility, who acts as lender, is

0
Ly = gha + (1 —p) 1 j9h1 = A0 = 04) 1 (83)
e If the voting benefit depends on AE = E* — E™ = 6hq, then the green agent votes in favour of the

tax if

6 6
gha +1 hy > gha + (1 = p)—"=h1 — A0 — 0a)ln

1-0 1—0

0—6 0
0> —n—— edhl - pidehl — A0 — 04)hy (84)

so the green agent votes in favour of the tax. However, by comparing with we can see that

tax support is even stronger when carbon-contingent markets are small, which is in line with the

baseline model.
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o If the voting benefit depends on AE = E — E™ = (0 — 04)h1, then the green agent prefers tax if

0 — 0q)h 0
gho + 0 E I s (= )2y = A0 — B0
1-0 10
0 — 20 6
0> =g hi + pr—5hi = M0 — ba)la

In sum, if markets are small, agents’ preference for the market solution decreases.

A.2 Welfare Variation

W =0U; + (1 —0)Us — \E.
Welfare with a tax is

W = 0ghi + (1 — 6)ghs

Welfare with financial markets and sufficient funds
W = 0ghy + (1 — 0)gha + nbh,

is higher than with tax and higher than laissez-faire.

Welfare with financial markets and insufficient funds

Bah
(6 — 6a)mhy + Ba(gha + ph1) — (1= 6)(ghz + (0 — p) T

= Orhy + (1 —0)ghs — (m — g)0qh1 +n0gh1 — (0 — 04)
= 97‘(‘h1 + (1 — 0)gh2 + [)\ — (’ﬂ' — g)]gdhl + n@dhl — )\9h1

w

) = A0 —ba)hy

is higher than in laissez-faire and higher than economy with tax if (n — p)fq > A(0 — 04).

A.3 Security Payoff Specification

Consider security payoff with exchange of principal and fixed rate
rdy — p(éi — 65))

The Borrower’s Problem. A borrower entering contract can get rewarded upon reducing
emissions below the benchmark. Consider first the case of the standard agent ¢ = 1. If there is no carbon
tax 7 = 0, then benchmark emissions in are €; = hp and the standard agent can profit if she produces
less emissions relative to this benchmark, that is, if €/ < €. The problem solved by the standard agent

if it were to borrow d; through the issuance of carbon-contingent debt is

B, = max wlz + gly — 7dy + p(h1 — I;) such that I, + I < hqy +dy, (85)

which yields solution Iy = hy+d; if p > m—g,and I, =0 otherwiseﬁ When determining whether or not
to issue a carbon-contingent security, the agent compares the utility from borrowing with the utility in the
laissez-faire economy with no carbon tax and no markets U = wh;. If the price of carbon implied by the

carbon-contingent debt contract is sufficiently high to incentivize the transition to the green technology,

35Here we implicitly assume that when indifferent on the intensive margin, that is, when p = m — g the agent always prefers
to implement the green technology. Relaxing the assumption does not change the equilibrium outcome.
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i.e. p > m — g, the utility of the standard agent who acts as a borrower is
Bi = g(h1 +di) — 7d1 + ph1 = (g + p)h1 + (g — T)d1 = wh1 + (9 — T)dx, (86)

which is higher than the utility from using internal finance only, U = 7why, if ¥ < g. However, if the
contingent rate is not sufficiently high to incentivize switching to the green technology, i.e. p < m— g, the

standard agents’ utility from borrowing is
Bl = 7T(h1 -+ dl) — ’Fdl — pdl = 7Th1 — Fdl -+ (7T 7p)d1 > 7Th1 — (ffg)dl, (87)
which is higher than the utility from using internal finance only, Uy = whq, if 7 < g.

If there is a carbon tax, then the standard agent’s benchmark emissions are €, = 0, and her utility from
borrowing is
Bl = max wlz +gly — 71 — Fdy — pI; such that I, + I; < hy + dy, (88)

g
which yields Iy = hy 4+ dy if 7+ p > m — g. This holds at the optimal tax 7 = 7 — g, with the implication
that the agent will optimally invest in the non-polluting technology irrespective of the rate p. Thus, there
is no contingent component associated with the payoff in , which will simply degenerate into a fixed
payoff 7dy, with the agent being willing to borrow if 7 < g, i.e. B] = g(hy +d1) —7dy > U] = ghy. In
other words, the debt contract is reduced to a plain vanilla contract with a fixed rate and serves no role
in incentivizing emission reductionm We abstract from such equilibria that do not entail a technology

shift or a contingent payment.

