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Abstract

We study how political turnover affects clean investment under carbon

pricing uncertainty. In a dynamic model with electoral risk, firms invest in

emissions-reducing technologies while facing uncertain future carbon taxes.

Carbon Contracts for Difference (CCfDs) reduce carbon price risk and can mit-

igate underinvestment by stabilising the expected return to abatement. How-

ever, once output is endogenous, CCfDs alter production incentives. We show

that while an appropriately chosen strike price can restore strong investment

incentives, CCfDs act as state-contingent transfers, leading to over-production

when carbon prices are low and under-production when they are high. We

characterise the optimal strike price and show that it lies between the policy

preferences of competing political parties and that it increases with the proba-

bility of policy continuity. Finally, we show that limiting the volume of output

eligible for compensation reduces production distortions while preserving in-

vestment incentives.
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1 Introduction

Climate policy, especially carbon taxes, is a key instrument in global efforts to com-

bat climate change by putting a price on carbon emissions. As of today, numerous

countries have implemented various forms of carbon pricing, although the scope,

structure, and effectiveness of these policies vary significantly across regions (Postic

and Fetet (2020)). Politically, the adoption and sustainability of carbon taxes are

fraught with unpredictability. Policymaking, among other things, is subject to elec-

toral cycles (Harstad (2020)), lobbying by interest groups (Kalkuhl et al. (2020)), and

shifts in public opinion (Ewald et al. (2022)). These factors can result in abrupt pol-

icy reversals or diluted tax implementations, undermining their potential impact. As

Brunner et al. (2012) put it, from a public choice perspective, the government consists

of changing policymakers with evolving preferences. Different stakeholders, with con-

flicting interests, strive to shape policies to their benefit. Policy risk also arises from

shifting political majorities, leading to alternating special interests being represented

(Strausz (2009)). Consequently, carbon policy can vary significantly depending on

the ruling political party, influenced by their ideologies and constituencies. For in-

stance, political resistance has led to the rollback or weakening of carbon tax policies

in various jurisdictions, reflecting the contentious nature of such measures. A notable

example of political resistance leading to the rollback of carbon tax policies is the

case of Australia. In 2012, the Australian government, led by the Labor Party under

Prime Minister Julia Gillard, introduced a carbon pricing mechanism stemming from

the 2011 Clean Energy Act. Shortly after, Liberal-National Coalition, led by Tony

Abbott, won the 2013 general election. True to his campaign promise, the Abbott

government repealed the carbon tax in 2014, just two years after its implementation.

More recently, in Canada, the Carney government all but ended the consumer carbon

tax by setting the effective federal fuel charge to 0$ as of April 1st 2025.

Central to these issues is the problem of time-inconsistency. In their seminal pa-
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per, Kydland and Prescott (1977) famously mentioned that "economic planning is

not a game against nature but, rather, a game against rational economic agents".

The essence of the time consistency problem is that a policy considered optimal by

economic policymakers initially, when it can shape the expectations of households

and firms, often ends up not being implemented later, once those expectations have

already influenced private behavior. Consequently, policymakers tend to revise their

decisions. This phenomenon often results from the differing timelines of political

cycles and the slow, cumulative nature of environmental impacts. While politicians

may prioritize policies that yield immediate benefits to secure re-election or public

approval, the long-term nature of climate change requires sustained and consistent

efforts over decades. Consequently, this misalignment between long term problems

and short term rewards can lead to insufficient or inconsistent policy measures, un-

dermining the overall effectiveness of climate action and most importantly, create a

hold-up problem (Williamson (1975)), where firms under-invest as they fear being

stuck with stranded assets (Kalkuhl et al. (2020)).

Solutions that have been explored include establishing independent climate insti-

tutions (Helm et al. (2003)), setting legally binding emission targets, and integrating

climate goals into broader economic planning, such as making contingent trade agree-

ments (Harstad (2024)) or targeting investment subsidies into sectors that are com-

plementary to future green investment possibilities (Harstad (2020)). One approach

to mitigating policy risk is the use of Carbon Contracts for Difference (CCfDs).

These financial instruments function by ensuring that firms receive compensation if

the actual carbon price falls below a pre-agreed strike price. Conversely, if the mar-

ket carbon price exceeds the strike price, firms return the excess to the government.

CCfDs thus serve to stabilize expectations and de-risk investments in low-carbon

technologies, providing a mechanism through which governments can credibly guar-

antee climate policy goals even in the face of political turnover (Chiappinelli and
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Neuhoff (2020)). While contracts for difference have been deployed in some jurisdic-

tions, such as in renewable electricity markets (Chiappinelli and Neuhoff (2020)) or

through the klimaschutzverträge program in Germany (?), their broader implications

regarding policy continuity, investment behavior, and democratic governance remain

underexplored.

This paper contributes to the literature by examining the role of CCfDs in ad-

dressing the hold-up problem and improving policy implementation in the presence of

political uncertainty. We develop a theoretical framework that models firm behavior

under policy uncertainty and demonstrate how CCfDs, under strict conditions, can

act as an implementation device that can enable a desired investment outcome. We

show that CCfDs can provide firms with a level of certainty that traditional carbon

pricing mechanisms fail to achieve. However, while CCfDs can enhance policy credi-

bility and reduce uncertainty for firms, they do not necessarily implement the desired

ex-ante level of production or carbon intensity reductions. Since CCfDs provide a

subsidy-like effect by stabilizing carbon prices, they may encourage firms to increase

their output beyond what would be socially optimal under a fully credible carbon

pricing regime. This can trigger a rebound effect, where the increased production

partially offsets the intended environmental benefits of the policy. In particular, if

the CCfD strike price is set too high, firms might overproduce and emit more than

they would under a well-functioning and predictable carbon tax, highlighting a fun-

damental limitation of CCfDs in fully aligning private incentives with the social cost

of carbon.The analysis shows that the strike price plays a pivotal role: a higher strike

price enhances the incentive to invest but increases expected fiscal transfers and pro-

duction distortions, whereas a lower strike price reduces fiscal exposure at the cost

of weaker abatement effort. The optimal contract balances these forces, leading to

a strike price that lies between the policy preferences of the two parties and varies

with the incumbent’s probability of re-election.
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We then extend the analysis to the case where the government limits the total

quantity of output eligible for compensation. Such a cap reduces excessive production

in low-price states and constrains the "over-subsidy" problem without undermining

investment incentives. This design feature captures a broader efficiency trade-off: in-

struments that strengthen investment incentives under policy uncertainty inevitably

introduce distortions in production and fiscal outcomes. By constraining the range of

payments, the contract limits these distortions while preserving its role in stabilizing

expectations. The model therefore highlights that the effectiveness of climate policy

depends not only on the credibility of commitments but also on how contractual de-

sign shapes green investment and production. Finally, this paper is mainly concerned

with the design of CCfDs. It doesn’t engage with the question of whether such con-

tracts are desirable in the first place, neither does it aim at comparing CCfDs with

other instruments.

The remainder of the paper is structured as follows. Section 2 situates the anal-

ysis within the broader literature on political commitment, time inconsistency, and

climate policy uncertainty. Section 3 presents the theoretical framework, describing

the firm’s investment and production decisions under political turnover. Section 4

introduces Carbon Contracts for Difference as a policy instrument and analyzes how

their design affects abatement and output choices. Section 5 characterizes the optimal

strike price, highlighting the trade-off between strengthening investment incentives

and limiting fiscal and allocative distortions. Section 6 extends the analysis to con-

tracts with an upper bound on eligible output and shows how such a cap mitigates the

distortions arising from linear payment schemes. Section 7 discusses the broader im-

plications of the results for the design of credible and efficient climate policy. Section

8 concludes.
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2 Relation to the literature

2.1 Commitment, political cycles and time inconsistency

Commitment in economics refers to the ability of policymakers to make credible

promises about future policies. The importance of commitment has been highlighted

in numerous studies, most famously including Kydland and Prescott (1977). They

argue that policymakers, if left unchecked, may have incentives to deviate from previ-

ously announced policies to achieve short-term objectives, leading to suboptimal long-

term outcomes. Rules ensure predictability and prevent policymakers from changing

course based on short-term incentives, which can lead to time inconsistency. This

problem is particularly pronounced in monetary and fiscal policies, where govern-

ments may renege on commitments to low inflation or sustainable debt levels.

