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Abstract

The Paris Agreement is designed to increase climate ambition gradually through a process of
ratcheting up. What is the plausible endpoint of this process? We develop a tractable integrated
assessment model in which countries interact through a decentralized general equilibrium and
negotiate unanimously over a global carbon budget, with all mitigation implemented via a global
carbon price. We prove existence and uniqueness of a unanimous international agreement on global
emissions, in which carbon pricing revenues are redistributed across countries in proportion to
marginal climate damages. In a quantitative application for 154 countries, the resulting equilibrium
limits global mean surface temperature change to 1.51C, at a carbon price of 320 USD/tCO2. The
associated international transfers of carbon pricing revenue are progressive toward lower-income
countries and amount to about 0.8% of global GDP annually - an order of magnitude larger than the
Paris Agreement’s climate finance target.
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Non-technical summary

What is a plausible outcome for climate policy by end of the century? Given our economic system, is
it reasonable to expect that the world can keep warming to well below 2°C as committed to in the
Paris Agreement? And what international climate finance is necessary to achieve global mitigation of
greenhouse gases? Is 100 to 300 billion USD, the current annual commitments, the right number?

While economics has generally been pessimistic about international cooperation in the absence of
enforcement mechanisms, this work comes to a different conclusion. The authors build a tractable
integrated assessment model to show that there is room for unanimous agreement on a global carbon
market. This work proposes a mechanism by which carbon pricing is used for mitigation of
greenhouse gases, and global carbon pricing revenue is redistributed to each country proportional to
a country’s marginal climate damages. In this way, countries have an incentive to work together and
increase mitigation ambition.

Key messages for decision-makers

 The Paris Agreement was crafted to enable a virtuous cycle of climate action by enabling
countries to commit to more ambitious climate action after seeing that other countries do the
same. This process is called “ratcheting up”, and it plays out in what is called the global stocktake.

 In this way, the Paris Agreement is expected to drive climate action that becomes more ambitious
over time. Before the signing of the Paris Agreement, the world was on track for a global warming
outcome of 3.7°C above pre-industrial temperatures. Now, according to the latest modelling of
country commitments, warming might be limited to 2.8°C.

 Despite these near-term modelling predictions, it is still unknown what the end result of ratcheting
up the Paris Agreement could look like. In this work, we find that there is room for cautious
optimism: ratcheting up the Paris Agreement is possible for both temperature targets and the
often-overlooked climate finance ambition.

o Global mean surface temperature increase could be limited to 1.51°C.
o At an average carbon price of 320 USD/tCO2.
o Annual international flows of climate finance would be 2.1 trillion USD, or about 0.8 % of

global GDP, GDP on average over the modelling horizon through 2100, an order of
magnitude above the current climate finance ambition of the Paris Agreement.

 Our estimate for international climate finance flows can inform the future COP negotiations about
quantified goals for international climate finance.

 While large, a number of 2.3 trillion USD per year in international climate finance is only about
30 % of the overall amount of global fossil fuel subsidies per year, according to the International
Monetary Fund.



NBB WORKING PAPER – No. 486 – JANUARY 2026

TABLE OF CONTENTS

1. Introduction............................................................................................................................... 1

1.1. Related literature ...................................................................................................................... 3

2. Model and equilibrium concepts............................................................................................... 5

2.1. The economy............................................................................................................................ 6

2.2. International agreement on the carbon budget ........................................................................ 8

2.3. Global unanimity general equilibrium....................................................................................... 9

3. Quantitative application.......................................................................................................... 10

3.1. Economic functions and endowments ................................................................................... 10

3.2. Climate damages and government’s utility ............................................................................ 11

3.3. Finding the global unanimity general equilibrium................................................................... 13

4. Results of ratcheting up Paris ................................................................................................ 14

4.1. Headline results...................................................................................................................... 15

4.2. International climate finance .................................................................................................. 16

5. Sensitivity analyses and discussion ....................................................................................... 18

5.1. Robustness to different model calibration.............................................................................. 18

5.2. Comparison to hypothetical Pareto-efficient outcome ........................................................... 20

5.3. Importance of altruism assumption ........................................................................................ 25

6. Conclusion ............................................................................................................................. 27

Bibliography...................................................................................................................................... 28

Appendices....................................................................................................................................... 33

National Bank of Belgium - Working Papers Series......................................................................... 53



1 Introduction

In the 2015 Paris Agreement, the world committed to limiting climate change to 2◦C, and to pursuing policies

to limit it to 1.5◦C. Nevertheless, the world is currently on track to 2.8◦C (Mobir et al., 2025). The IMF

estimates that existing climate targets achieve only 20% of required cuts in greenhouse gas emissions by 2030

(Black, Parry and Zhunussova, 2023), illustrating the lack of legislated climate ambition. This mismatch

between aspiration and current reality is by design. The Paris Agreement is a cooperative agreement. Instead

of relying on a sanctioning mechanism, the Paris Agreement is designed to work through a virtuous cycle:

stricter mitigation targets by one party should make it easier for other parties to commit to stricter mitigation

targets in turn.

This logic stands in contrast to standard international environmental agreement theory, which predicts

underprovision of mitigation without enforcement (Barrett, 2003, Nordhaus, 2015). Nonetheless, post-Paris

mitigation pledges have tightened, suggesting scope for “ratcheting up”. Before the signing of the Paris

Agreement in 2015, 3.7◦C of warming was the likely outcome (Stavins, 2021). Now, projected warming by

end of century has dropped by nearly 1◦C (Mobir et al., 2025), which gives room for cautious optimism

about humanity’s ability to limit dangerous anthropogenic interference with the climate system.

Parties to the Paris Agreement regularly compare ambition through their nationally determined contribu-

tions (NDCs) as well as the mid-century strategies. Ratcheting up of climate policy ambition is further

institutionalized through the global stocktake, a regular review process to compare ambition across parties

to the Paris Agreement. The first global stocktake started in November 2021 and concluded in the Global

Stocktake Decision at COP28, which highlighted the need to invest ca. US$ 4.3 trillion per year until 2030

into decarbonized energy.1

In this paper, we abstract from this process and instead ask what the end result of such a virtuous circle

could look like. If Paris kept tightening its ambition through repeated negotiations, where would it plausibly

converge?

To answer this question, we build a tractable integrated assessment model which couples a general-equilibrium

and a unanimity-negotiation model to endogenize (i) global emissions, (ii) temperature outcomes, (iii) carbon

prices, and (iv) international climate finance transfers. Through this model, which mimics the key cooper-

ative dimension of the Paris Agreement, we prove existence and uniqueness of a global unanimity general

equilibrium. In equilibrium, emission and abatement decisions are decentralized at the country level, while

governments unanimously agree upon the carbon budget, and global carbon pricing revenue is distributed to

countries proportional to their marginal climate damages. This equilibrium represents what countries could

1Note that the stocktake tries to raise the ambition of both pledges and policies. In this article, we are concerned with what
countries will actually do: the policies. For recent work on the Paris process, see Harstad (2023a,b). More detail on the global
stocktake is available from the UNFCCC at https://unfccc.int/topics/global-stocktake.
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credibly commit to today through the future, taking into account future climate damages. It thus describes

a plausible end game of what ratcheting up of ambition in the Paris Agreement would look like. Carbon

pricing moreover acts as a useful policy-relevant instrument benchmark (Aviso et al., 2024).

To obtain quantitative insights, we calibrate our model on IPCC climate science, economic climate impact

estimates, and abatement cost estimates along with standard macroeconomic data sources for 154 countries,

representing over 98% of the world’s population, GDP, and emissions. Solving the calibrated model in

Mathematica, we derive two key sets of variables: greenhouse gas emissions that all countries would agree

to, as well as the financial flows required to reach this emission level if the agreement were implemented

solely through carbon pricing. Together, these estimates allow us to provide an economic estimate for the

viability of the Paris Agreement’s temperature target, as well as for the magnitude of international climate

finance.

We find that there is room for optimism: in our calibration, ratcheting up of the Paris Agreement is feasible.