Consider now the case of the environmentally-oriented agent ¢ = 2, who internalizes the emissions associ-
ated with her actions. If through borrowing the agent reduces her emissions she will register a utility gain
proportional to this reduction and the green preference parameter, i.e. n(éz2 —e5). However, independently
of whether a tax exists or not, this green agent prefer to invest in the non-polluting technology so her
benchmark emissions in the absence of external financing are é; = 0 and she cannot reduce emissions
further. Because of the technology constraint which does not allow producing negative emissions, the best
she can do is keep investing in her preferred green technology and enable other agents to reduce their
emissions by participating in carbon-contingent financing markets.Upon issuing the carbon-contingent

security, she faces the following investment problem

B; = max 7l + gl, — 71, — Tds — pI. —nl; such that I, + I, < ho + ds. (89)

7ilg
Investing in the green technology is optimal if 74 p+n > m—g, which holds for any tax 7 > 0 or contingent
rate p > 0 since n > m — g. So there will be no contingent component associated with the payoff in ,
which will simply degenerate into a fixed payoff 7d,. For the environmental agents to be willing to borrow,
it must be that the fixed rate satisfies ¥ < g i.e. that is when By = BY = g(ho+ds)—7dy > Uy = U] = ghs.

We now determine the equilibrium market price of carbon implied by the lending rate p, the baseline

return 7, and the supply of credit to the standard agent ¢ = 1 by solving the lender’s problem.

The Lender’s Problem. Standard agents ¢ = 1 decide the optimal amount of lending d;, and invest
the remainder hy; — d; in their preferred technology. An individual lender 7 is responsible for a share g;

of the carbon emission reductions generated through carbon-contingent markets, which is determined in

36We assume a technology constraint whereby emissions can be at most reduced to zero and cannot be negative.
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equilibrium. If the standard agents were to act as lenders, then their problem would be

L1 = max (7 — 7)(hy — dy) + 7dy — pq1, (90)
d1<hy

If the borrower were an environmental agent or a standard agent subject to a carbon tax, the emission
reduction financed was g1 = 0. In such scenario, the standard agent is willing to lend at the fixed interest
rate 7 > ¢ in the presence of the tax 7 = m — g, or at the rate 7 > 7 if there is no tax 7 = Om The utility
from lending to another standard agent which can deliver a positive emission reduction ¢; > 0 (i.e., in
absence of the tax) is strictly lower than that from not entering the contract for any p > 0 and any fixed
rate that would be acceptable by the borrower (which must satisfy 7 < g). Therefore, plain vanilla lending
at the rate ¥ = g (to environmental agents or standard agents subject to a tax) could occur in equilib-

rium but we abstract from such equilibria which do not involve a technology switch nor a contingent payoff.

Environmental agents ¢ = 2 decide the optimal amount of lending ds, and invest the remainder hs — ds in
the green technology. They receive a variable payoff, 7dy — pga, which depends on the carbon emissions
reduction enabled through carbon-contingent markets in equilibrium. Given that the environmental agent
generates no emissions by investing in her preferred green technology, she will only internalize the emissions
associated with lending, which are captured by the equilibrium emissions associated with the carbon-

contingent security, g>. The environmental agent’s utility from acting as a lender is
Lo = max g(hy — do) + Fds — pga + 142, (91)
d2<ha

where the first term is the return from investing in the green technology, the subsequent two terms are the
cash flows associated with the contingent security, and the last term captures green preferences related to
the emissions associated with the agent’s lending action. This lending problem is subject to the financing
constraint

g(he — d2) + 7da — pg2 > 0, (92)

which captures the idea that although this class of investors may be willing to reward emission reductions,

they will only do so up to the point that they deplete their wealth.