One proposed solution to the commitment problem is the establishment of inde-

pendent institutions, such as central banks, which can credibly commit to policy ob-

jectives without political interference (Rogoff (1985)). By insulating decision-making

from short-term political pressures, these institutions enhance policy credibility and

reduce uncertainty for economic agents. Similarly, fiscal rules and legally binding pol-

icy frameworks have been implemented in various countries to reinforce commitment

to long-term objectives (Alesina and Perotti (1996)). The interaction between com-

mitment and political cycles has significant implications for investment and long-term

economic growth. When governments lack credibility, firms and investors face un-

certainty about future policies, leading to suboptimal investment decisions. Alesina

and Tabellini (1990) argue that short-term political pressures may lead to suboptimal

public investment decisions, where governments prioritize projects with immediate

electoral benefits rather than those that enhance long-term productivity. This dy-

namic can distort capital allocation, leading to inefficiencies in infrastructure and

public services that are crucial for sustained economic growth. Additionally, firms
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operating in environments with high political risk tend to adopt more conservative

investment strategies, preferring shorter payback periods and lower capital commit-

ments (Gulen and Ion (2016)). This conservative approach can hinder innovation and

long-term technological advancements, further affecting national competitiveness. In

response, Harstad (2020) argues that strategically designed investment subsidies can

mitigate this problem by directing support toward technologies that facilitate further

decarbonization over time. Such subsidies target sectors that are complementary to

future low-carbon investments, ensuring that initial commitments lead to sustained

emissions reductions.

2.2 Incomplete contracts and implementation

The central idea within implementation theory is to design rules or mechanisms that

ensure a particular social choice function (a rule mapping preferences to outcomes)

is implementable, meaning it arises as the equilibrium outcome of a game induced by

the mechanism. A core challenge lies in reconciling incentive compatibility with the

broader goals of efficiency, equity, or welfare maximization. Implementation theory

examines how economic policies or mechanisms can be designed to achieve desired

outcomes despite strategic behavior by agents. Originally developed within mech-

anism design (Maskin (1999)), implementation theory has been widely applied in

public economics, contract theory, and institutional design.

A key insight from implementation theory is that policies must be incentive-

compatible to ensure compliance. Governments face challenges in designing mecha-

nisms that align private incentives with socially optimal outcomes, especially when

there is asymmetric information or strategic manipulation (Moore and Repullo (1988)).

For example, in public-private partnerships, incomplete contracts may lead to rene-

gotiation that benefit politically connected firms rather than optimizing efficiency

(Tirole (1999)). From an investment perspective, implementation theory suggests

7



that governments should design self-enforcing agreements that remain robust to po-

litical and economic fluctuations. One approach is the use of commitment devices,

such as independent regulatory agencies or automatic stabilizers, which reduce the

discretionary power of policymakers and enhance credibility (Acemoglu (2003)).In the

context of climate policy, and central to our paper, implementation theory supports

the design of mechanisms such as Carbon Contracts for Difference, where govern-

ments commit to predetermined carbon pricing structures, reducing uncertainty for

investors in low-carbon technologies.

2.3 Carbon contracts for difference

Carbon Contracts for Difference (CCfDs) are financial instruments designed to in-

centivize investment in low-carbon technologies by mitigating risks associated with

carbon pricing and in some cases, with market uncertainties1. In the context of our

paper, CCfD payments are triggered when the effective carbon price differs from a

previously determined strike price. Therefore, we concentrate our analysis on the

carbon price risk. Note that if the carbon price falls below the strike, the firm gets

compensated for the difference. If the carbon price rises above the strike, the payment

burden is reversed and the firm pays the government. Some previous work argues that

CCfDs could be particularly useful for capital-intensive technologies like green hydro-

gen production (Chaton and Metta-Versmessen (2023)), carbon capture and storage

(CCS), and advanced renewable energy systems, where high upfront costs and long

payback periods often deter private investment (Richstein and Neuhoff (2022)).

Alternatively, previous work has highlighted the importance of contract design,

emphasizing strike prices (Chiappinelli and Neuhoff (2020)) and durations that bal-

ance investor (firms) incentives with government cost-effectiveness, as explored by
1This is notably the case in Germany, where CCfDs also cover the difference in CAPEX and

OPEX of cleaner processes, compared to a less climate-friendly benchmark, see (Federal Ministry
for Economic Affairs and Climate Action (BMWK) (2022))
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Richstein and Neuhoff (2022). However, while CCfDs offer significant benefits, their

design must balance government expenditure with efficiency concerns. Setting the

strike price too high could lead to inefficiently large government payouts, while set-

ting it too low may fail to incentivize sufficient investment. Moreover, CCfDs do

not directly impose emissions caps, meaning that without complementary policies,

they could inadvertently lead to increased overall production and emissions—a phe-

nomenon similar to a rebound effect.

Recent policy experience in Germany provides a concrete illustration of these

design trade-offs. Germany has introduced Klimaschutzverträge (climate protection

contracts) as a large-scale implementation of CCfDs for energy-intensive industries,

targeting sectors such as steel, cement, chemicals, and paper. These contracts are

awarded through competitive auctions and are project-based, with payments calcu-

lated relative to a benchmark emissions intensity associated with a conventional pro-

duction process (Federal Ministry for Economic Affairs and Climate Action (BMWK)

(2022)). In contrast to stylized CCfD formulations, German contracts explicitly cover

both operating cost differences and, in some cases, capital cost components, reflect-

ing the fact that many industrial decarbonisation technologies remain structurally

unprofitable even under anticipated future carbon prices.

Therefore, an important feature of the German scheme is that CCfDs are used

not only to hedge firms against carbon price volatility, but also to selectively pro-

mote the deployment of specific low-carbon processes. By stabilising the effective

carbon price relevant for the firm’s investment decision over a long horizon (typically

around 15 years), the contracts reduce downside risk associated with uncertain future

carbon prices under the EU ETS. At the same time, eligibility is restricted to pre-

defined technologies and contractual volumes, and payments are calculated only for

emissions reductions generated within the scope of the contract. As emphasised in
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recent policy and academic analyses, this design reflects the objective of accelerating

investment in transformative technologies rather than subsidising production more

generally (Richstein and Neuhoff (2022)).

In this paper, the role of Carbon Contracts for Difference is interpreted primarily

through their de-risking function with respect to carbon prices. Rather than viewing

CCfDs as instruments that guarantee the profitability of a given production process,

we model them as policies that reduce firms’ exposure to uncertainty in future carbon

prices by stabilising the effective carbon cost relevant for production and investment

decisions. By narrowing the dispersion of expected payoffs associated with low-carbon

technologies, CCfDs alter the relative attractiveness of alternative production pro-

cesses, particularly in settings where investment is capital-intensive and payoffs are

highly sensitive to carbon price realisations. The analysis therefore focuses on how

this reduction in carbon price risk interacts with firms’ production choices and the

implementation of CCfDs, abstracting from other sources of uncertainty and comple-

mentary policy objectives.

We build on these insights by examining how CCfDs function as an implementa-

tion device in the face of political uncertainty. Notably, we allow the firm to make

a production volume decision, which to our knowledge, remains unexplored by pa-

pers such as Chiappinelli and Neuhoff (2020). While they reduce investment risk for

firms, their effectiveness in fully aligning private incentives with long-term welfare

goals remains an open question and our conclusions show that one must be cautious

when designing such contracts.
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3 The hold-up problem under uncertainty (without

CCfDs)

3.1 The timing of the game

Consider a simple two-party setting. In Period 1, the incumbent government an-

nounces its proposed second period carbon tax policy, denoted by τ I . The challenger

also announces its own proposed tax rate, τC . There is a probability λ that the in-

cumbent remains in power. A representative firm then chooses its level of investment

in abatement technology, e, based on the information available in period 1 and to be

effective in period 2.

In period 2, depending on the outcome of the political process, either the incum-

bent or the challenger is elected: if the incumbent is reappointed (with probability

λ), tax τ = τ I is implemented; otherwise, τ = τC . Contrarily to Chiappinelli and

Neuhoff (2020), where the representative firm’s output is normalized to one, and

where its only choice variable is the (clean) investment level, we also allow the repre-

sentative firm to optimize on its production level. We later show that this distinction

can generate distortions, which can compromise the effectiveness of CCfDs.

3.2 The representative firm’s problem

The representative firm can produce q units of a polluting good at cost C(q), where

C ′(q) > 0 and C ′′(q) > 0. The firm sells the good for price p and it pays a carbon

tax τ on its level of emissions e · q, where e is its carbon intensity and q is output.