In equilibrium, the increase in global mean surface temperature is limited to 1.51◦C, close to the Paris

Agreement’s 1.5◦C ambition and well below its 2◦C temperature target. The global carbon price required to

reach the necessary mitigation is 320 USD/tCO2, which yields annual international climate finance flows of

2.3 trillion USD— or 0.8% of global GDP, which is ca. 20 times the often overlooked climate finance ambition

of the Paris Agreement.2 Overall carbon pricing revenue yields 7 trillion USD per year, the same order of

magnitude that is considered necessary for mitigation investments towards climate neutrality. Moreover,

climate finance is progressive overall, implying fiscal transfers from higher-income to lower-income countries

on average, despite the absence of an explicit redistributive mechanism or preferences for redistribution. The

reason is that climate finance is proportional to marginal climate damages in each country, with lower-income

countries bearing greater impacts of climate change. For the same reason, international climate finance

benefits lower-income recipient countries relatively more than its cost to higher-income donor countries.

To study the robustness of our results, we show that uncertainty about abatement cost and climate damages

has a limited impact about what ratcheting up of Paris could achieve, while uncertainty in climate sensitivity

translates to a wider confidence interval in possible warming. We also show that the hypothetical Pareto

efficient benchmark would lead to a higher optimal warming of 1.86◦C. Lastly, to discuss our findings’

implications compared to the previous literature, we show that maintaining a cooperative spirit is crucial to

attain these results. Only small deviations from the cooperation assumption can be accommodated before

the agreement breaks down. With larger deviations, the model reproduces the less optimistic insights from

the previous literature that guided thinking prior to the signing of the Paris Agreement.

2Moreover, international climate finance is difficult to measure in practice. In our estimates, we only look at direct transfers
or grants, whereas official statistics often include loans, not all of which are on preferential terms.

2



1.1 Related literature

The novelty of our work is in describing endogenous unanimity agreements inside a general equilibrium

system, which, we argue, fits the Paris Agreement’s de facto institutional setting. Our work contributes to

active strands of research in climate and environmental economics on international environmental treaties

(or international environmental agreements (IEAs), as they are known in the research literature).

Our work complements, in both method and outlook, the existing game-theoretic literature, which has

focused mostly on participation. Abstracting from the participatory process, we focus instead on what the

end result could look like. That literature has studied how to design international treaties for effectiveness

in achieving a specific environmental outcome. It originated in the early 1990s (Barrett, 1994, Carraro

and Siniscalco, 1993), and has since grown to be substantially extended and refined (for overviews see,

e.g., Barrett (2003) or Buchholz and Sandler (2021)). Earlier work started based on the assumption of

narrow cooperation, seen through the lens of the pursuit of individual self-interest under the expectation of

self-interested behavior of the other parties (Barrett, 2003). In these cases, dynamics known from prisoner’s

dilemma types of situations ensue: cooperation breaks down without external enforcement. In a 2018 Science

editorial, Scott Barrett summarizes the key predictions of this literature for the Paris Agreement (Barrett,

2018): the Paris Agreement will fail to reduce greenhouse gas emissions sufficiently because of its reliance on

voluntary cooperation. Recent research in this literature is similarly pessimistic (Maggi and Staiger, 2023).

Related economics research on climate clubs — international climate treaties that can impose sanctions on

countries outside the coalition — is more cautiously optimistic. Nordhaus (2015) finds, for instance, that

even small trade penalties imposed by coalition members would lead to substantial and stable participation

while achieving substantial emissions cuts. These findings are generally accepted in the literature to date

(Clausing and Wolfram, 2023, Farrokhi and Lashkaripour, 2025) and have consequently inspired substantial

policy discussions in international forums such as the G7 and by institutions such as the International

Monetary Fund (Parry, Black and Roaf, 2021). However, ambitious mitigation still requires a sanctioning

mechanism.

A more recent literature has found, theoretically, the possibility of self-enforcing agreements through partial

cooperation in a pledge-and-review bargaining game (Harstad, 2016, Caparrós, 2020, Harstad, 2023a,b).

Investment in technology (as a commitment mechanism) and uncertainty (about the possibility of rejection

and consequent delay of an agreement) can explain different breadth and depth of the agreements, with

results strongly depending on the nature of investment costs (Eichner and Schopf, 2024).One take-away from

this literature is that international climate action is either broad-based and unambitious, or limited to a

smaller subset of ambitious countries.

By abstracting from the participatory process and focusing on the possible end result, our methods place our

work into an emerging climate-macro literature (Hassler and Krusell, 2012, Hassler, Krusell and Olovsson,
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2024). Our contribution is to study international climate policy from a cooperative perspective that takes

the design of the Paris Agreement as given. Since its signing in 2015, stated mitigation targets captured in

Nationally Determined Contributions (NDCs) and long-term (or mid-century) strategies have significantly

strengthened. The world is now plausibly on a course toward 1◦C less than it was when the Paris Agreement

was adopted (Mobir et al., 2025), and participation in the Paris Agreement has been nearly universal and

relatively stable. Both observations are at odds with the aforementioned non-cooperative economic literature.

Rather than study treaty formation, we therefore focus on what ratcheting up the Paris Agreement could

lead to. For that purpose, we build a tractable integrated assessment model that abstracts from the process

by which an international climate treaty is formed and instead analyzes the plausible end result. Following

Carattini and Löschel (2021), we impose unanimity as a real-life constraint rather than as a desirability

criterion for the outcome, since unanimity rules apply to all international agreements in the Westphalian

system of sovereign countries.

Our work is also closely related to a nascent economics literature that studies cooperation in international

climate treaties. Carattini, Levin and Tavoni (2019) provide a recent overview of this literature. Cooperation

more generally builds on insights from Ostrom (2010), who posits conditional cooperation: individuals are

willing to cooperate if they expect others to do the same. This concept has been formalized in economics

as a Kantian equilibrium (Roemer, 2010). A nascent literature has applied such tools to international en-

vironmental treaties. Eichner and Pethig (2024) analyze how standard international environmental treaty

results change when countries partially follow a Kantian moral compass. Similarly, Grafton, Kompas and

Van Long (2017) introduce a symmetric Kant–Nash equilibrium framework to analyze how agents motivated

by Kantian ethics interact with traditional Nashian actors in the context of climate change. The study

demonstrates that an increased population share of Kantians leads to superior environmental outcomes and

higher welfare for all. Our concept of equilibrium is both Nashian and Kantian. Countries are Nashian, pur-

suing their personal interests when deciding their production and abatement levels, and so are governments

when deciding their optimal amount of global emissions. On the other hand, unanimity on international

negotiations is equivalent to a strict form of Kantian reasoning in which all agents’ recommended actions

must coincide. Cooperation is built on the acceptance of participation in the international negotiations and

the unanimity rule.

Lastly, our work is of practical relevance to international climate finance negotiations. A recent policy-facing

literature argues that large fiscal transfers across countries are not only required to finance mitigation efforts

needed by the Paris Agreement, but also that such transfers can be in donor countries’ self-interest, given

climate damages (Adrian, Bolton and Kleinnijenhuis, 2022, Bolton, Kleinnijenhuis and Zettelmeyer, 2024).

Our work contributes to the conversation of how to bring about this change by showing a benchmark equi-

librium and quantifying the resulting international climate finance flows at the country level, thus informing

4



real-world policy discussions.3

The remainder of the paper is organized as follows: Section 2 presents the building blocks of our integrated

assessment model and the equilibrium concept, and proves existence and uniqueness. In Section 3, we

calibrate the model for 154 countries, and compute the global unanimity equilibrium that would result from

ratcheting up Paris. Section 4 provides the main economic, temperature, and international climate finance

results. Section 5 studies the robustness of the results. Section 6 concludes.

2 Model and equilibrium concepts

We simulate a world whose countries negotiate an international climate agreement. As in the Paris Agree-

ment, there is no external enforcement, and greenhouse gasses emissions are presumed to reach net-zero for

a climate-neutral world after the second half of this century (Article 4 of the Paris Agreement, 2015). Our

model is static and represents countries’ decisions when choosing their preferred climate target or carbon

budget.

We model the global economy as one with a single good, produced in all countries according to country-

specific production functions, which use labor and capital as inputs, and emit carbon dioxide according to

country-specific carbon intensities. Abatement and emission decisions are decentralized at the firm level.

Capital and output operate in standard competitive markets. Mitigation takes place via carbon pricing. At

the economic equilibrium, given the globally agreed-upon amount of emissions, firms maximize profits, and

prices clear the capital and emission markets.