From , it follows that the fixed indifference rate at which the environmental agent is willing to lend
any amount ds € [0, ho] must satisfy 7 > g, i.e. Lo > U* = U = gha. The rest of the analysis is the same
as in the main body of the paper.

A.4 Voting Benefit Variation

When markets are sufficiently large to fund transition of all agents, emissions are zero and relative to this
counterfactual markets provide no additional emissions reduction benefit and the voting benefit in is

zero. Consequently, the support of environmental agents becomes

9
Supporty 7|p = Uy — (gha + (n — p)——h1) = —(n —p) hy (93)

1-46 1-46

which is even lower than that in .
When carbon-contingent markets are small and can only fund the transition of a fraction of standard

3TThat is because with a tax the rate must satisfy £] = g(h1 — d1) + 7d > U] = ghi and without a tax it must satisfy
L1 =7T(h1 *d1)+77‘d1 > Uf = Th.
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agents and thus partially reduce aggregate emissions, support is

00 0
h) = nq—g b+ P g,

0—6
Supporty T|p = U] + n?dhl — (gha +(n—p)

_Jd
0 1-6

meaning that support for the tax is even lower relative to the case in (31)).

B Extended Model

B.1 Welfare without Financial Markets

Proof [Proposition 5]. In the absence of financial markets, welfare for a given tax 7 reads

1

W = / (Ci(8T) — 7e4(87) + K™)di — AE” (94)

0
with C;(67) = m — $¢(67)?, total emissions E7 = fo €;(07)di and §7 = ";”. Substituting these terms
and recalling the revenue-neutrality condition fo KTdi = = fo Te;(0]) we get
1
1 2n; T
WTZ/(TF (771+T+77 )\/ erTdZ
0 2 ¢

:/01(77—;77’2)051 A/01(1—¢i)di—/ (;; : )dz’—i—)\/Ol;di (95)

Therefore, the welfare gain W™ — W* is zero for 7 = 0, increasing in 7 € [0, A — 7], reaching a global
maximum in A — 7, and decreasing for 7 € (A — 77, 2(A — 77)], reaching again zero in 2(A — 77). Given the
choice of constant tax rebates k7 across agents i € [0, 1], we showed in the main text that each agent i’s
willingness to support the tax increases monotonically in i. Therefore, the political constraint is expressed
in terms of the maximum tax 79 5 that makes the median voter ¢ = 0.5 indifferent between supporting
or not the regulation. Any tax 7 strictly higher that 7g 5 violates the political constraint. It is therefore
immediate to see that if 795 € (0, A — 7]), the highest welfare gain that the regulator can achieve is when
T =10.5. If 79.5 < 0 then the regulator can only impose 7 = 0, whereas if 79,5 > A — 7 then the regulator

can maximize welfare by imposing a tax 7 = A — 7.

Rebates Design

For a generic distribution of rebates «], the regulator’s problem can be expressed as

1
max WT such that / (1{Support; T > 0})di > 0.5. (96)
T 0

with W7 as in and support for the tax (45)
Support; T =n,— + = — —T+%+K§. (97)

Suppose that the regulator decides to allocate the tax proceeds heterogeneously across agents in such a

way that each agent ¢ is indifferent between voting or not for the tax. For all voters to support the tax,
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i.e. G =1, the tax rebates ] should verify

Support; T = ST -+ k] =0. (98)

o 24 ¢

Solving for k] we get
(99)

Note that the first term 7e] is the payment that the regulator receives from agent ¢ whereas agent’s green
preference 7; enters the rebate negatively, with the implication that agents with lower green preferences
will receive higher rebates and viceversa. The regulator’s budget constraint imposes that the total rebates

do not exceed the tax proceeds, that is

1 1 1
i 1 . .
/ kidi <RT +— / T(ej — Ty fz)dz < / Te; di. (100)
0 0 ¢ 29 0

The inequality is verified provided that the average green preference satisfies %)\ < 7. Furthermore, as
discussed around Proposition [4] the average green preference must also satisfy 77 < A, so the admissible
range of values for average green preferences is 7 € [%)\, A]. In such a case, an agent-specific tax rebate

can circumvent the political constraint.