We make the simplification that the firm is a price taker and that it operates in an

international setting such that it cannot transfer the carbon-tax burden to consumers

in the short-run. The representative firm can reduce its carbon intensity by investing

in reducing e from a baseline ē. This can be made at cost K(e) where K ′(e) < 0 and

11



K ′′(e) > 0. The profit function is therefore given by

π = pq − eτq − C(q)−K(e) (1)

The problem is solved by backward induction: starting from the firm’s optimal

production choice in period 2 and then determining its investment in abatement at

time 1. The firm’s optimization problem can thus be written as:

max
e

E[π] = E

max
q

(pq − eτq − C(q))︸ ︷︷ ︸
period 2

−K(e)

 (2)

Solving by backward induction, we get the second-period first order condition with

respect to q

p− τ · eu(λ, τ I , τC) = ∂C(q)

∂q
(3)

Which classically states that the marginal benefit of producing more, which is the

sales price minus the tax payments, is equal to the marginal cost of production. Back

in period one, the maximization problem then becomes

max
e

E[π] = λ
[
pqIu − τ IeqIu − C(qIu)

]
+ (1− λ)

[
pqCu − τCeqCu − C(qC)

]
−K(e) (4)

Where qIu and qCu are the 2 ex-ante uncertain possible production levels and which

depend on whether or not the incumbent is reappointed. They each are the solution

to (3), for each τ ∈ {τ I , τC} The period 1 first order condition is given by

λ

[
p
∂qIu(e, τ

I)

∂e
− τ IqIu(e, τ

I)− eτ I · ∂q
I
u(e, τ

I)

∂e
−

∂C
(
qIu(e, τ

I)
)

∂q

∂qIu(e, τ
I)

∂e

]

+(1− λ)

[
p
∂qCu (e, τ

C)

∂e
− τCqCu (e, τ

C)− eτC · ∂q
C
u (e, τ

C)

∂e
−

∂C
(
qCu (e, τ

C)
)

∂q

∂qCu (e, τ
C)

∂e

]
− ∂K(e)

∂e
= 0
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rearranging and invoking the envelope theorem,

−∂K(e)

∂e
= λ

[
τ IqIu(e, τ

I)
]
+ (1− λ)

[
τCqCu (e, τ

C)
]

(5)

Equation (5) yields the solution eu(λ, τ I , τC), which is the carbon intensity choice

under uncertainty, and states that the marginal benefit of reducing the per-good car-

bon intensity is equal to the expected savings in total tax payments from doing so.

It follows that the higher the expected tax τ , the more the firm will choose to abate.

More precisely, in a two party setting, this carbon intensity decision is a function

of both parties’ announced tax, but also of the instantaneous probability λ that the

incumbent government will remain in power in period 2.

This result highlights the importance of policy credibility in influencing firms’

abatement decisions. If firms anticipate significant policy uncertainty, they may

under-invest in abatement (from the incumbent’s point of view) due to the risk of

a lower tax in the future. This aligns with the broader literature on policy-induced

investment under uncertainty, where firms discount the effectiveness of future policies

when they lack commitment mechanisms.

4 Carbon Contracts for difference

We now turn to the case where the government can provide carbon contracts for

difference (CCfDs). These contracts generate side-payments as soon as the effective

carbon price, τ ∈ {τ I , τC} diverges from the contract’s strike price τs. Function-

ally, CCfDs operate similarly to existing contracts for difference (May et al. (2018),

Kristiansen (2004)) for renewable energy, but with a focus on carbon emissions and

carbon pricing. Instead of compensating for the difference between a fixed electricity

price and the fluctuating market price, the public entity involved would cover the

difference between a predetermined carbon price (strike price, or τs) and the actual

13



market price for carbon emissions. Thus, CCfDs enable emission offset project de-

velopers to lock in a consistent and predictable carbon price throughout the contract

term and the project’s lifespan. Essentially, they serve as a hedge against carbon

market risks or fluctuations in carbon pricing policies. We make no assumption on

the nature of the strike price, other than it must be such that the contract is incentive

compatible for the firm. This will be explored in section further sections.

We make the deliberate decision to model CCfDs such that they do not exert an

active influence on policy expectations in the same way as deficit accumulation. In

Alesina and Tabellini (1990), the expectation of higher debt levels affects the eco-

nomic behavior of future governments, forcing them to adjust taxation and expendi-

ture plans accordingly. In this paper, CCfDs, on the other hand, do not shape the

policy preferences of future governments; they only ensure that pre-agreed transfers

occur regardless of subsequent policy shifts. This means that while debt accumula-

tion can create strategic distortions in fiscal policy, CCfDs operate more as financial

instruments than as mechanisms of political constraint.

Unlike public debt, which directly affects the government’s aggregate budget and

influences macroeconomic conditions, CCfDs only generate financial transfers tied to

carbon price deviations. While these transfers can be significant at the sectoral level,

we assume that they do not impose broad fiscal constraints that would systematically

alter future policy decisions. In contrast, public debt directly impacts a government’s

ability to set spending and taxation priorities, making it a powerful tool for shaping

policy expectations. By modeling CCfDs as compensation mechanisms rather than

as binding commitments, we capture their role in mitigating investment risks without

assuming they fundamentally restrict the policy space of future administrations. We

however think that the commitment question is a central one, although outside the

scope of the paper.
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4.1 The sequential problem with CCfDs

Consider the following period 2 payment rule from the Carbon Contract for Difference

mechanism

CCfD payment = (ē− e)(τs − τ)q (6)

Where τs is the strike price of the contract, which is determined in period 1 and where

(ē− e) is the measurable effort in reducing the carbon intensity from the benchmark

ē2, where ē ≥ e. This baseline can be viewed as a business-as-usual scenario, where

the representative firm makes no effort in reducing its carbon intensity compared to

the industry baseline. Payments can go either direction: if τ < τs, the government

compensates the firm, but if τ > τs, the firm has to pay the government.

The new profit function is given by

π = pq − eτq + (τs − τ)(ē− e)q − C(q)−K(e) (7)

The firm’s maximization problem with CCfDs is given by

max
e

E

max
q

pq − eτq + (ē− e)(τs − τ)q︸ ︷︷ ︸
CCfD

−C(q)


︸ ︷︷ ︸

period 2

−K(e)

 (8)

Starting with the period 2 problem, we get the first-order condition for output,

p− τ · e(τ I , τC , λ, τs) + (ē− e(τ I , τC , λ, τs)) · (τs − τ) =
∂C(q)

∂q
(9)

Where, τ ∈ {τ I , τC}. When τs > τ , that transfer is strictly increasing in q. This is
2This can be interpreted as an industry-wide reference carbon intensity. In Europe, for example,

that benchmark is set based on the 10% most efficient processes for a given industry. See https:
//eur-lex.europa.eu/eli/reg_impl/2021/447/oj
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akin to a subsidy, which is added on to the sale price. When τ = τs, it is straightfor-

ward to see that no CCfD payments are made, and that (9) resembles (3).

In expectations, (9) is expressed as

E
[
p− τ · e(λ, τ I , τC , τs) +

[
ē− e(λ, τ I , τC , τs)

]
(τs − τ)− ∂C(q)

∂q

]
= 0

Where,

λ
[
p− τ Ie(λ, τ I , τC , τs) +

[
ē− e(λ, τ I , τC , τs)

]
(τs − τ I)

]
+(1− λ)

[
p− τCe(λ, τ I , τC , τs) +

[
ē− e(λ, τ I , τC , τs)

]
(τs − τC)

]
= λ

∂C(qI)

∂q
+ (1− λ)

∂C(qC)

∂q
(10)

As before, the expected level of output qccfd(e, τ I , τC , λ, τs) is a function of both

parties’ tax policy as well as of the probability that the incumbent remains in power.

However, now that firms have access to CCfDs, they also take the strike price τs into

account, as it dictates the size of the expected future transfers. Going back to the

first period’s problem and taking the first-order condition with respect to e,

λ

[
p
∂qI(e, τ I , τs)

∂e
− τ IqI(e, τ I , τs)− eτ I · ∂q

I(e, τ I , τs)

∂e
+ ē(τs − τ I)

∂qI(e, τ I , τs)

∂e

+(τs − τ I)qI(e, τ I)− e(τs − τ)
∂qI(e, τ I , τs)

∂e
−

∂C
(
qI(e, τ I , τs)

)
∂q

∂qI(e, τC , τs)

∂e

]

+(1− λ)

[
p
∂qC(e, τC , τs)

∂e
− τCqC(e, τC , τs)− eτC · ∂q

C(e, τC , τs)

∂e
+ ē(τs − τ I)

∂qI(e, τ I , τs)

∂e

+(τs − τ I)qI(e, τ I , τs)− (τs − τ)
∂qI(e, τ I , τs)

∂e
−

∂C
(
qC(e, τC , τs)

)
∂q

∂qC(e, τC , τs)

∂e

]
− ∂K(e)

∂e
= 0

(11)

By the envelope theorem, using (9), (11) becomes

λ

[
τ IqI(e, τ I , τs) + (τs − τ I)qI(e, τ I , τs)

]

+(1− λ)

[
τCqC(e, τC , τs) + (τs − τC)qC(e, τC , τs)

]
= −∂K(e)

∂e
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which yields

τs
[
λqI(e, τ I , τs) + (1− λ)qC(e, τC , τs)

]
= −∂K(e)

∂e
(12)

This states that the marginal cost of reducing the per-good carbon intensity is

equal to the expected savings in total tax payments from doing so. Now that the firm

has access to carbon contracts for difference, the only part where uncertainty plays a

role with regards to tax savings is through the period 1 expectation of the choice of

qccfd(e, τ I , τC , λ, τs) in the second period. This is the case since CCfD payments act

as a compensation mechanism for any deviation from the strike price.