Governments decide by unanimity on the global level of carbon dioxide emissions, implicitly setting a tem-

perature target. Carbon pricing revenues are returned to each country according to pre-established national

shares. In choosing its desired global level of emissions, each government maximizes its carbon revenue net

of climate damages. A unanimous international agreement is reached when all governments agree upon the

desired global carbon budget.

Finally, we define a global unanimity general equilibrium as an emission target, a share rule of carbon

revenues, and a vector of prices and factor allocations, such that they constitute an economic equilibrium

and a unanimous international agreement. Our theoretical model is built upon Llavador, Roemer and Stoerk

(2022), and substantially expands it, introducing investment in abatement and country-specific capital shares

of output, as well as a richer objective function that considers direct and indirect impacts of carbon budgets.

3Our work abstracts from climate finance to help adaptation and to compensate for loss and damages from climate change.
For this latter literature, see Clarke et al. (2023).

5



2.1 The economy

Consider a global economy with J countries, indexed by j = 1, . . . , J . Each country is endowed with labor

(L̄j), capital (K̄j), and a representative firm. Firm j chooses capital Kj , emissions ej , and an abatement

rate µj ∈ [0, 1] to maximize profits. The production function Gj(Kj) is strictly increasing, strictly concave,

and satisfies limK→∞G′
j(K) = 0. Emissions are proportional to output ej = (1 − µj)ηjGj(Kj), where

ηj > 0 is the carbon emission intensity and µj ∈ [0, 1] is its “control” rate or fraction of emissions abated,

where we assumed that firms cannot abate more than 100% of their emissions. Abatement is costly. The

abatement cost is Cj(µj)Gj(Kj), where Cj , representing the cost of abatement as a fraction of output, is

strictly increasing and convex (C ′
j > 0, C ′′

j > 0).

There are three markets in the economy: for the produced good, with price p normalized to 1; for capital,

with interest rate r; and for carbon emissions, with price c. Given a vector of relative prices (r, c), the profit

maximization program of firm j is

maxKj ,ej ,µj Πj := Gj(Kj)− rKj − c ej − Cj(µj)Gj(Kj)

s.t ej = (1− µj) ηjGj(Kj)

µj ≤ 1

(1)

To summarize, firms’ profit-maximizing choices determine the demand for capital and emission. The supply

of capital is the global available capital (K̄ ≡
∑
j K̄j), while the global supply of emissions E will be decided

through an international agreement described later. At an economic equilibrium, firms maximize profits and

prices clear markets.

Definition 1 For a given level of global emissions E, an economic equilibrium is a vector of relative

prices (r, c), and an allocation (K1, . . . ,KJ , µ1, . . . , µJ , e1, . . . , eJ) such that:

1. for each country j, (Kj , µj , ej) maximizes the firm profit maximization program (1); and

2. all markets clear

∑
Kj =

∑
K̄j ≡ K̄, and (2a)∑

ej = E. (2b)

We can show that for any E below the unregulated emission level, an economic equilibrium exists, and it is

unique.

Proposition 1 Given E below the unregulated emission level, there exists a unique economic equilibrium.
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Before providing the proof, it is convenient to define the unit net revenue function

Wj(c) := max
µj∈[0,1]

{1− cηj(1− µj)− Cj(µj)} ; (3)

and prove the following lemma:

Lemma 1 Wj is strictly decreasing and strictly convex in c. The optimal unit emission rate ε(c) := (1 −

µ̃j(c))ηj is strictly decreasing in c.

Proof of Lemma 1. By the Envelope Theorem, W ′
j(c) = −ηj(1 − µ̃j(c)) = −ε(c) < 0. The FOC for

abatement is C ′
j(µj) = cηj . Differentiating with respect to c yields

dµj

dc =
ηj

C′′
j (µj)

> 0 by the strict convexity

of Cj . Thus, ε
′(c) = −ηj dµj

dc < 0. Since V ′′
j (c) = −ε′(c) > 0, Vj(c) is strictly convex.

Proof of Proposition 1.

Existence. For any c ≥ 0, the FOC for capital is G′
j(Kj) = r/Wj(c). Let Kj(r, c) = (G′

j)
−1(r/Vj(c)). The

aggregate capital demand DK(r, c) =
∑
Kj(r, c) is strictly decreasing in r. By the Inada conditions, for any

c, there exists a unique r(c) such that DK(r(c), c) = K̄. Note that r(c) is strictly decreasing in c to maintain

the equality as Vj(c) falls.

Define the aggregate emission function Ẽ(c) =
∑
ε(c)Gj(Kj(r(c), c)). Since ε(c), Gj , and Kj are continuous,

Ẽ(c) is continuous. By assumption, Ẽ(0) > E. As c → ∞, ε(c) → 0, hence Ẽ(c) → 0. By the Intermediate

Value Theorem, there exists c∗ such that Ẽ(c∗) = E.

Uniqueness. It suffices to show dẼ/dc < 0. Differentiating Ẽ(c):

dẼ

dc
=
∑
j

ε′(c)Gj(Kj) +
∑
j

ε(c)G′
j(Kj)

dKj(r̃(c), c)

dc
(4)

The first term is the abatement effect, which is strictly negative as ε′(c) < 0. For the second term, differentiate

the capital market clearing condition
∑
Kj(r, c) = K̄ to find:

dKj

dc
=

1

Wj(c)G′′
j (Kj)

(r̃′(c)− r̃(c)τj) , where τj =
ε(c)

Wj(c)
. (5)

Setting
∑
dKj/dc = 0 yields r′(c) = rν̄, where ν̄ is the weighted average

∑
νjτj/

∑
νj with weights νj =

(WjG
′′
j )

−1. The second term (reallocation effect) becomes:

−r2
∑

νjτj(τj − τ̄) = −r2Varτ (νj) ≤ 0 (6)

Since the abatement effect is strictly negative and the reallocation effect is non-positive, dẼ/dc < 0. Thus,

c∗ is unique.
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2.2 International agreement on the carbon budget

The global level of emissions E ∈ [Emin, Emax] is determined by an international agreement on a target

temperature.4 Governments maximize the quasi-linear utility Vj(E) that depends on the carbon revenue

CR(E) received net of climate damages Hj(E). Let the carbon revenue be fully distributed back to the

countries according to a vector of shares (a1, . . . , an) ∈ Rn
+,
∑
j aj = 1, then

Vj(E) := ajCR(E)−Hj(E), (7)

with Hj increasing and convex (H ′ > 0, H ′′ > 0) and CR(E) := ĉ(E)×E, where we use a hat on the carbon

price to denote its dependence on global emissions.

We define an international agreement as a unanimous decision on global emissions.

Definition 2 Given the vector of revenue shares (a1, . . . , aJ), a level of global emissions E∗ represents a

unanimous agreement if E∗
j = E∗

k = E∗ ∀j, k, where E∗
j = argmaxVj(E).

Proposition 2 provides a sufficient condition for the existence and uniqueness of an international unanimous

agreement. Furthermore, it shows that at the unique unanimous agreement, carbon revenues are distributed

proportionally to marginal climate damages.

Proposition 2 Let carbon revenue CR be a strictly concave function on global emissions. There exists a

unique international unanimous agreement on global emissions E∗. Furthermore, if E∗ ∈ (Emin, Emax), the

carbon revenue is distributed proportionally to marginal damages

aj =
H ′
j(E

∗)

CR′(E∗)
> 0, for all j.

Proof. Since CR(E) is strictly concave and Hj(E) is convex, CR′(E) −
∑
j H

′(E) is a strictly decreas-

ing function that will be zero exactly once, where CR′(E) and
∑
j H

′(E) intersect. The location of this

intersection determines the regime we are in.

• CR′(Emin)−
∑
j H

′(Emin) > 0 > CR′(Emax)−
∑
j H

′(Emax).

Let E∗ ∈ (Emin, Emax) be the unique value with CR′(E) =
∑
j H

′(Emax). Define aj =
H′

j(E
∗)

CR′(E∗) > 0

for all j. Then E∗ = argmaxE ajCR(E)−Hj(E), aj is proportional to marginal damages,
∑
j aj = 1,

and E∗ is the unique unanimity agreement.

• CR′(Emax)−
∑
j H

′(Emax) > 0.