B.2 The Financing Problem

The borrower’s problem. From the point of view of an issuer of the carbon-contingent security, for a

given carbon tax 7, the abatement problem reads

B, = max T — &(0;) — Tei(8;) + K7 — mie;(6;) + p(é; — €;(6;)) such that §; <1, (101)
with §; < 1 a technology constraint which captures the idea that abatement can at most reduce emissions
to zero (but not negative), K™ the lump-sum payment tax rebate when markets exist, and &; the bench-
mark emissions that agent ¢ produces if not issuing the security. As for the simple model, the implicit
assumption is that when determining whether or not to issue the security, the agent i acts as atomistic
and takes the lump-sum payment £™* as given. This is because a change in agent i’s financing strategy
has a negligible impact on total emissions and thus on the tax proceeds in equilibrium. Solving for the
optimal abatement we get
p

5P =oT+ 2t L 5T <1 102
s £ (102)

and ;" = 1 otherwise.
We first consider the case in which the technology constraint is not violated and the problem admits an
internal solution, i.e. §;” < 1, which is the case we focus on in the paper. Substituting the optimal

abatement choice in the utility problem (101)), and noting that e;(0;”) = ¢;(67) — £ = & — &, we get

Bi=m—o(6;") - (77i+7)ei(627’p)+pg+ﬁw
2 .
=m—¢(0]) — 17 _ M — (i + ) (e (6T) — B)-i—pﬁ e
29 ¢ AR
1p? (103)
:7'(_(;5(617‘—)_(772"‘!‘7')62‘((5;—)—{—554_577/3:‘:57
1 p?
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On the other hand, if the technology constraint is violated and a corner solution is obtained, i.e. §;” =1
such that e(8;”) = 0, the utility is

Bi=m—¢(6;") — (mi +7)ei(6]") + p(1 —&]) + ™
1 (104)
:7r—§¢+p(l—5iT)—|—/<:T’p.

The lender’s problem. From the point of view of the lender, abatement strategies are kept fixed and

the investment problem simply reads
L; = maxC]"” —n;e;(67) + niqi — pg; such that C7* — pg; > 0, (105)
qi

with C” the consumption evaluated at the abatement rate which would be optimal in a tax-only econ-
omy 67, namely C7* = CI"?(67) = 71— ¢(67) —1e; (67 ) + K. Solving for the optimal quantity of emissions
financed

TP

C! .
;) if i > P,

e R Y (106)

0 otherwise.

which yields

Li=Cl" —mniei(67) + (i — p)g;”
=7 —¢(6]) — Tei(d] ) + KT —mie;(07) + (i — p)g; " £ KT (107)
= U] = (k" = £"") + (i — p)a; "
Single-Crossing Condition. Let us focus on the case in which the abatement problem of the issuer

admits an internal solution (i.e., the technology constraint is not violated). The net gains from issuance

of the carbon-contingent security are

2
p .
I, =8,—L; = — — (n; — e 108
% (n: = p)a; (108)
We want to prove that
0
—II; <0 109
% (109)
for each ¢ € [0,1]. The first term in (108) is a constant function of the type i. On the other hand, the

second term in (108) is equal to zero if 7; < p and equal to (n; — p) Ci;p for n; > p. To prove ([109), it is

therefore sufficient to prove that

d T
7 (0= p)CT?) > 0 for n; > p. (110)

Recalling the expression for consumption

10 +72 4 2 i
OZ’P—wgb(anrei<6:>+w_ﬁ2WT<1";7) KT

111
172 1771»2 +T2+ rp ( )
:71'——777777' - H?
2¢ 2¢ ¢

Tax rebates in the presence of markets are k™ = k™ — 7 [, B %di. Since we are looking for the monotonicity
condition, we substitute B = [0,¢] which gives k™ = K7 — T% =T (1 — g — g) — %’i. Therefore the
condition becomes

42



i((m—p)(w—ff—fi—;——'))>0. (112)

L4+ 5y > 0. (113)

___________ i T
TT2% 3¢ o ¢ At

)>0 (114)
Since the inequality must hold for any ¢ such that n; > p, a sufficient condition is

T>-— 4ot (115)

T> S — oo — (116)

Such condition is always verified in our admissible range of model parameters in that, in order to justify
a certain amount of emissions e; deriving from each agent ¢’s investment choices, we assumed high prof-
itability = > %gb, with ¢ >> 1 to justify abatement choices below the technology threshold §;f = % <1
for each ¢ € [0,1].