Since the firm no longer has to worry about policy reversals or fluctuations in

tax rates, it can make its investment decision based on a stable and predictable tax

framework. This encourages greater abatement investment, as firms can confidently

expect a return on their investments in emissions reduction. Unlike the full uncer-

tainty case without CCfDs, where firms might hesitate to invest due to the risk of a

lower-than-expected tax, CCfDs provide a guaranteed financial incentive to reduce

emissions, leading to a higher level of abatement investment than would otherwise

be the case. However, CCfDs do more than just stabilize expectations; they also

change the firm’s production incentives. Under uncertainty, a lower-than-expected

tax would have benefited the firm in two ways: first, by reducing its direct tax bur-

den, and second, by enabling a higher level of production since the cost per unit of

emissions would be lower. With CCfDs, this is effectively neutralized because any

deviation in the carbon price is compensated through the contract mechanism. The

firm no longer experiences a gain from lower taxes, as the difference is automatically

adjusted through CCfD payments. This means that the only remaining source of

uncertainty comes from the expected production that still depends on the expected

tax, but is presumably less volatile than in the full uncertainty case.

17



Hence, we will discuss that an additional consequence of CCfDs is their potential

to induce distortions in production. Because the CCfD structure effectively acts as a

subsidy when the realized tax falls below the strike price, firms may have an incentive

to increase production beyond socially optimal levels. This is particularly relevant

in cases where the strike price is set too high, as firms could then receive substantial

compensation payments while continuing to produce at a high level, partially offset-

ting the intended emissions reductions. The next section is dedicated to the study of

the role of CCfDs in implementing the incumbent government’s subjective optimal

level of carbon intensity (e) and production (q), where we study the aforementioned

issues in more detail.

4.2 The implementation problem

A natural benchmark for the performance of CCfDs would be whether they can im-

plement the incumbent’s preferred level of emissions, E = eq, under full commitment.

In this environment, however, such an aggregate criterion is misleading because the

contract and the political friction operate on two distinct margins. The firm chooses

its emissions intensity e ex ante, under political uncertainty, and this sunk invest-

ment determines both abatement costs and the base for CCfD payments. Output

q, by contrast, is chosen ex post, after the election outcome and the realized tax

τ ∈ {τ I , τC} are known, and it reacts differently in each political state. A single

contract parameter, the strike price τs, therefore cannot in general discipline both

margins simultaneously. For this reason, we define the incumbent’s full-commitment

benchmark as a pair (eI∗, qI∗) and ask whether there exists a strike price τs that in-

duces the same intensity and output choices when the firm optimally responds to the

CCfD. The analysis below shows that CCfDs can at best recover the incumbent’s de-

sired intensity for a restricted range of political turnover probabilities, but necessarily

distort output—leading to over-production in low-tax states and under-production in

high-tax states from the incumbent’s perspective, even when the contract is accepted
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by the firm. In other words, implementation in emissions is not the right benchmark

because the contract operates on two sequential decisions. What matters is which

margin CCfDs can align with the incumbent’s certainty benchmark and which mar-

gin they therefore inevitably distort.

4.2.1 Defining the incumbent’s optimal outcome

Under certainty, the firm’s period-1 problem can be written as

max
e
π = max

q
(pq − eτq − C(q))︸ ︷︷ ︸

period 2

−K(e)

Let τ = τ I represent a credibly announced carbon tax, which is set equal to the social

cost of carbon as perceived by the incumbent government in period 1 and which is

implemented in period 2 with probability λ = 1. Precisely, this specification reflects

the optimal policy choice from the perspective of the initial government, given its

own assessment of the social cost of carbon. We remain agnostic with respect to

the normative validity of this particular valuation of the social cost of carbon and

therefore make no ethical argument regarding the choice of τ I . The corresponding

first-order conditions that characterize this policy choice are given by

p− τ IeI∗(τ I) =
∂C(qI)

∂q
period 2

and

−∂K(eI)

∂e
= τ I · qI∗(eI , τ I) period 1

Where both C(q) and −K(e) are strictly convex and at least twice differentiable.

From the incumbent government’s perspective, using a CCfD regime as an implemen-
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tation device would imply that both eccfd(λ, τ I , τC , τs) = eI∗(τ I) and qccfd(eccfd, τ, τs) =

qI∗(eI , τ I) hold, since this is the most efficient way of achieving the target emission

level. Let us first recall the first order conditions under CCfDs. For readability pur-

poses, we lighten the notation and let qccfd(eccfd, τ, τs) ≡ qccfd and eccfd(λ, τ I , τC , τs) ≡

eccfd

In period 2:

p− τ · eccfd + (ē− eccfd) · (τs − τ) =
∂C(qccfd)

∂q
(13)

In period 1:

τs

λqIccfd(e, τ I , τs) + (1− λ)qCccfd(e, τ
C , τs)︸ ︷︷ ︸

E[qccfd]

 = −∂K(eccfd)

∂e
(14)

Where the period 1 expectation of (13) is (9). Since both C(q) and −K(e) are

strictly convex and twice differentiable, then ∂2C(q)
∂q2

> 0 and −∂2K(e)
∂e2

> 0. There-

fore both ∂C(q)
∂q

and −∂K(e)
∂e

are monotonically increasing and injective functions. If
∂C(qI)

∂q
= ∂C(qccfd)

∂q
then qI∗ = qccfd and similarly, if ∂K(eI)

∂e
= ∂K(eccfd)

∂e
, then eI∗ = eccfd.

We now study under which conditions a CCfD can, or cannot, act as an implemen-

tation device for the incumbent government.

4.2.2 Can the incumbent implement eI∗(τ I) and qI∗(eI , τ I)?

The first case to consider is the intuitive one, where the government sets τs = τ I in

period 1. In the event where it is still in power in period 2, it sets an effective tax

rate equal to the strike price and the CCfD payments are null. Therefore, it follows

from the expected period 2 first-order condition that E[qccfd] ≥ qI∗(eI , τ I) since posi-

tive expected CCfD payments generate an incentive to increase production and since
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q(e, τ) is strictly decreasing in τ , where τ I is the highest possible tax rate.

Going back to the period 1 f.o.cs, if the government sets τs = τ I , we can deduce

that since E[qccfd] ≥ qI∗(eI , τ I), then

τs
[
λqI(e, τ I , τs) + (1− λ)qC(e, τC , τs)

]
≥ τ I · qI∗(eI , τ I)[

λqI(e, τ I , τs) + (1− λ)qC(e, τC , τs)
]
≥ qI∗(eI , τ I)

Where the inequality is binding only if λ = 1, or if τ I = τC , or both. This is

equivalent to a case where there is no uncertainty and thus, is not of interest. We

ignore that corner solution. For τs = τ I ,

τsE[qccfd] > τ IqI∗(eI , τ I) (15)

Accordingly, (15) implies that

∂K(eI)

∂e
<
∂K(eccfd)

∂e

Using the strict convexity of −K ′(e), we can conclude that eccfd(λ, τ I , τC , τs) <

eI∗(τ I)

Proposition 4.1 When the incumbent government sets the strike price τs equal to its

certainty-optimal tax τ I , the firm chooses its carbon intensity such that eccfd(λ, τ I , τC , τs) <

eI∗(τ I).

From the incumbent’s point of view, this result is not ex-ante optimal since the ex-

istence of expected positive CCfD transfers to the firm (in period 1) means that the

firm will expect higher production in period 2, and as a result will over-invest in

reducing its carbon intensity, as compared to the incumbent’s optimal policy without

uncertainty. Such an outcome holds because the size of the transfer strictly increases

with effort (ē − e). Therefore, regardless of who is in power in period 2, the fact
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that eI is not implementable naturally implies that a CCfD where τs = τ I never

implements the incumbent’s prefered allocation (qI∗(e, τ I), eI∗(τ I)). Note that this

results relies on the assumption that the government has a unique optimal tax rate

τ I for both periods and that it does not manipulate it ex-post, once the investment

in eccfd(λ, τ I , τC , τs) is realized. In other words, the uncertainty is not about whether

or not the incumbent government will implement what it promised, but rather on

the fact that the firm doesn’t know if it will still be in power in period 2.

We must therefore look for τs ̸= τ . Clearly, it cannot be that τs > τ I , because

we have seen that when τs = τ I , then τsE[qccfd] > τ IqI∗(eI , τ I) and it must be that

eccfd(λ, τ I , τC , τs) < eI∗(τ I). Therefore it follows that setting τs > τ I also yields

eccfd(λ, τ I , τC , τs) < eI∗(τ I), always.