Choose aj =
H′

j(Emax)

CR′(Emax)
+ ϵj such that ϵj > 0 for all j, and

∑
j ϵj = 1 −

∑
j H

′
j(Emax)

CR′(Emax)
> 0. Then

4Throughout the text, we use the expressions carbon budget and target temperature interchangeably, based on the approx-
imate linear proportionality of temperature to cumulative carbon emissions (Matthews et al., 2009, 2018, Dietz and Venmans,
2019).
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ajCR
′(Emax) > H ′

j(Emax) and Emax = argmaxE Vj(E) for all j. Hence, Emax is the unique unanimity

agreement.

• CR′(Emin)−
∑
j H

′(Emin) < 0.

Choose ai =
H′

i(Emin)∑
j H

′
j(Emin)

> 0. Then V ′
j (Emin) = H ′

j(Emin)
(

CR′(Emin)∑
j H

′
j(Emin)

− 1
)
< 0 and Emin =

argmaxE Vj(E) for all j. Hence, Emin is the unique unanimity agreement.

Although carbon revenue often behaves like a concave ”Laffer Curve” for emissions (starting at 0, peaking,

and returning to 0 at the unregulated limit), proving this would require additional restrictions on the third

derivatives of the abatement cost functions and the production functions. Even without imposing such

additional structure, our calibrated model in Section 3 confirms that these sufficient conditions are satisfied

in practice within the relevant parameter space.

2.3 Global unanimity general equilibrium

Now, we are in a position to define the general equilibrium as an economic equilibrium and an international

unanimous agreement. Formally,

Definition 3 A global unanimity general equilibrium is a vector of relative prices (r, c), an allocation

(K1, . . . ,KJ , µ1, . . . , µJ , e1, . . . , eJ), a share of carbon revenues (a1, . . . , aJ), and a global level of emis-

sions E such that,

1. for the global level of emissions E, the allocation (K1, . . . ,KJ ,µ1, . . . , µJ ,e1, . . . , eJ) and the relative

prices (r, c) constitute an economic equilibrium;

2. for the price of carbon c and the share of revenues (a1, . . . , aJ), the global level of emissions E represents

a unanimity agreement; and

3. all carbon revenues are redistributed back to the countries:
∑
aj = 1, with aj ∈ [0, 1] for all j.

Our concept of equilibrium is both Nashian and Kantian (Roemer, 2019). Firms and countries are Nashian,

pursuing their personal interests when deciding their production and abatement, and their optimal level of

global emissions, respectively. On the other hand, unanimity on international negotiations is equivalent to a

strict form of Kantian reasoning in which all agents’ recommended actions must coincide. From Proposition 1

and Proposition 2 we can provide a sufficient condition for the existence of a unique global unanimity general

equilibrium.

Proposition 3 Let ĉ(E) be the carbon price as a function of global emissions and CR(E) := ĉ(E) × E be

the corresponding carbon revenue. If CR is a strictly concave function on global emissions, then there exists

a unique global unanimity general equilibrium.
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Proof. Because CR is a strictly concave function, it follows from Proposition 2 that a unique unanimous

agreement on global emissions E∗ exists for a∗j = H ′
j(E

∗)/CR′(E∗), with aj > 0 for all j and
∑
j aj = 1.

From Proposition 1 there exists a unique economic equilibrium for E∗. Therefore, there exists a unique

global unanimity general equilibrium.

Proposition 3 establishes the existence of a vector of carbon revenue shares that induces a unanimous

international agreement on a global emission level. Observe that, by functioning as ”Lindahl-like” prices,

these shares align marginal revenues to marginal costs across governments. Moreover, from Proposition 2

we know that these shares are proportional to marginal climate damages.

3 Quantitative application

We calibrate the model for 154 countries, representing over 98% of the world’s population, GDP, and emis-

sions.5 We endow each country with an annual population, an annual stock of capital, and a carbon intensity

parameter calibrated to the average values for 2020-2050 in the SSP5-RCP8.5 scenario. Climate change dam-

ages are associated with the temperature change stemming from cumulative emissions and are measured by

their present value until the end of the century.

Here, we describe the main steps for calibrating the various functions and parameters: climate damages,

production and abatement functions, carbon intensities, and endowments (stocks of capital and population),

for each of the 154 countries.

3.1 Economic functions and endowments

The production of country j is represented by a Cobb-Douglas function of labor and capital,

Gj(Kj) = Aj(L̄j)
1−αjK

αj

j (8)

For the capital-to-output ratios, we take the average for the period 2020-2050 for each country’s corresponding

region, as reported in Leimbach et al. (2017). (See column 6 of Table I.1 in the Appendix.)

We calibrate total factor productivity (TFP) Aj to the average annual values of population, output, and

capital stock for the period 2020-2050 in the SSP5-RCP8.5 scenario (columns 3-5 and 7 of Table I.1 in the

Appendix). Define κj = Aj(Lj)
1−αj , and write the production function as

Gj(Kj) = κjK
γ
j . (9)

5Only countries with incomplete data were excluded from the analysis. The list of 154 included countries is provided in
Table I.1 in the Appendix.
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Figure 1: Range of abatement costs across all countries. Our parametrization uses 1.5 times the
median from 2020 to 2050 in Cline (2011) for the country’s corresponding region.

Following Nordhaus (2010), abatement costs are measured as a fraction of GDP and take the following form

Cj(µj) = ζj µ
β
j , (10)

where µj is the control rate, β represents the degree of nonlinearity in costs, and ζj is a country-specific

parameter representing heterogeneity in abatement cost across countries. We calibrate the nonlinearity

parameter to the RICE model (Nordhaus, 2010) by setting β = 2.8. To guard against overly optimistic

abatement cost curves (Cline, 2011), we choose ζj as 1.5 the median for the period of 2020-2050 for the

country’s corresponding region in Nordhaus (2010), as reported in Cline (2011, Table 4.1).6 Figure 1 displays

the ranges of abatement costs across all countries in RICE and in our study.

Finally, carbon intensities ηj are obtained from a two-step procedure. First, we compute current carbon

intensities by using data on all greenhouse gas emissions from EDGAR (Crippa et al., 2021) and 2020

GDP estimates from the SSP database (Riahi et al., 2017). Next, we project counterfactual carbon intensity

forward by using each variable’s growth rates of the SSP-RCP scenarios, calibrated to SSP5-RCP8.5. Results

of this calibration are reported in column 8 of Table I.1 in the Appendix.

3.2 Climate damages and government’s utility

The climate damage function maps global annual emissions to present-value, country-specific damages until

the end of the century. It is constructed for each country in three steps. The first step maps average

temperature increases (as a proxy for climate change) to country-specific damages. The second step maps

6The resulting country-specific values are reported in column 9 of Table I.1 in the Appendix. See the robustness analysis in
Section 5 for alternative damage and abatement specifications.
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cumulative emissions to changes in average temperature. The third step derives cumulative emissions from

average annual emissions. We calibrate the parameters to climate damages estimated by Kahn et al. (2021),

and to the established linear relationship between temperature change and cumulative emissions (Matthews

et al., 2009, 2018, Dietz and Venmans, 2019).

Step 1. Following (Hassler and Krusell, 2012), construct country-specific, exponential climate change dam-

age functions that depend on temperature increases:

dj(△T ) = ψ1j e
ψ2j△T , (11)

where temperature change ∆T is measured in degrees centigrade above average pre-industrial levels. The

parameters ψ1j can be used to scale damages. The calibration of (11) fits Kahn et al. (2021) annual climate

damages (Section II.1 in the Appendix).7,8

Step 2. Use the linear proportionality of temperature increases to cumulative carbon emissions (Matthews

et al., 2009, 2018, Dietz and Venmans, 2019) to express temperature changes as a function of cumulative

emissions:

△Tt = φ10−3Ecumt , (12)

where φ is the ratio of warming to cumulative CO2 emissions in ◦C/TtCO2, known as the transient climate

response to emissions (TCRE), and Ecumt are global cumulative emissions since 1850, in GtCO2. We take

φ = 0.495◦C per TtCO2 as the best estimate in the literature (IPCC, 2021, Matthews et al., 2018, Gillett

et al., 2013). Given the importance of non-CO2 greenhouse gases such as methane for warming outcomes

(Stoerk et al., 2025), we include the adjustment for non-CO2 greenhouse gas emissions proposed in Dietz

and Venmans (2019) that adjusts for these radiative forcing effects.9

Step 3. Let Ecum00 represent historical cumulative CO2 emissions until 2020. Given the constant annual

global emissions E, combine (11) and (12) to express country j’s climate damages in year t as10

Dj(E
cum
00 + tE) = ψ1je

ψ̂2j(E
cum
00 +tE) (13)

where ψ̂2j = ψ2jφ10
−3. Finally, letting n < N represent the number of years until a climate-neutral world,

7The last two columns of Table I.1 in the Appendix report the values of the estimated parameters.
8Climate damage estimates have been almost surely underestimated. Amongst the reasons for underestimation is that

estimates currently abstract from tipping points (Dietz et al., 2021) and non-market damages, such as via mortality (Carleton
et al., 2022), loss of biodiversity, or ecosystem services. For that reason, Section 5.2 shows a robustness analysis with increased
damages. The results are qualitatively similar to those in our preferred specification.