A similar argument applies to the case in which the technology constraint is violated. After rearrangement
of the utility in , net profits read

T 1 T T
=B = Li=(1-06])p—56(1 -4 )2 = (i —p)a;* (117)
for n; < p, profits from issuance of the security are strictly smaller than % and decreasing in ¢, while for

1; > p, the lender’s profits are left unaltered and are decreasing in i provided the sufficient condition in

(116)) is verified.

Proof. [Proposition[6] Provided that r verifies the condition in (T16]), we look for a cutoff type z € (0,1)

and a rate p such that the market clearing condition and the indifference condition are jointly verified

T 1
/ (€ — ei(6]"))di = / q;’di and II, = 0. (118)
0 T

For any ¢ < x, the borrower’s net profits from issuance of the security in (L08)) are strictly positive.
Therefore, it must be that the indifference type x is such that n, > p. The conditions become

x 1 ~7p 2 7,0
P, cr.op C’
fdz:/ —di, — — (g — t— =0 119
/0 ¢ e P 2¢ (1 =) p (119)

1 1 . p2 C;"p
p—\/gaﬁ/z C;di, %—(m—p) P (120)

from which the equilibrium pair p and z is determined numerically.

which rearranged become

Now if p+ 1, > ¢ — 7, then an equilibrium of this type cannot exist in that we have reached a corner
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solution in which the rate p is so high that the optimal abatement technologies of some issuers 0 < i < «
go beyond the available cleanest technology, § = 1. In such a corner solution, profits from issuing the
contingent security are defined as in (117). Provided that w verifies (116)), the indifference condition

becomes
T 1 T\2 C;—vp

whereas the market clearing condition becomes

1 T,p
/'OdH—/ (1 - 07)di :/ Cit g (122)
. P

with z < z the type whose optimal abatement verifies d; =1 — %.

B.3 Equilibrium Emissions Reduction Financed
Let us show that the equilibrium emissions reduction purchased by each agent i € [x7, 1] decreases with
the tax 7. This amounts to proving that

0 -

TP

. C;?ﬂ
or™

pT

= aﬁ <0. (123)

Recalling that both the equilibrium price of carbon p” as well as the consumption C} " are decreasing in

T, we can express the derivative as

QCZ'»PT B iCiT,p T| i‘ach

. (124)

or pm  pT pT |
From the equilibrium expression for p™ in (120]), we notice that the price p™ increases when x7 decreases.
Since the equilibrium cutoff type 7 decreases when the tax become lower, then an upperbound on the

magnitude of the derivative |%| is determined by taking 2" as a constant. That is, we have

LRGNy il
or 2,0 x7 or

\di (125)

Noticing that the derivative | \ is independent of i, we can take the term out of the integral and get

11 ¢( x) 8CT"

126
2 o A2 00 (126)
Therefore, we have that
dCr 1011 ¢(1—a7) 9CT" 1 ac]”
OG- , 16 1190-07)0G7 | 1\9GT, (127)
ar p pTopT 2p T or 0 or
from which it follows that the condition (123 in satisfied if
Cr* 11 (1 —a”
Gl LLe =) (128)
p‘r 2 pT 1:7'
Recalling that ¢ ” T = C’; f for each i € [x7, 1], we have, rearranging
T T 1
< 2(p; ——) fori € o7, 1] (129)
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The left-hand side is the emissions reduction financed by lender ¢ € [z7,1], while the right-hand side
is twice the total emissions reduction supplied by the borrowers, 2%, divided by the share of lenders
in the economy, # We note that due to the market clearing condition, the right-hand side is twice
the amount of emissions reduction that each agent i € [x7,1] would finance if all agents had the same
budget constraint. In practice then, the inequality is stating that each agent ¢ cannot hold more than
twice of what she would be entitled if consumption constraints were homogenous across agents. Since we
assume equal endowments h; = 1$ and since the marginal effect of n; on ¢;” " is limited by the technology

constraint 7; << ¢, this inequality is satisfied in our framework.