Hence, let us assume τs < τ I . Going back to the period 1 first-order condition, eI

is implementable if and only if

τs · E[qccfd] = τ I · qI∗(eI , τ I)

τs
[
λqI(e, τ I , , τs) + (1− λ)qC(e, τC , τs)

]
= τ I · qI∗(eI , τ I)

Rearranging,

τs = τ I · qI∗(eI , τ I)

λqI(e, τ I , τs) + (1− λ)qC(e, τC , τs)︸ ︷︷ ︸
<1

(16)

Equation (16) generates important implications. First, notice that the denominator

is a weighted average of production under CCfDs and a composite of two implicit

functions of τs. Therefore, as both qI(e, τ I , τs) and qC(e, τC , τs) are increasing in τs,

that suggests a dampening effect: the more responsive output is to τs, the smaller the

needed strike price. Second, for the equality to hold, it must be that λqI(e, τ I , τs) +
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(1− λ)qC(e, τC , τs) > qI∗(eI , τ I), for any λ ∈ (0, 1). We know that in the case where

τs < τ I , then

qI(e, τ I , τs) < qI∗(eI , τ I)

since when the incumbent is reelected, the contract’s transfers are such that the firm

has to pay the government for each unit produced. By incentive compatibility, it

must accordingly be that

τ I > τs > τC (17)

over a certain interval of reelection probability λ. This yields a trivial, yet important

result. In a biparty system, the incumbent can credibly offer CCfDs only if its tax τ I

is more ambitious than the challenger’s announced tax τC . Intuitively, for the firm

to accept the contract, it must be that the probability of receiving payments is at

least greater than zero. Hence, given τ I and τC , we can identify a set of λ for which

a strike price that implements eI∗(τ I) = eccfd(λ, τ I , τC , τs) exists. Take

λqI(e, τ I , τs) + (1− λ)qC(e, τC , τs) > qI∗(eI , τ I)

λqI(e, τ I , τs) + qC(e, τC , τs)− λqC(e, τC , τs) > qI∗(eI , τ I)

λ[qI(e, τ I , τs)− qC(e, τC , τs)] > qI∗(eI , τ I)− qC(e, τC , τs)

Which implies

0 < λ <
qC(e, τC , τs)− qI∗(eI , τ I)

qC(e, τC , τs)− qI(e, τ I , τs)
< 1 (18)

From τC < τ I , the second period first-order condition signifies that the denominator
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is positive. Hence,

qC(e, τC , τs)− qI∗(eI , τ I) < qC(e, τC , τs)− qI(e, τ I , τs)

qI∗(eI , τ I) > qI(e, τ I , τs) (19)

Proposition 4.2 There exists a set of λ ∈
(
0, qC(e,τC ,τs)−qI∗(eI ,τI)

qC(e,τC ,τs)−qI(e,τI ,τs)

)
for which there

are strike prices defined by τ I > τs > τC, such that the CCfD induces the incumbent’s

optimal carbon intensity eI∗(τ I)

Equation (19) suggests that No combination of λ, τ I , τC , τs simultaneously imple-

ments the incumbent’s optimal level of production qI∗(eI , τ I) and its optimal carbon

intensity level eI∗(τ I). When the incumbent is reappointed, the existence of payments

from the firm to the government reveal under-production, since those payments are

a markup on the marginal production cost. Alternatively, when the challenger gains

power, (17) and (19) indicate that

qC(e, τC , τs) > qI∗(eI , τ I) (20)

Consequently, if the challenger wins the election, it sets τC < τs and the government

pays the firm for each unit produced. This is akin to a production subsidy and it

results in over-production from the incumbent’s perspective.

Proposition 4.3 No combination of λ, τ I , τC , τs simultaneously implements the in-

cumbent’s optimal level of production qI∗(eI , τ I) and its optimal carbon intensity level

eI∗(τ I)

Even in the absence of policy deviation, where the incumbent government would

manipulate τ ̸= τ I after the investment is made, we find that it is impossible to

induce both the optimal carbon intensity level eI∗ and the counterfactual certainty

production plan qI∗ through carbon contracts for difference.
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5 The Optimal Strike Price

We now turn to the policymaker’s problem. The objective is no longer to try to

reproduce a first-best allocation, but to design a contract that maximizes expected

welfare given the political and behavioral frictions described above. What changes

here is the policymaker’s perspective: rather than taking the firm’s reaction functions

as constraints in an implementation problem, we now view them as components of

an endogenous equilibrium that defines welfare. This shift marks the transition from

a purely positive analysis, showing how the contract operates, to a more norma-

tive one. In what follows, we characterize the optimal strike price that satisfies the

second-best welfare maximization problem under uncertainty. As before, we remain

agnostic about how CCfDs compare to other climate policy instruments.

Let the incumbent’s social welfare function be defined as

W (e, q) = pq − τeq + (τs − τ)(ē− e)q − C(q)−K(e)︸ ︷︷ ︸
π

− ψeq︸︷︷︸
env. dmg

+ τeq︸︷︷︸
tx. rev.

− (τs − τ)(ē− e)q︸ ︷︷ ︸
CCfD payments

(21)

The incumbent government takes the representative firm’s profit into account, as

well as environmental damages, carbon tax revenues and CCfD payments. In our

model, the carbon tax and the CCfD payments are welfare neutral as they only act

as transfers between the firm and the government. They do however have an effect

on the firm’s abatement and production decisions. We can therefore rearrange and

simplify (21)

W (e, q) = pq − C(q)−K(e)− ψeq
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Expected welfare is thus given by:

E[W ] = λ
[
pqccfdI − C(qccfdI )−K(eccfd)− ψeccfdqccfdI

]
+ (1− λ)

[
pqccfdC − C(qccfdC )−K(eccfd)− ψeccfdqccfdC

]
. (22)

The government chooses τs, taking the firm’s best-response functions q(τs), e(τs)

as given. We denote:

qI(τs) ≡ qI , qC(τs) ≡ qC , e(τs) ≡ e,

and rewrite the objective:

E[W ] = λ [pqI − C(qI)− ψeqI ] + (1− λ) [pqC − C(qC)− ψeqC ]−K(e). (23)

Differentiating with respect to τs, we obtain the first-order condition:

dE[W ]

dτs
= λ

[
(p− C ′(qI)− ψe)

dqI
dτs

− ψqI
de

dτs

]
+ (1− λ)

[
(p− C ′(qC)− ψe)

dqC
dτs

− ψqC
de

dτs

]
−K ′(e)

de

dτs
= 0. (24)

The first term in each bracket represents the welfare effect of increased output

induced by a higher strike price. CCfD payments act like a subsidy, encouraging

production; however, this gain is tempered by two elements: the marginal cost of

production C ′(q) and the environmental externality ψe, both of which reduce the net

benefit of additional output. The second term in each bracket reflects the marginal

increase in environmental damages resulting from the induced change in abatement

effort. As the strike price increases, the firm typically abates more (i.e., lowers e),

but since total emissions are given by eq, more abatement shifts the environmental

cost through both the changing intensity e and the level q. Finally, −K ′(e) · ∂e
∂τs

captures the technological cost of increased abatement: as the strike price rises, the
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firm invests more in reducing emissions intensity, which is costly due to the convexity

of the cost function K(e). This term reflects the welfare loss from pushing firms to

abate more aggressively than is socially optimal. Overall, the government faces a

trade-off: raising τs reduces investment risk and increases expected abatement, but

also leads to potentially excessive emissions and costly over-investment.

5.1 State-specific marginal welfare effects

It is useful to decompose the welfare derivative (24) as

dE[W ]

dτs
= λFI(τs;λ) + (1− λ)FC(τs;λ), (25)

where each term represents the marginal welfare effect in one political state ∈ I, C:

Fj(τs;λ) = (p− C ′(qj)− ψe)
dqj
dτs

− (ψqj +K ′(e))
de

dτs
. (26)

For each j ∈ {I, C}, define the hypothetical marginal strike τ̂ js (λ) as any solution

to

Fj(τs;λ) = 0, for j ∈ {I, C} (27)

These benchmarks are not the optimal strikes in counterfactual economies where only

state j matters. In such environments, the firm’s abatement and output decisions

would differ. Instead, τ̂ js (λ) is a derivative-based benchmark : the strike at which the

state-j contribution to the marginal welfare effect would change sign, evaluated at

the true equilibrium responses e(τs) and qj(τs).
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5.2 Characterizing the optimal strike

The optimal strike solves the full first-order condition

F (τs;λ) ≡ λFI(τs;λ) + (1− λ)FC(τs;λ) = 0. (28)

Under certain assumptions3, F (τs;λ) is concave in τs.

Proposition 5.1 (Characterization of the optimal strike price) For each λ ∈

(0, 1), let τ ∗s (λ) be an interior solution to

F (τs;λ) = λFI(τs;λ) + (1− λ)FC(τs;λ) = 0, (29)

Suppose that for each λ:

(a) F (τs;λ) is continuous and F ′(τs;λ) is strictly decreasing in τs
4;

(b) FI(τs;λ) > FC(τs;λ) for all τs.5

Then for every λ ∈ (0, 1):

1. there exists a unique optimal strike τ ∗s (λ);

2. τ ∗s (λ) is weakly increasing in λ;

3. τ ∗s (λ) → τI as λ→ 1 and τ ∗s (λ) → τC as λ→ 0.

By (a), F (·;λ) crosses zero at most once, so any interior solution is unique. Ex-

istence follows from the sign change: F (τC ;λ) > 0 and F (τI ;λ) < 0 (state I prefers

a higher strike than state C), together with continuity.
3See appendix for the proof
4see appendix, where we show that this is true for quadratic costs
5Condition (b) follows from the fact that state I generates a higher carbon price than state

C. An increase in τs moves the firm’s behavior toward state I’s policy and away from the policy
preferred in state C.
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For (2.), differentiate the identity F (τ ∗s (λ);λ) = 0:

∂F

∂τs
(τ ∗s (λ);λ)

dτ ∗s (λ)

dλ
+
∂F

∂λ
(τ ∗s (λ);λ) = 0. (30)

Condition (a) implies ∂F/∂τs < 0, while (b) gives ∂F/∂λ = FI − FC > 0. Hence

dτ ∗s (λ)/dλ ≥ 0.