9For computational simplicity, we abstract from the short delay between cumulative emissions and the onset of associated
temperature change shown in Dietz and Venmans (2019).

10Observe that cumulative emissions at year t are historical emissions plus t years of annual emissions E: Ecum
t = Ecum

00 +t×E.
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compute the present value of climate damages for constant annual global emissions E as

Hj(E) ≡
N∑
t=1

ρthj(t, E) =
n∑
t=1

ρtDj(E
cum
00 + tE) +

N∑
t=n+1

ρtDj(E
cum
00 + nE). (14)

Use (13), after some manipulation (Section II.2 in the Appendix), to obtain:

Hj(E) = θ0j

(
θj(E)− (θj(E))

n+1

1− θj(E)
+
ρ− ρN−n+1

1− ρ
(θj(E))

n

)
, (15)

where θ0j = ψ1je
ψ̂2jE

cum
00 and θj(E) = ρeψ̂2jE ; and the first derivative with respect to E

H ′
j(E) = θ0jψ̂2j

(
θj(E)

1− (n+ 1) (θj(E))
n

1− θj(E)
+ (θj(E))

2 1− (θj(E))
n

(1− θj(E))
2 + n

ρ− ρN−n+1

1− ρ
(θj(E))

n

)
. (16)

The government’s utility function, the present value of the returns from carbon revenue net of climate

damages, is

Vj(E) =
n∑
t=1

ρt (ajCR(E)− hj(t, E)) =
ρ− ρn+1

1− ρ
ajCR(E)−Hj(E). (17)

We use an annual discount rate of 1.5% (ρ = 0.985).

Summarizing, each country is endowed with a stock of capital and characterized by: a government’s utility

function with country-specific damages from climate change (17); a production function with country-specific

capital-to-output ratio, TFP, population, and carbon intensity parameters (8); and a country-specific abate-

ment cost function (10). All calibrated values are collected in Table I.1 of the Appendix.

3.3 Finding the global unanimity general equilibrium

For a given level of global emissions, the economic equilibrium (Definition 1) can be determined by solving

the system of equations comprising the first-order conditions for the firms’ profit-maximizing problem (1)

and the market-clearing conditions (2a) and (2b). Normalize p = 1 and write the equilibrium prices ĉ(E)

and r̂(E) and the abatement rates µ̂(E) as functions of the global emissions level. Detailed derivations are

provided in Section III of the Appendix.

We program Mathematica to compute the economic equilibrium for a large range of global emission levels

E ∈ [5, 65] in steps of 0.1 and obtain that the fitted carbon revenue function CR(E) = ĉ(E)E is a strictly

concave function. Hence, there exists a unique international unanimous agreement on global emissions E∗

(Proposition 2). Combining the governments’ first-order condition for utility maximization and
∑
j aj = 1,

13



the equilibrium can be found as the solution to

∑
j

H ′
j(E) =

ρ− ρn+1

1− ρ
CR′(E). (18)

Finally, compute the general equilibrium price of carbon emissions c∗ = ĉ(E∗), price of capital r∗ = r̂(E∗),

and abatement rates µ∗
j = µ̂(E∗), j = 1, . . . , J . Other values are obtained as follows:

• K∗
j and e∗j , the stock of capital and the annual emissions for country j, follow from the first-order

conditions for profit maximization of the firms

K∗
j =

(
1− c∗(1− µ∗

j )ηj − ζj(µ
∗
j )
β

r∗
κjαj

) 1
1−αj

j = 1, . . . , J, and (19a)

e∗j = (1− µ∗
j )ηjκj(K

∗
j )
αj , respectively; (19b)

• the share of total revenue for country j follows from its government’s first-order-condition for utility

maximization

a∗j =
1− ρ

ρ− ρn+1

(H∗
j )

′(E∗)

CR(E∗)
; and (20)

• the net contribution of country j is c∗(1− µ∗
j )e

∗
j − a∗j CR(E

∗).

4 Results of ratcheting up Paris

4.1 Headline results

What temperature outcome could the Paris Agreement converge to eventually? And at what carbon price

would such an outcome be achieved? We find that there is room for optimism: Table 1 provides the re-

sults of unanimity agreement that emerge endogenously in our integrated assessment model, without external

enforcement being present. Cumulative emissions of CO2 since 1850 would be kept to 3050 GtCO2.
11 Ratch-

eting up of the Paris Agreement could limit warming to just above 1.5◦C, and well below 2◦C. Unanimity

therefore need not imply weak ambition; with endogenously determined revenue shares, unanimity supports

strong mitigation.

The carbon price required to achieve this temperature outcome is 320 USD/tCO2. As expected, this is sub-

stantially larger than current carbon prices in a world on a 2.8◦C trajectory. By contrast, this equilibrium

carbon price falls well within the modeling estimates for 1.5◦C scenarios for the first half of the century

reported in the meta-analysis by Dietz et al. (2018). Similarly, European Commission modeling of a climate

11Recall that we account for the radiative forcing effects of non-CO2 greenhouse gases through the temperature correction
proposed in Dietz and Venmans (2019).
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neutrality scenario for 2050 for the European Union found a stylized carbon price of 350 EUR/tCO2 (Eu-

ropean Commission, 2018). Our stylized integrated assessment model can thus reproduce abatement cost

estimates of more complex underlying energy systems models, thus reinforcing the real-world informative-

ness of our quantitative application. Moreover, mimicking policy discussions around the transition required

to ratchet up Paris, it is worth highlighting the equilibrium result of our integrated assessment model is

achieved through substantial abatement: across all countries, the average abatement rate (µj in eq. (10)) is

75%, ranging from a minimum of 30% to several countries that reach 100%.

Overall carbon pricing revenue at this global carbon price amounts to 7 trn USD per annum, or 2.3% of global

GDP. Countries contribute to this global carbon revenue differentially, in proportion to the size and carbon

intensity of their economies. The left panel in Figure 2 shows the fifteen countries that most contribute.

Amongst those, China, India, the US, Japan and Indonesia represent 64% of global carbon revenue. As seen

in the right panel, the same countries also receive 53% of global carbon revenue. Across all countries, both

contributions to and revenue received from global carbon revenue are strongly correlated between each other

(correlation coefficient of 73%), as well as with population (86% and 93%, respectively).

Table 1: Main climate and economic outcomes of ratcheting up Paris. The table shows equilibrium
results from the integrated assessment model for global mean surface temperature increase and cumulative
emissions by end of the century (from eq. (12)), carbon price (c), global carbon revenue per annum (cE),
and international climate finance (computed as

∑
j:tj>0 tj , where tj = (ajcE−cej) represents net transfers).

Climate outcomes

Temperature by end of century 1.51
(◦C since pre-industrial)

Cumulative emissions 3050
(GtCO2 since 1850)

Economic outcomes

Carbon price (USD/tCO2) 319.9

Global carbon revenue
In trillions of USD per annum: 7.04
As % of global GDP: 2.33

International climate finance transfers
In trillions of USD per annum: 2.3
As % of global carbon revenue: 32.8
As % of global GDP: 0.76
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Figure 2: Top 15 countries by contribution to (
c×ej
c×E )(left panel) and share in (aj) (right panel)

global carbon revenue.
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4.2 International climate finance

Not all carbon revenue crosses borders, however. Much of the global carbon revenue stays within the countries

in which it originates. A strength of our model is that we can precisely quantify international climate finance

transfers at the country level in equilibrium.