B.4 Welfare with Financial Markets

Welfare with financial markets reads

T
o~

W= / (Cola7?") = 7es(677) + 577"+ o7 (es = ea(07*)) ) di
0

1
+ / (Oi((S{) e (67) + KT — quiT’pT)di BT (130)

-

= [ (- 6T —reipy e+ E i e
0

and substituting for the market clearing condition and recalling that the tax revenues are fully
redistributed

x T AT T - 1 .
W\T _ / ((7r . ¢(Ui + T) B ;(p¢)2 B 771(5 _ %)) o Tei(5:’p )+ ,{va’)di +/ Ci(07)di — NKT131)
0 .

1 7 T T T
_ / (n—¢(%))di—/ GO et T g (132)
0 0

2 ¢ ¢ ¢
1 A 7 T AT T T T
- /(w—q&(m))dz’—)\E*—sz—m—&-)\T—/ T TP AT (433
0

5 2% o e ), e Ta T 5
s ;o pT T T aTpT
_ R e Ty 134
Wimae e T TG Ty T AT (134)
T T
- w a:(2¢+¢+¢ ¢) (135)

with 77 = 1/(z7) [ nidi.

Proof. [Proposition 7]. Figure [11| shows the welfare function in (131]) (blue line) against the baseline
welfare in in absence of financial markets (black line). The welfare function in (131)) is concave in 7

with a unique maximum verifying

d —~
—W" =0. 136
dTW T=7° ( )
Expanding the derivative, one gets
d = d 1p7 77 17 A 1pf 1 7f
7WT:7W’T_ p;—'mT_"_pT.,L,: 77+7+7_7 _pTxT 777'_’_7_’_77—
= TV Gt e e P T TE Tt 137)
__Z+M_(Txr+ rxr)(1£+f+1_i)_w(l£+1+ﬂ)
67 o T TP T e T T T e T T
therefore solving for 7 this gives the implicit expression
7_|_001_|_lo =0 oo_|_oolo_|_70
,f_o:)\_n pT ( 2p7'+"77')+(p7'x P xT)(Qp n ) (138)

L+ (p2a™ + pox2)
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with p°® and z° the equilibrium prices and cutoff type evaluated at the optimal tax in the presence of
financial markets 7 = 7°, p2 and z¢ the derivatives evaluated in 7 = 79, 7° = % fom n;di and 72 the

derivative evaluated in 7 = 7°.

Figure 11. Welfare

The blue line shows the welfare function in against the tax rate 7. The black line is the reference
welfare function in . The vertical red line is the optimal tax rate 7° verifying (138]). The dashed blue
line is the approximate rate in ([39). Preferences are assumed convex n; = ni* with n = $50/ton of carbon.
Other model parameters are 7 = 150 and ¢ = 300.

66
64

0 20 40 60 80 100 120 140
Tax T

The red vertical line in Figure indicates the optimal 7° solution in , the blue dashed line is an
approximate solution which assumes that the change in the equilibrium price and cutoff type with respect
to the tax is approximately zero and, in particular, they are the levels obtained in the absence of financial
markets p” = p* and 27 = z*. As observed, given our model specification, changes in financial markets
outcomes as a function of the tax have a negligible effect on the optimal tax rate. Consequently, we work
with the approximate solution

TORAN—T—piz*. (139)

Note that the optimal tax rate with markets is below the optimal tax rate without markets 7 = A — 7,

by an amount that is proportional to the abatement provided by financial markets.

Let us now solve for the constrained optimal tax obtained by imposing the median voter constraint. As
for the case without financial markets, the welfare function is increasing between [0,7°] and decreasing
afterwards. Therefore, if 0 < 7p.5 < 7°, the best outcome that the regulator can get is achieved by impos-
ing a constrained tax 7¢ = 7p.5. If 795 < 0 < 72, then the regulator’s choice is bounded by the positivity
constraint ,7¢ = 0. Note also from that the unconstrained tax can be negative 7° < 0 if abatement

provided by financial markets is large. In such a case, the regulator will also impose a tax 7¢ = 0.