For (3.), as λ → 1 we have F (τs;λ) → FI(τs; 1), whose unique zero is τI , so

τ ∗s (λ) → τI by continuity; the case λ→ 0 and τC is analogous.

The results highlight that political risk enters the optimal contract in a disciplined

way. An increase in λ raises the marginal welfare gain of increasing the strike price

because it places more weight on the state in which higher emissions pricing is desir-

able. This effect operates entirely through the marginal welfare derivative and does

not rely on corner solutions or discontinuous policy adjustments. As a consequence,

small changes in political prospects lead to small changes in the optimal strike, rein-

forcing the interpretation of the CCfD as a stabilizing instrument.

Finally, proposition 5.1 abstracts from quantity-based constraints on firm behav-

ior. The strike price influences output and abatement only through firms’ optimal

responses, and nothing prevents firms from expanding output when it is privately

profitable to do so. This feature becomes important once production caps are intro-

duced. In the presence of a cap, changes in the strike price may affect welfare both

through price incentives and through the activation or relaxation of the quantity con-

straint. Section 6 explores how this additional margin modifies the characterization

of the optimal strike and whether political uncertainty can justify the joint use of

price and quantity-based instruments.
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6 CCfDs with a cap on output

We now consider a case where the CCfD generates transfers until an output limit

q̄ is reached. The main intuition, which is widespread in the literature, is to revert

to a benchmark that isn’t directly tied to the firm’s behavior so that the payment

becomes less distortive (Schlecht et al., 2024; Newbery, 2023). A capped-output can

be understood in multiple ways, each with different implications for efficiency and

credibility. For instance, a natural benchmark would be setting the cap q̄ at last

year’s (or period) production level to anchor transfers to a verifiable benchmark,

while avoiding direct dependence on current firm behavior. This approach closely re-

sembles “grandfathering” in emissions trading systems, where allowances are allocated

based on historical output or emissions. Previous work on contracts for difference

in the electricity market, notably by Schlecht et al. (2024) have proposed solutions

for reducing distortions that arises when CCfD payments scale linearly with output.

Another possibility is to set the cap in reference to an industry-wide average, so that

q̄ reflects sectoral rather than firm-specific activity. Such a design reduces the risk of

rewarding firms with systematically higher output histories and has parallels in the

literature on benchmarking allocation in the EU ETS (Neuhoff et al., 2012). Finally,

one could adopt a declining cap over time, in line with long-run decarbonization tra-

jectories, making q̄ a dynamic function that tightens across contract years.

By tying compensation only to infra-marginal output, the cap introduces discon-

tinuities in firms’ expected revenue streams (Schlecht et al. (2024)). Third, historical

or negotiated baselines used to set q̄ can generate distributional inequities, advan-

taging incumbents with high past output while penalizing new entrants, as seen in

grandfathering debates in emissions trading (Ellerman et al., 2010; Neuhoff et al.,

2012). While these issues are important, we abstract from them in this paper.

A useful real-world reference point is provided by the recently introduced Kli-
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maschutzverträge (climate protection contracts) in Germany. These contracts are

explicitly designed to support deep decarbonisation investments in energy-intensive

industries by compensating firms for the additional costs of low-carbon production

relative to a conventional reference technology. In particular, compensation is not

automatically proportional to realised output at the subsidised carbon price, but is

instead tied to project-specific benchmarks, contractual volumes, and predefined eli-

gibility criteria.6

At the same time, the German contracts are explicitly designed as an investment-

triggering instrument rather than as a generic output subsidy. Contracts are awarded

through competitive bidding and specify ex ante the eligible technology, reference

emissions intensity, and the scale of production or emissions reductions covered by

the agreement. Payments are thus conditional on the deployment and operation

of a particular low-carbon process and are limited to a predefined contractual vol-

ume. This design reflects the policy objective of accelerating the adoption of specific

decarbonisation pathways, such as green steel, low-carbon chemicals, or process elec-

trification that would not be profitable even under anticipated future carbon prices,

absent additional support. From the perspective of the model developed above, these

institutional features can be interpreted as a deliberate restriction on the domain

over which CCfD payments apply. By tying compensation to a benchmarked refer-

ence technology and capping the volume eligible for support, the contracts preserve

the role of CCfDs as a commitment device that de-risks investment in low-carbon

capital, while limiting the extent to which payments scale mechanically with realised

output. In particular, they prevent firms from expanding production purely to in-

crease transfers when the contractual strike price exceeds the market carbon price.
6see https://www.klimaschutzvertraege.info/startseite
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6.1 The firm’s problem with a cap on output

The representative firm now solves

max
e

E

max
q≥0

pq − eτq + (ē− e)(τs − τ)min(q, q̄)︸ ︷︷ ︸
CCfD

−C(q)


︸ ︷︷ ︸

period 2

−K(e)

 (31)

Because the CCfD transfer saturates at q̄, the optimality condition of the period 2

problem is now piecewise:

C ′(q) =


p− eτ + (ē− e)(τs − τ), if q ∈ [0, q̄),

p− eτ, if q ∈ (q̄,∞).

The piecewise condition shows that the CCfD payment behaves like a per-unit markup

on marginal revenue only up to the cap q̄. When τs > τ , the pre-cap segment shifts

the effective marginal revenue by (ē − e)(τs − τ), modifying the production incen-

tives. Once q reaches q̄, the transfer ceases to grow with q; the marginal production

condition drops to C ′(q) = p− eτ , which is (3). Geometrically, the case where τ < τs

is illustrated in figure 1, which shows a downward jump in the marginal revenue line

at q = q̄. The period-1 first order condition is

0 = E
[
∂π

∂e
(q∗(e, τ); e, τ)

]
− K ′(e)

= −
{
λ
[
τ IqI + (τs − τ I)min(qI , q̄)

]
+ (1− λ)

[
τCqC + (τs − τC)min(qC , q̄)

]}
− K ′(e),

which we can rewrite compactly as

−K ′(e) = λ
[
τ IqI + (τs − τ I)min(qI , q̄)

]
+ (1− λ)

[
τCqC + (τs − τC)min(qC , q̄)

]
.

(32)

Equation (32) shows that the marginal return to abatement intensity (the reduc-
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q = q̄

p− eτ + (ē− e)(τs − τ)

p− eτ
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Figure 1: Optimality with a capped CCfD : the effective marginal benefit (MB) has
a discountinuity at q = q̄.

tion in per-unit emissions e) equals the expected reduction in tax payments plus the

expected CCfD top-up evaluated at the minimum between the capped output and

the actual output. Naturally, this is weakly increasing in the size of the cap. The

first-order condition shows that the marginal value of abatement combines expected

tax savings E[τq] with expected CCfD payments E[(τs − τ)min{q, q̄}]. Intuitively,

the government preserves compensations for infra-marginal units (up to q̄), yet avoids

affecting the full production output.

When the cap is non-binding, the marginal subsidy (ē− e)(τs − τj) affects output

directly, and
∂q∗j
∂τs

=
ē− e

C ′′(q∗j )
− τs
C ′′(q∗j )

∂e

∂τs
.

When the cap binds, the direct term disappears and only the indirect effect via

abatement remains:
∂q∗j
∂τs

= − τ

C ′′(q∗j )

∂e

∂τs
,
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The effective expected wedge is

E[ωmarginal] = (ē− e)[λ(τs − τI)1{qI ≤ q̄}+ (1− λ)(τs − τC)1{qC ≤ q̄}] . (33)

The capped contract generates asymmetric effects across states: it suppresses

excessive output when carbon prices are low, and alleviates excessive contraction

when prices are high.

6.2 Cap monotonicity and welfare effects

Let mj ≡ min{qj, q̄} and Ij ≡ 1{qj < q̄} for j ∈ {I, C}. From Section 5, expected

welfare (net of transfers) with environmental damages is

E[W ] = λ [pqI − C(qI)− ψeqI ] + (1− λ) [pqC − C(qC)− ψeqC ] − K(e), (34)

while the period-1 first-order condition with a capped CCfD is

−K ′(e) = λ
[
τIqI + (τs − τI)mI

]
+ (1− λ)

[
τCqC + (τs − τC)mC

]
. (35)

Differentiating (34) in τs and using the period-2 conditions yields the strike price first

order condition

G(τs; q̄) ≡
dE[W ]

dτs
= λ (p− C ′(qI)− ψe) II

∂qI
∂τs

+ (1− λ) (p− C ′(qC)− ψe) IC
∂qC
∂τs

−
[
ψ(λqI + (1− λ)qC) +K ′(e)

] ∂e
∂τs

= 0, (36)

with ∂mj/∂τs = Ij ∂qj/∂τs and p − C ′(qj) = eτj if Ij = 0, and p − C ′(qj) =

eτj − (ē− e)(τs − τj) if Ij = 1.