We define international climate finance transfers as the part of the global revenue from carbon pricing that is

redistributed across country borders. Letting tj := ajcE−cej represent the net revenue received by a country

(the country’s share in global carbon revenue minus the carbon revenue raised domestically), international

climate finance transfers can be computed as
∑
j:tj>0 tj =

∑
j:tj<0 tj ; that is, the total amount of transfers

received (which must equal the total amount sent). As shown in Table 1, only one third of carbon revenue is

redistributed to other countries as international climate finance. Most carbon revenue stays in the country

that collects it. Nevertheless, ratcheting up of Paris would lead to substantial flows of international climate

finance. Compared to the original international climate finance ambition of the Paris Agreement of 100

billion USD per annum, we find that ratcheting up Paris would lead to international climate finance of more

than 20 times this ambition: 2.3 trn USD per annum, or 0.8% of global GDP - an order of magnitude above

the COP29 ambition for 300 billion USD per annum.

Our results on international climate finance feature two attractive characteristics which speak to the political

plausibility of ratcheting up Paris. Firstly, net donors to international climate finance tend to contribute

an outflow of at most 2% of their GDP, with very few exceptions. By contrast, many of the countries that

benefit from international climate finance benefit well beyond 2% of their GDP, with many benefiting up to
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Figure 3: Magnitude of international climate finance at the country level. Ratio of the amount
that a country receives from global carbon revenue (ajcE) divided by the carbon revenue raised domestically
(cej), plotted over the magnitude of country-level international climate finance transfers in GDP terms
(tj/yj) (left panel); and donors and recipient countries plotted on a world map (right panel).
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4% and some even 8%. Figure 3 illustrates these magnitudes in the left panel, while the right panel shows

net carbon revenue per country plotted on a world map. Countries depicted with a positive percentage

receive that much international climate finance, while those depicted with a negative percentage contribute

that much, both on net.

While international climate finance serve as implicit side payments necessary for unanimity, it is worth asking

whether these transfers would improve or exacerbate existing cross-country inequalities in living standards.

If international climate finance tends to flow from higher- to lower-income countries, then ambitious climate

policy can unlock synergies for development. Moreover, a globally efficient allocation of mitigation effort

might see net flows of international climate finance from higher- to lower-income countries (Glennerster and

Jayachandran, 2023).

Figure 4 shows that this is the case. Ratcheting up of the Paris Agreement leads to flows of international

finance across countries that are, on average, progressive. As shown in the left panel, we find a quantitatively

important, downward-sloping relationship between a country’s overall income levels, and international cli-

mate finance transfers. That is, higher-income countries tend to contribute relatively more, while the picture

is the opposite for lower-income countries. To illustrate this dynamic more explicitly, the right panel shows a

violin plot of international climate finance flows with countries grouped by World Bank income levels. As can

be seen, nearly all low income countries benefit from international climate finance, while upper-middle and

high income countries contribute relatively more. Both high income and upper-middle income contributions

to international climate finance are statistically different from low income countries at a 1% significance

level. The patterns result not from any built-in redistributive policy, but from the equilibrium result that

redistributes international carbon pricing revenue according to marginal damages, coupled with the fact that

regions in development are likely to be more adversely affected by climate change. Full country-level results
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Figure 4: Relationship between net international carbon finance revenue and country income
levels (left panel) and international carbon finance revenue by World Bank income group
(right panel). Left panel: Linear regression line with slope coefficient -5526.9 and intercept 40808.3, both
significant at 1% level using heteroskedasticity-robust standard errors. Right panel: Statistically significant
differences between income groups at 1% significance level: low income vs high income, low income vs upper-
middle income, and lower-middle income vs high income. At 5% level: lower-middle vs upper-middle income.
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are available in Section IV of the Appendix.

5 Sensitivity analyses and discussion

The main results represent our preferred calibration and model setup. In this section, we explore (i) how

changes to parametrization influence results, (ii) whether the end result of ratcheting up Paris exhausts all

mutually beneficial reallocations, and (iii) how much the altruism assumption of the Paris agreement can be

relaxed before our integrated assessment models replicates the previous literature’s less optimistic findings.

5.1 Robustness to different model calibration

We first study how uncertainty about abatement cost and climate damages affect the headline results of

ratcheting up Paris. Abatement costs have been a source of heated debate, and uncertainty is two-sided:

abatement costs could be lower than we assume, or they could be higher. We therefore report two additional

abatement cost calibrations, the first reproducing the original RICE abatement cost calibration, while the

second increases RICE abatement cost by a factor of 2 rather than 1.5, as in our preferred calibration. In

the first case, because mitigation is now cheaper, lower abatement cost lowers equilibrium end-of-century

warming by 3% due to lower cumulative emissions. More importantly, cheaper abatement translates into

reducing the required carbon price substantially, by 27%. By contrast, in the second case, higher abatement

costs increase both warming by 2% and the equilibrium carbon price by 26%. The sensitivity of the carbon

price results speaks to the importance of technological change that helps lower abatement costs. Given
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the sensitivity of the equilibrium carbon price to abatement cost, global carbon revenue drops with lower

abatement cost and increases with higher abatement cost. These changes translate to meaningful differences

in the magnitude of international climate finance, which falls by 36% in our lower abatement cost calibration,

while it rises by 32% in our higher abatement cost calibration.

We next conduct sensitivity analyses to our climate damages parametrisation. In our preferred calibration,

for our equilibrium result of warming of 1.51◦C by end of century, climate damages represent 1.7% of

GDP. While this magnitude of climate damages at this level of warming is consistent with the current

consensus in climate economics (see, e.g., Burke, Zahid and Hsiang (2025) for a recent discussion), it can

not be ruled out that climate damages could be be substantially larger than this consensus number. Not

accounted-for damages channels such as non-market impacts of climate change or ocean acidification are

not included in these estimates, as are most of the effects of tipping points in the climate system (Dietz

et al., 2021). Moreover, important methodological challenges about the economic damages of climate change

remain (Lemoine, Hausman and Shrader, 2025).

To account for this right-tailed uncertainty in climate damages, we re-compute equilibrium outcomes for

damages sensitivity calibrations of 1.5× and 2× of our preferred damages estimation. As expected, this

lowers equilibrium temperature by end of century, by 3% and 6%, respectively. The resulting carbon price

is 10% and 19% higher. However, global carbon revenue is 6% and 13% lower, indicating that the reduction

in emissions more than compensates for the increase in carbon price. International climate finance remains

at the same level relative to the size of the economy.

Lastly, climate system uncertainty itself will affect what ratcheting up of Paris can achieve. In our integrated

assessment model, climate uncertainty is captured by the plausible lower and upper bounds of the transient

climate response to emissions (TCRE) reported in IPCC (2021), adjusted for non-CO2 greenhouse gas

emissions. Climate system uncertainty to date remains large: for a given amount of cumulative emissions,

TCRE could be as low as 0.297, or as high as 0.693. As expected, the large uncertainty about climate

sensitivity results in drastic changes to warming: if climate sensitivity were as low as is reasonably possible,

a warming outcome by end of century of less than 1◦C would be reachable. By contrast, if climate sensitivity

is high, ratcheting up of Paris could at best hope to keep warming just shy of 2◦C. The equilibrium carbon

price moves with climate sensitivity, but the overall size of international climate finance with respect to the

global economy remains almost constant. The result that moving to the lower and upper bounds of TCRE

leads to a 1◦C difference in end of century temperature above pre-industrial captures the climate system

uncertainty in the IPCC climate models underlying TCRE well: IPCC projections for SSP1-2.6 (IPCC, 2021,

Figure SPM.8), for instance, show a confidence interval of around 1◦C in end-of-century projected warming.

This sensitivity analysis thus serves to confirm confidence in the climate part of our integrated assessment

model.
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Table 2: Sensitivity of climate and economic outcomes of ratcheting up Paris to changes in
model calibration. The table shows equilibrium results from the integrated assessment model for global
mean surface temperature increase and cumulative emissions by end of century compared to pre-industrial
(from eq. (12)), carbon price (c), global carbon revenue per annum (cE), and international climate finance
(
∑
j:tj>0 tj , where tj := (ajcE − cej) represents net transfers).