Proof. [Proposition 8]. Based on the result in Proposition [5] we can derive an explicit expression for

welfare W€ in an economy without financial markets

W =W O it 70 =X < s,

* A——370.5 .
w + 05— otherwise.

we = (140)
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whereas emissions absent markets are

EC=FE*—210 if \—ij<7ys5,
EC — ) n 0.5 (141)
E* — Tféf otherwise.

The following scenario are possible:

1. if 7¢ = 7°, meaning if A — 7 < 79.5, then W¢ = W? and E°¢ = E°. Then

(a) If 7° < 0, the admissible tax 7¢ is bounded by the positivity constraint, meaning 7¢ = 0.
Substituting this into (131)) we have that welfare with financial markets takes the value

o * %k 1
We =W B = 57)
. . (142)
~W +7(/\—n—§px)

where the last approximation followed by noticing that the cutoff type without the tax takes
high values z* ~ 1. Therefore, we have
We - We=—A—-n—-pz*)— -———
5 A =7 —5pa") = 5 3
the first term in (143]) reaches the maximum in p*z* = A — 7, meaning that equation (143
is zero if abatement is exactly p*z* = A — 7j and negative otherwise. Since 7° < 0, we know
from (139) that p*z* > A\ — 77 implying that equation (143 is negative. As far as emissions are

concerned, we have that

(143)

ECZE*—px <EC:E0:E*—(A_77).

; J (144)

(b) If Tg5 < 0 < 7°, then the admissible tax 7y 5 is again set at 7¢ = 0, however, the abatement
provided by financial markets is now p*z* < A—7. This implies that the welfare difference
is again negative but emissions E° are higher than the benchmark without financial markets.

(¢) If 0 < 7° < 7p.5, then the regulator can implement the unconstrained optimal tax and welfare

with financial markets WW¢ achieves the unconstrained optimum. Substituting the optimal tax

(1139) into (131), we have

A\ O R I Y e D
We=W"+ - + = + —(= + 145
2 9 2 ¢ ¢ (2 ¢ o ) (145)
and since WC:W*—F%% we have
o 0 .0 1
MﬁfMﬂ:p;<ﬁ—w75u4m%w> (146)

Denote the preference distribution as n; = 7i” for a certain 8 > 0. Then it is simple to show

that
— —0 __ Ui o\
_pgo=_—" (1= 14
A== (- @)) (147)
which implies that
c c poxo L o o\f3 71 .0\ 0
W — W = 5 ( le(1 (@9)7) = 5(1 =2%)p°%), (148)



which is strictly positive if

n p? (1—a%)
2

> A (149)

B+1
The higher 8, the less likely it is that this inequality is verified (left hand side is lower whereas

right hand side becomes larger). Viceversa, the lower 3, the more likely it is that this inequality
is verified. For § = 1, that is when preferences are linear, the inequality is verified since p < 7

necessarily from the equilibrium condition, proving the result.

(d) When the tax 7¢ = 7 5, welfare We is given by (131) evaluated in 7 = 7y 5, that is

e 142 7o 5()\ —17) ) . 1 pf'o.s ﬁf'o.s Fos
WCZW*—*ﬁﬁ- - — gTo5 pT05(Z + 4+ = _
270 z et e T
«  Tos 1 fos Fos LTS O s A
:W —|—7>\—’I’}—* ) TO'5PT0'O* + 4+ — - =
* ( ,'7 - p*x*) — 1 — * 1 pi'o.s ,’7710 g A0.5 A
< W'+ A=—=(A=n—p'z™)) —a™sp03(= + + == —=
5 (A =7 =5(A=7—pa")) PR 5 5 5 ¢)
o A=m—pat) A—7) - Y L I )
:W + +7px x7'05p7'0.5 + 4+ — -
¢ ( 2 2 ) (2 ¢ ¢ ¢ ¢)
_ * 1 ()\_’FI)2 1 * *()\_ﬁ) p*fE* )‘_f] 1 * ok 0.5 ~T0.5 1p+0'5 77]7—05
—W+§ 5 T +¢(2 ipx) 2703 p (5¢+¢+
1 (N —7)2 1 (p*2*)2 R ) 1 pTos 770.5 2 by
= W 7( 77) _7(p € ) _x'rojp‘ro_s(ip + n +£_7)
2 ¢ 2 9 2 ¢ ¢ ¢ ¢
(150)
where the inequality follows from noticing that, necessarily for 7¢ = 745, it must be that