An increase in q̄ affects G(τs; q̄) via: (i) the direct output channel Ij, which is

weakly increasing in q̄ (it can switch from 0 to 1 but not the reverse), thereby switch-
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ing on the direct strike effect on qj in state j; (ii) the abatement channel through

mj in (35), which raises (weakly) ∂e/∂τs whenever a binding cap is relaxed, since

∂mj/∂q̄ = 1 locally.

For any strike τs, define

q̄∗(τs) = max
{
qccfdI (τs), q

ccfd
C (τs)

}
,

the highest output the firm would choose in either state if production were uncon-

strained. If the cap satisfies q̄ ≥ q̄∗(τs), then it is inoperative: the firm optimally

produces below q̄ because its marginal cost is sufficiently high. Thus, the cap ceases

to affect behavior at any level exceeding q̄∗(τs), which depends on the curvature of

C ′(q).

Proposition 6.1 (Monotonicity of the optimal strike price in the cap) Let τ ∗s (λ, q̄)

be any interior solution to G(τs; q̄) = 0, where G(τs; q̄) ≡ dE[W ]/dτs is given in (36).

If q̄′ > q̄, then

G(τs; q̄
′) ≥ G(τs; q̄) for every fixed τs.

Therefore the optimal strike price is weakly increasing in the cap:

q̄′ > q̄ =⇒ τ ∗s (λ, q̄
′) ≥ τ ∗s (λ, q̄).

If q̄ ≥ q̄∗(τs), the cap is slack in both states at the optimum, so the equilibrium

allocation and G(τs; q̄) coincide with those in the no-cap problem:

G(τs; q̄) = G(τs) for all q̄ ≥ q̄∗(τs).

Remember that G(τs; q̄) is the marginal welfare effect of a change in the strike

price. Raising q̄ can only (i) turn on the pre-cap term by switching Ij = 1{qj < q̄}

from 0 to 1, which adds a nonnegative contribution to G(·); and (ii) increase mj
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where the cap binds, which raises the numerator in the expression for ∂e/∂τs, thereby

(weakly) increasing the indirect effect of τs in G(·). Hence G(τs; q̄′) ≥ G(τs; q̄) at every

τs, so the zero of G(·) cannot move left.

6.3 Welfare with a cap on output

The government now solves

max
τs,q̄

E[W ](τs, q̄), (37)

This problem nests the benchmark without a cap; for any τs, choosing q̄ large enough

makes the cap inoperative and reproduces the uncapped allocation from section 5.

To make this comparison explicit, define the value functions

V no cap(λ) = max
τs

E[W ](τs,∞), V cap(λ) = max
τs,q̄

E[W ](τs, q̄) (38)

Because the capped problem allows the government to replicate the uncapped al-

location by choosing an inoperative cap, welfare with a cap has to be at least weakly

higher than that without. The more interesting question is therefore when the in-

equality is strict.

The cap affects welfare only when it binds in at least one state. When binding, the

cap removes marginal units of output around q̄. Whether this is desirable depends

entirely on the social marginal benefit of those units, evaluated at the equilibrium

induced by (τs, q̄). This observation leads to the following characterization.

Proposition 6.2 (Welfare effects of a production cap) Let E[W ](τs, q̄) denote

expected welfare evaluated at the capped equilibrium induced by the policy pair (τs, q̄),
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and define the value functions

V no cap(λ) ≡ max
τs

E[W ](τs,∞), (39)

V cap(λ) ≡ max
τs,q̄

E[W ](τs, q̄). (40)

Then the following results hold for all λ ∈ (0, 1):

1. (Weak dominance)

V cap(λ) ≥ V no cap(λ).

2. (Strict improvement) The inequality is strict if and only if, at the opti-

mal uncapped strike τno caps (λ), there exists a state j ∈ {I, C} and a level

q̄ < qj(τ
no cap
s (λ)) such that the cap binds in that state and the social marginal

benefit of output at the cap is negative:

p− C ′(q̄)− ψ e(τno caps (λ),∞) < 0.

3. (Inoperative cap) If (τ ∗s (λ), q̄∗(λ)) satisfies q̄∗(λ) ≥ q̄∗(τ ∗s (λ)), where q̄∗(τs) is

the threshold above which the cap never binds, then

E[W ](τ ∗s (λ), q̄
∗(λ)) = E[W ](τ ∗s (λ),∞),

and the optimal capped policy coincides with the uncapped one.

Proposition 6.2 clarifies the role of the cap as a genuinely distinct policy instrument.

The cap cannot reduce welfare (when rationally chosen) because it enlarges the gov-

ernment’s choice set. The key condition is the sign of the social marginal benefit at

the discountinuity. If, under the optimal uncapped strike, the firm produces units for

which marginal production costs and environmental damages exceed marginal bene-

fits, then a binding cap raises welfare by truncating precisely those units
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Finally, the comparison with the uncapped case clarifies the distinct roles played

by price- and quantity-based instruments in this environment. The strike price affects

welfare exclusively through firms’ interior responses: changes in τs induce smooth ad-

justments in output and abatement via the firm’s first-order conditions. By contrast,

the production cap affects welfare only at the boundary, by truncating output in

states where firms would otherwise produce beyond (below) a given threshold. As a

consequence, political uncertainty by itself does not justify the use of a cap. When

the optimal strike price alone ensures that all equilibrium output has positive social

marginal value, the cap is optimally inoperative and adds no welfare gains. The

cap becomes valuable precisely when the politically constrained strike price fails to

eliminate socially inefficient output in some state—i.e., when there exists a range

of production levels with negative social marginal benefit that cannot be ruled out

through price incentives alone. In that case, a binding cap raises welfare by removing

those residual units, complementing the strike price rather than substituting for it.

7 Discussion

7.1 Carbon intensity and the rebound effect

Our results demonstrate that contracts for carbon difference (CCfDs) can reduce the

cost of uncertainty for clean technology investment, especially in politically unstable

settings. By guaranteeing a minimum carbon price, CCfDs provide firms with revenue

certainty, mitigating the policy risk that future governments may reverse or weaken

carbon pricing regimes. However, this insurance function comes at a cost. In the

event that the incumbent government loses power and its successor rolls back carbon

pricing, the CCfD obliges the state to compensate the firm for the difference between

the guaranteed and actual carbon prices. While this ensures investor protection, it

also introduces a new form of distortion. If the firm continues to receive payments

as though the carbon price were high — even though the actual carbon price is low

38



— it may have an incentive to increase output beyond the contract emitter’s (the in-

cumbent) optimum. This generates a rebound effect: the guaranteed revenue stream

decouples production decisions from carbon externalities and decreases the marginal

cost of production, resulting in higher production than would have occurred under

the incumbent’s original carbon pricing regime.

In essence, the CCfD stabilizes investment incentives but not emissions outcomes.

Once the political environment shifts and the carbon price collapses, the firm still

benefits from the shadow price embedded in the CCfD, but now faces lower marginal

costs of production. Unless the contract includes quantity-based safeguards or reg-

ulatory constraints, the result is a level of production that exceeds what would be

socially optimal under the previously higher carbon prices. This undermines the

environmental integrity of the policy and raises questions about long-term climate

effectiveness. This result introduces a fundamental intertemporal trade-off: CCfDs

can align private investment with long-term decarbonization goals, but at the risk

of locking in emissions trajectories that may become misaligned with future political

realities. This suggests that CCfDs may be most appropriate when paired with addi-

tional mechanisms — such as production limits, performance standards, or clawback

provisions — that could realign incentives in the event of major policy shifts. We do

not explore these solutions, but think that they might be relevant for future work.

7.2 Political uncertainty, instrument design, and democratic

constraints

The analysis highlights how political uncertainty shapes the design and performance

of climate policy instruments in a democratic setting. In the absence of full commit-

ment, future governments may revise carbon prices in response to electoral outcomes,

creating policy risk for firms and weakening investment incentives. CCfDs mitigate

39



this risk by decoupling firms’ effective carbon prices from realized political decisions.

By fixing a strike price ex-ante, the government provides partial insurance against

adverse political realizations while preserving some control over the future.

The strike price balances the welfare consequences of different political states,

weighted by their likelihood. As a result, even when reelection is likely, the optimal

strike generally remains below the incumbent’s preferred carbon price, while still ex-

ceeding the opposition’s preferred price when political turnover is likely. The CCfD

therefore compresses the range of effective carbon prices faced by firms, reducing

policy-induced volatility at the cost of persistent second-best distortions in each re-

alized state.