Main results Robustness checks
Abatement Climate Transient climate

costs damages response
Lower Higher ×1.5 ×2 Lower Higher

Climate outcomes

Temperature by end of century 1.51 1.46 1.54 1.46 1.42 0.95 1.95
(°C since pre-industrial)

Cumulative emissions 3050 2957 3103 2956 2873 3199 2824
(GtCO2 since 1850)

Economic outcomes

Carbon price 319.9 234.0 404.4 351.0 380.1 274.5 399.4
(USD/tCO2)

Global carbon revenue
In trillions of USD per annum: 7.0 4.4 9.6 6.6 6.1 7.4 5.8
As % of global GDP: 2.3% 1.5% 3.2% 2.2% 2.0% 2.5% 1.9

International climate finance transfers
In trillions of USD per annum: 2.3 1.5 3.1 2.2 2.1 2.2 2.1
As % of global carbon revenue: 32.8% 33.4% 32.5% 33.3% 34.3% 29.7% 36.8%
As % of global GDP: 0.76% 0.49% 1.0% 0.73% 0.70% 0.73% 0.70%

Notes:
Abatement costs: Preferred calibration uses 1.5 times ζj compared to RICE abatement cost. Lower value uses the
specification in RICE, while higher value uses 2 times ζj .
Climate damages: Preferred calibration is based on Kahn et al. (2021). The table also reports the outcomes for 1.5 times
and 2 times the damages compared to preferred calibration.
Transient Climate Response to Emissions (TCRE): Preferred calibration uses the best estimate in IPCC (2021) adjusted
for non-CO2 greenhouse gases following Dietz and Venmans (2019): TCRE=0.495◦/1000 GtCO2. The lower and higher
specifications correspond, respectively, to the lower and upper bounds reported in IPCC (2021) with the same non-CO2

adjustment: TCRElow = 0.297 and TCREhigh = 0.693.

In summary, as expected, our quantitative results are sensitive to changes in the calibrated values of the

parameters. However, our qualitative results remain consistent across the different specifications.

5.2 Comparison to hypothetical Pareto-efficient outcome

We now ask whether the unanimity equilibrium exhausts all mutually beneficial reallocations, or whether

further Pareto improvements remain feasible. In our model, ratcheting up of Paris results in a unanimity

equilibrium in which countries act as if they held market power regarding the carbon price resulting from the
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unanimity agreement. As a consequence, the headline result might not be Pareto-efficient. In this section,

we characterize in theory and numerically what a hypothetical Pareto-efficient benchmark outcome in the

model economy would look like, and how far ratcheting up of Paris is likely to be from that outcome, even

if such an allocation is not reachable by the current Paris Agreement institutional setting.

Let us start by defining feasibility and Pareto efficiency, and then find the necessary efficiency conditions.

Let the representative agent of country j have quasi-linear utility on the average annual consumption of the

single good (x) and climate damages:

uj(x,E) :=
ρ− ρN+1

1− ρ
x−Hj(E), (21)

Then, a consumption and emission allocation is globally feasible if it can be generated with the existing

technology and capital. Formally,

Definition 4 An allocation of consumption and emissions ((x1, e1), ...(xJ , eJ)) is globally feasible if there is

an allocation of capital K1, ...,KJ , abatement rates µ1, ..., µJ , and output y1, ..., yJ such that:

yj = Gj(Kj), ej = ηj(1− µj)yj ,
∑

xj =
∑

(1− Cj(µj))yj , and
∑

Kj =
∑

K̄j . (22)

We can now derive the necessary conditions of Pareto efficiency.

Definition 5 A globally feasible allocation is Pareto efficient if there is no other globally feasible allocation

that gives at least one representative agent higher utility and no representative agent lower utility.

Proposition 4 Letting ρ̂ = ρ−ρN+1

1−ρ , the necessary first-order conditions for an allocation to be Pareto

efficient are:

(i) (∀j) ρ̂ ≥ ηj(1− µj)
∑
l

H ′
l(E)− Cj(µj),

(ii) (∀i, j) G′
i(Ki)

G′
j(Kj)

=
ρ̂− ηj(1− µj)

∑
lH

′
l(E)− ρ̂ Cj(µj)

1− ηi(ρ̂− µi)
∑
lH

′
l(E)− ρ̂ Ci(µi)

,

(iii) (∀j) either ρ̂ C ′
j(µj) = ηj

∑
l

H ′
l(E) or µj = 1.

(23)
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Proof. The conditions for Pareto efficiency are given by solving the following program:

max ρ̂ x1 −H1(E)

s.t.

ρ̂ xj −Hj(E) ≥ qj , ∀j > 1 (λj)∑
j

(1− Cj(µi))Gj(Kj) ≥
∑
j

xj (α)

K̄ ≥
∑
j

Kj (β)

E ≥
∑
j

ηj(1− µj)Gj(Kj) (γ)

∀j 1 ≥ µj (ζj)

(24)

where K̄ =
∑
K̄j . The program is not convex, because of the global emissions constraint (the functions Gj

are concave). Therefore, the Kuhn-Tucker conditions are necessary but not sufficient for the solution of the

program in (24). Define λ1 = 1. The Kuhn-Tucker conditions are:

(∂xj) α = ρ̂ and λj = 1 for all j; (25a)

(∂Kj) α(1− Cj(µj))G
′
j(Kj)− β − γ ηj (1− µj) G

′
j(Kj) = 0 (25b)

(∂µj) − α C ′
j(µj)Gj(Kj) + γηj Gj(Kj)− ζj = 0 (25c)

(∂E) −
∑
j

λjH
′
j(E) + γ = 0 (25d)

From (25a) and (25d), γ =
∑
lH

′
l(E). Then, from (25b) we get

β =

(
ρ̂ (1− Cj(µj))− ηj(1− µj)

∑
l

H ′
l(E)

)
G′
j(Kj), (26)

yielding the following conditions:

(∀j) ρ̂ ≥ ηj(1− µj)
∑
l

H ′
l(E)− Cj(µj), (27a)

(∀i, j) G′
i(Ki)

G′
j(Kj)

=
ρ̂ (1− Cj(µj))− ηj(1− µj)

∑
lH

′
l(E)

ρ̂ (1− Ci(µj))− ηi(1− µi)
∑
lH

′
l(E)

. (27b)

Finally, since ζj(1− µj) = 0 for all j, it follows from (25c) the following conditions:

(∀j) either µj < 1 and ρ̂ C ′
j(µj) = ηj

∑
l

H ′
l(E) or µj = 1. (28)

These are the stated conditions in the proposition.
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It turns out that the global unanimity equilibrium results in total emissions below the efficient level.

Proposition 5 Total emissions under a global unanimity general equilibrium are lower than the efficient

level.

Proof. For any country j, the first-order conditions for profit maximization are

G′
j(Kj) (1− c(1− µj)ηj − Cj(µj)) = r and (29a)

c ηjGj(Kj)− C ′
j(µj)Gj(Kj) = ζ, (29b)

where ζ is the multiplier of the constraint µj ≤ 1 (see (1)).

From the governments’ FOC for Vj(E) (17), and using
∑
aj = 1,

∑
H ′
j(E) = ρ̂(ĉ(E) + ĉ′(E)E). (30)

Substituting this expression into (29a) obtains that, for all countries i, j,

G′
j(Kj)

G′
i(Ki)

=
ρ̂− (1− µi)ηi (

∑
lH

′
l(E)− ĉ′(E)E)− ρ̂ Ci(µi)

ρ̂− (1− µj)ηj (
∑
lH

′
l(E)− ĉ′(E)E)− ρ̂ Cj(µj)

. (31)

For countries with µj < 1, (30) and (29b) yield

ρ̂ C ′
j(µj) = ηj

∑
l

h′l(E). (32)

Comparing (31) to the necessary conditions for efficiency in Proposition 4 we observe that there is an extra

term (ĉ′(E)E) that derives from the impact of the level of emissions on the carbon price. Hence, the outcome

is not efficient.

This finding is similar to Harstad (2023a), whose model of the Paris agreement’s pledge-and-review process

results in an inefficient outcome. Why the inefficiency in our model? Because unanimity confers on each

government the power to choose the global level of emissions, and hence the power to set the price of carbon.