0 < Tp5 <7°= \N—17—p*x*. Subtracting the unconstrained welfare without financial markets,

we get
e 1 (p*x*)Q R . 1 p‘FoAs 77‘?0‘5 705 by
WE _WE < —= _ 705 5Tos(Z + 4+ — = 151
5 @ P 5 3 5 ¢) (151)

which is negative in our range of model parameters. To compute emissions, we notice that when

the marginal change in the equilibrium price and cutoff types pI ~ 0 and z7 = 0, the threshold
takes the explicit expression

’TA'0'5 ~ T0.5 — QP*ZL‘* (152)

Emissions with financial markets are therefore

EC _ g @ B xf'o.spﬁ).s
¢ o}
« Tos  prTt
>FEf— —/— 4 ——
¢ ¢

these are larger than E° provided that 795 — p*z* < A — 7. Since necessarily 0 < 795 < 7°,
substituting the expressions in (152) and (139)), we have that 795 — p*a* < A — 7, which gives
the result.

2. If 7¢ = 79 5, meaning if A—7 > 79.5, then W¢ < W and E¢ > E°. Before proceeds with the possible
scenario, we note that when the political constraint is binding for the economy without financial
markets, it can never be that the economy with financial markets implements an unconstrained

optimal tax 0 < 7° < 7p.5. This can be derived from (152 and (139)), noticing that for 7° < 7y 5, it
must be that p*z* < 795 — (A — 77) < 0. Then we have
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if 7° < 0, then the admissible tax 7¢ = 0. In such a case, since we showed that p*z* > A —7 >
To.5, €missions in the economy with financial markets E¢ are always lower than the benchmark

emissions with the tax only, E°. Welfare takes the value

* o,k 1
We=WwW"+ P

1
5 A =7" = 5p") =W + p (A =17 —5p"z7) (154)

where again the approximation comes from the fact that in absence of the tax, the equilibrium

cutoff type x* ~ 1 and 77* ~ 7. This is compared against the constrained welfare

70.5

¢

(A—17— %TO.5)~ (155)

We=W*+
from which derives immediately that We > We if prr* > 195, and We < We otherwise. We
recall that since 7° < 0, we have that p*z* > A — 7 > 79 5, which proves the result.
if 79.5 < 0 < 7°, then again the admissible tax 7¢ = 0. However here p*z* < A — 7 since 7° > 0.
Following the previous arguments, we have that if p*z* < 795 < A — 7, then the economy with
financial markets generates higher emissions E¢ > E¢ and lower welfare We < We. Otherwise,
financial markets generate lower emissions E° < E° and higher welfare We > we.
the remaining case is when 0 < 7p5 < 7°. In such a case the regulator implements the con-

strained tax 7¢ = 7 5. Using the approximation 7y 5 &~ 795 — 2p*z*, welfare reads

— . To5 — 2p"x* _ | . % *x* 1,
WE =~ W +%(A—n—px —570,5+px)+p ()\—§P )
Tos B 1 2p*1,* ~ 1 p*x* 1 -
=W+ 2\ —7— = — A—7— = A—=p*—q* 156
W+ ¢( U] 27'0.5) ) (A—=17 27'0.5)+ ¢( P n*) (156)
* 1 . .
=W P 2o 4 oot )
10) 2
this is less than W¢€ if 1
3P >N =1 +To5— (A=) (157)

since A — 7] > 795, a sufficient condition for this to be satisfied is that

1 _
2P > 1= T (158)

which is always satisfied in our range of model parameters since z* ~ 1 and 77 ~ 77*. As for the

emissions, we have that

fe— g 105
o 0]
2 p* ¥ 70.5 HT0.5
« Tos prx” «  T05 .
S L SsEpr- g
o o o
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