By guaranteeing a fixed carbon price over a specified period, Carbon Contracts

for Difference (CCfDs) provide long-term certainty for investors, thereby facilitat-

ing large-scale decarbonization projects. However, while their economic rationale is

compelling — particularly in contexts plagued by political volatility or policy uncer-

tainty — some might argue that CCfDs raise fundamental questions about democratic

governance. Specifically, the binding nature of these contracts, which obligates gov-

ernments to honor compensation schemes irrespective of future political shifts, may

undermine the democratic principle that current governments should not constrain

the policy space of their successors (Maskin and Tirole (2004); Besley and Coate

(2001)). A central tenet of democratic accountability is the capacity of successive

governments to adapt policies in accordance with evolving public preferences. Yet

CCfDs impose long-term fiscal obligations that transcend electoral cycles, potentially

limiting the space for future political change. Such guarantees effectively bind future

administrations to fiscal responsibilities determined by their predecessors, regardless

of subsequent shifts in public opinion or electoral outcomes. This arrangement raises

concerns regarding democratic legitimacy, as future voters may find their policy pref-
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erences constrained by decisions made in the past. This democratic deficit is further

exacerbated by the delayed visibility of CCfD-related expenditures. Often, the fiscal

implications of CCfDs — particularly in cases where market carbon prices fall far

below the strike price — do not materialize until several years after the contracts are

signed. This temporal disconnect makes retrospective accountability difficult. Cit-

izens may bear the fiscal consequences of commitments they were not aware of, or

did not support at the time of their inception. As emphasized in the literature on

fiscal transparency and intertemporal policy design, such dynamics weaken the link

between democratic will and budgetary outcomes (Persson et al. (1997)).

Moreover, the intertemporal nature of CCfDs raises issues of intergenerational

equity. By committing future public funds to compensate private investors, present-

day governments may reduce the fiscal flexibility available to future generations —

precisely at a time when these generations may face new or more urgent climate,

social, or economic challenges. The principle of intergenerational justice, central to

both democratic theory and environmental economics, asserts that no generation

should impose undue constraints on the policy autonomy or welfare of those that fol-

low (Rawls (1971)). Insofar as CCfDs shift risk forward in time, they risk violating

this principle. Indeed, in the absence of complementary institutional safeguards (e.g.,

parliamentary oversight, sunset clauses, or contingent escape options), such contracts

could lock in spending patterns that crowd out future climate or social priorities (see

Alesina and Tabellini (1990)).

Yet, the critique of CCfDs as “anti-democratic” relies on a narrow conception of

democracy as policy reversibility. A more capacious view would acknowledge that

democracy also requires institutions that credibly uphold prior democratic decisions,

particularly when those decisions involve long-term societal goals. In this broader

frame, CCfDs function as instruments of democratic continuity. They translate pol-
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icy mandates — often resulting from democratic deliberation and electoral compe-

tition — into credible, durable commitments that survive beyond a single electoral

cycle. In this sense, CCfDs enhance what might be called ex-ante democratic le-

gitimacy. Their existence allows electorates to vote for climate ambition and have

those preferences implemented, or at least get an allocation that is closer to those

preferences, even in the face of later political turnover. The literature on time in-

consistency and commitment in political economy provides useful parallels here. As

Kydland and Prescott (1977) and more recently Harstad (2020) argue, political actors

often lack the incentives or ability to implement policies with long-run payoffs, par-

ticularly when re-election incentives dominate. In such settings, commitment devices

— including independent agencies, fiscal rules, or contracts like CCfDs — can help

overcome this gap between stated preferences and actual outcomes. Without such

mechanisms, electorates may find themselves repeatedly voting for climate action,

only to witness policy reversals or implementation failures. This cycle erodes both

policy effectiveness and citizen trust.

Moreover, CCfDs mitigate a distinct market failure: the hold-up problem that

arises when private investors anticipate future policy reversal. By providing credible

guarantees, CCfDs de-risk capital flows into clean technologies, therefore translating

voter preferences for decarbonization into concrete infrastructure. In doing so, they

align long-term societal objectives with private incentives, a core challenge in pub-

lic economics. Ultimately, the democratic tension posed by CCfDs is not between

commitment and accountability, but between different dimensions of accountability:

responsiveness to evolving preferences versus responsibility to past mandates. Viewed

this way, CCfDs are not inherently anti-democratic; they are a means of preserving

democratic intent over time, in a political environment that is often short-sighted

and institutionally fragmented.
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From a policy perspective, our findings suggest that CCfDs should not be viewed

as neutral financial instruments but as deeply political tools that redistribute risks

across time and across governments. Their design must therefore account not only

for technological cost curves and market dynamics, but also for the political economy

in which they operate. This has implications for the optimal length, size, and fiscal

treatment of CCfDs, as well as for complementary institutional safeguards, such as

parliamentary oversight, sunset clauses, or flexible renegotiation mechanisms that

can mitigate their rigidity without eroding credibility. We have avoided most of

these issues, but we think that this is grounds for future work.

8 Conclusion

This paper studied how political turnover affects the design of Carbon Contracts for

Difference (CCfDs) as instruments to promote investment under uncertain climate

policy. We showed that while such contracts can mitigate the credibility problem that

arises from electoral uncertainty, they cannot generally implement the incumbent

government’s preferred allocation. By guaranteeing a fixed strike price for carbon,

CCfDs transform uncertainty about future policy into a contingent fiscal obligation.

This mechanism can stabilize investment incentives, but the implied transfers act as

subsidies that distort production and abatement decisions.

Our analysis demonstrated that the level of the strike price is central to this trade-

off. For any chosen strike price, the contract alters both the firm’s abatement and

production decisions relative to the first-best outcome. A higher strike price strength-

ens the investment incentive but increases expected transfers and output distortions,

while a lower strike price reduces fiscal exposure at the cost of weaker abatement ef-

fort. The optimal contract therefore balances credibility against fiscal cost: the strike

price lies between the two parties’ policy preferences and depends on the probability

that the incumbent remains in office. Greater political credibility supports a higher
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strike price and smaller expected transfers, whereas weaker credibility calls for more

conservative terms. The strike price lies between the two parties’ policy preferences

and depends on the probability that the incumbent remains in office. Greater politi-

cal credibility supports a higher strike price and smaller expected transfers, whereas

weaker credibility calls for more conservative terms. We also showed that the struc-

ture of the contract itself affects efficiency. When payments apply to all units of

output, firms expand production in low-price states, amplifying both fiscal exposure

and emissions. Limiting payments to a fixed quantity of output disciplines this re-

sponse without undermining the stabilizing effect on investment. Such a bounded

design preserves the essential role of CCfDs in committing to a credible price path

while containing the consequences of extreme policy outcomes. Taken together, these

results imply that CCfDs can alleviate, though not eliminate, the commitment prob-

lem inherent in climate policy under democracy.

The paper deliberately abstracts from several important considerations. It does

not compare CCfDs to alternative policy instruments, nor does it address issues of

fiscal capacity, political commitment to honoring contracts, or strategic interactions

between firms and governments beyond the representative-agent framework. These

limitations point to natural extensions. Allowing for heterogeneous firms, endogenous

political platforms, or explicit budget constraints could further clarify when CCfDs

are desirable and how they should be combined with other climate policies. Over-

all, the results caution against viewing CCfDs as a frictionless solution to political

uncertainty in climate policy. While they can play a useful role in sustaining clean

investment under turnover risk, their design inevitably involves trade-offs between

credibility and production efficiency. Understanding and managing these trade-offs

is central to the effective use of long-term climate policy instruments in politically

uncertain environments.
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Appendix - Welfare Verification under Quadratic Costs

Let

C(q) = c
2
q2, K(e) = k

2
e2, c > 0, k > 0.

Under quadratic costs the firm’s first–order conditions in states I and C take the

form

p− τje+ (ē− e)(τs − τj) = cqj, j ∈ {I, C},

and the abatement condition is

λ(τIqI + (τs − τI)qI) + (1− λ)(τCqC + (τs − τC)qC) = −ke. (41)

All three equations are linear in (qI , qC , e), and their coefficients depend affinely on

τs. Solving this linear system yields

qj(τs;λ) = aj(λ) + bj(λ) τs, e(τs;λ) = ae(λ) + be(λ) τs, (42)

with coefficients aj, bj, ae, be determined by (c, k, p, ē, ψ, τI , τC , λ). No higher-order

terms in τs arise because all equations are linear.

Substitute (42) into the welfare expression

E[W ] = λ[pqI − C(qI)− ψeqI ] + (1− λ)[pqC − C(qC)− ψeqC ]−K(e). (43)

Since qI , qC , e are affine in τs and C(·) and K(·) are quadratic, the resulting expression

is a polynomial in τs of degree at most two:

E[W ](τs;λ) = A2(λ)τ
2
s + A1(λ)τs + A0(λ), (44)
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A direct calculation shows

A2(λ) = − c
2

[
bI(λ)

2 + (1− λ)bC(λ)
2
]
− k

2
be(λ)

2 < 0, (45)

because c > 0, k > 0, and the slopes bI , bC , be are nonzero except in trivial cases.

Thus:

∂2E[W ](τs;λ)

∂τ 2s
= 2A2(λ) < 0, since A2(λ) < 0 (46)

so welfare is strictly concave in the strike.
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