Suppose instead that governments acted myopically, ignoring the impact of global emissions on prices (as if

they were atomistic, acting as price-takers regarding the carbon price). In this case, the utility of government

j (17) becomes

Ṽj(E) =
ρ− ρn+1

1− ρ
cE −Hj(E). (33)

where, notice, the price of carbon is taken as a constant.
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The f.o.c for the optimization program of country j’s government (Ṽ ′
j (E) = 0) yields

ρ− ρn+1

1− ρ
ajc = H ′

j(E). (34)

Carbon revenues are still distributed proportional to marginal climate damages

aj =
1

ρ−ρn+1

1−ρ c
H ′
j(E). (35)

Observe that, because the government acts as a price-taker, it ignores the price-impact of changes in global

emissions on carbon revenues and its economy, and the outcome is efficient

Proposition 6 When governments act myopically as price-takers, the global unanimity general equilibrium

satisfies the first-order conditions of Pareto efficiency.

Proof. It follows the proof of Proposition 5. For any country j, the first-order conditions for profit maxi-

mization are

G′
j(Kj) (1− c(1− µj)ηj − Cj(µj)) = r and (36a)

c ηjGj(Kj)− C ′
j(µj)Gj(Kj) = ζ, (36b)

where ζ is the multiplier of the constraint µj ≤ 1 (see (1)).

From the governments’ FOC for Ṽj(E) (33), and using
∑
aj = 1,

∑
H ′
j(E) = ρ̂ c. (37)

Substituting this expression into (36a) obtains that, for all countries i, j,

G′
j(Kj)

G′
i(Ki)

=
ρ̂− (1− µi)ηi

∑
lH

′
l(E)− ρ̂ Ci(µi)

ρ̂− (1− µj)ηj
∑
lH

′
l(E)− ρ̂ Cj(µj)

. (38)

For countries with µj < 1, (37) and (36b) yield

ρ̂ C ′
j(µj) = ηj

∑
l

h′l(E). (39)

These are the necessary conditions for efficiency in Proposition 4.

We have computed the general equilibrium under these circumstances (Section V in the Appendix). Table 3

displays the outcomes. As can be seen, mutually beneficial reallocations compared to a hypothetical insti-

tutional design without market power would move the equilibrium temperature by the end of the century

24



to 1.86◦C. Still well below 2◦C as per the Paris Agreement’s main temperature goal, but far from the 1.5◦C

target. A less stringent temperature outcome implies a lower carbon price that is only 137 USD/tCO2, or

43% of the carbon price when ratcheting up Paris. As shown above, the source of the inefficiency derives

from the market power in setting the carbon price by choosing the global level of emissions, which is inherent

in the unanimity equilibrium.

Table 3: Main climate and economic results for changes in institutional assumptions. The table
shows equilibrium results from the integrated assessment model for global mean surface temperature increase
by end of century compared to pre-industrial and cumulative emissions by end of century compared to pre-
industrial (from eq. (12)), carbon price (c), global carbon revenue per annum (cE) and international climate
finance (

∑
j:tj>0 tj , where tj := ajcE − cej represents net transfers). In the hypothetical Pareto-efficient

benchmark version of our model, governments are assumed to act as if they were atomistic price-takers
in deciding the level of global emissions. In the changed altruism assumption version, we calculate the
global unanimity equilibrium for small deviations from the altruism assumption. In this version of our
model, governments maximize the present value of income net of climate damages, where economic income
is weighted by ω = 0.035. Full altruism, as modeled in our headline results, corresponds to ω = 0.0.

Main results Pareto-efficient Changed altruism
benchmark assumption

Climate outcomes

Temperature by end of century 1.51 1.86 1.52
(°C since pre-industrial)

Cumulative emissions 3050 3760 3065
(GtCO2 since 1850)

Economic outcomes

Carbon price 319.9 137.1 315.2
(USD/tCO2)

Global carbon revenue
In trillions of USD per annum: 7.0 6.3 7.1
As % of global GDP: 2.3% 2.1% 2.4%

International climate finance transfers
In trillions of USD per annum: 2.3 2.1 2.5
As % of global carbon revenue: 32.8% 33.2% 35.2%
As % of global GDP: 0.76% 0.69% 0.83%

5.3 Importance of altruism assumption

In our headline results, we find room for optimism: ratcheting up of Paris is possible. This result stands in

contrast to previous economic literature that has argued that an international environmental agreement that

lacks enforcement will not deliver ambitious mitigation. In this section, we explore how far we can deviate

from the altruism assumption built into the design of the Paris Agreement - and thus our model - before

ratcheting up of Paris breaks down.
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To study this question, we augment our model to accommodate different degrees of altruism. Recall that

governments maximize the present value of income net of climate damages. To formally study the importance

of the altruism assumption, we modify the utility function of government j to obtain

V̂j(E) =
ρ− ρn+1

1− ρ
(ωj Ij(E) + aj CR(E)) + Inet0j −Hj(E). (40)

where now Ij(E) = Π̂j(E) + r̂(E)K̄j is the annual economic income for t ≤ n, weighted by ωj ∈ [0, 1], and

Inet0j is the present value of economic income after reaching net-zero emissions. Observe that our original

model setup is equivalent to ω = 0, and that (1 − ωj) can be interpreted as the degree of altruism of

government j while participating in the international negotiations on the global level of emissions.

A global unanimity general equilibrium can be computed following the steps in Section 3.3.12 To study the

importance of this altruism assumption for finding a unanimity equilibrium compatible with ratcheting up

Paris, we explore how changes to the altruism parameter affect the existence and properties of the unanimity

equilibrium in our model. The key question we aim to answer in this sensitivity analysis is whether our model

can reproduce the more pessimistic conclusions from the earlier literature.

For simplicity, we assume that all countries share a common degree of altruism: let ωj = ω for all j. Next, we

vary ω and study how this affects the result of ratcheting up Pairs. For ω = 0, we obtain our original headline

results, reproduced in the left-most column of Table 3. This is by construction. For small deviations from

the altruism assumption - or ω strictly positive but close to 0 - a global unanimity general equilibrium still

exists. Table 3 shows the outcomes for ω = 0.035. Compared to our headline results, changes are minimal.

Ratcheting up of Paris therefore remains possible for small deviations from the altruism assumption.

Significant departures from the altruism assumption, however, change the picture. For ω >> 0 there is no

equilibrium with aj ≥ 0 for all j. In such a world, ratcheting up of Paris would not be possible. This finding

reproduces findings from the earlier literature, by which the lack of enforcement leads to weak mitigation.

In this case, to a lack of a unanimity equilibrium in our setting.

A unanimity equilibrium can still be found for a change in institutional setup to the Paris Agreement that

includes a penalizing mechanism, similar to the spirit of climate clubs. By allowing negative shares in global

carbon revenue - or aj < 0 for some countries - a unanimity equilibrium exists. But the penalties required

to sustain this equilibrium would have to be an increasing function on the carbon revenue.

12Equation (18) must be substituted by

∑
j

H′
j(E) =

ρ− ρn+1

1− ρ

CR′(E) +
∑
j

(
Π̂′

j(E) + r̂′(E)K̄j

) . (41)
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6 Conclusion

In this research, we construct a tractable integrated assessment model disaggregated at the country level

that combines a general-equilibrium description of the world economy with a unanimity-based international

agreement mechanism. Its institutional structure reflects the core cooperative logic of the Paris Agreement:

countries jointly determine a global emissions constraint without external enforcement. The model endoge-

nously determines global emissions, temperature outcomes, carbon prices, and the associated cross-country

financial transfers implied by a cooperative climate policy.

Using this model, we ask: if parties to the Paris Agreement kept tightening ambition through repeated

negotiations, where would the Paris Agreement plausibly converge?

We first establish the existence and uniqueness of a unanimous international agreement on the global carbon

budget. In equilibrium, countries agree on a single emissions level, and revenues from global carbon pricing

are redistributed across countries in proportion to their marginal climate damages. We calibrate the model

on climate science, estimates of climate damages and abatement costs, and standard macroeconomic data

for 154 countries. Solving the calibrated model yields two central objects: the level of global emissions that

all countries would unanimously accept, and the financial flows required to sustain this outcome if mitigation

were implemented solely via carbon pricing. These results allow us to assess both the feasibility of the Paris

temperature objectives and the implied scale of international climate finance.

We find that there is room for optimism. In equilibrium, global mean surface temperature change is limited to

1.51◦C, close to the Paris ambition of 1.5◦C and well below the 2◦C ceiling. Achieving this outcome requires a

global carbon price of 320 USD per ton of CO2, generating international climate-finance transfers of roughly

2.3 trillion USD per year, or about 0.8 percent of global GDP - an order of magnitude larger than existing

commitments. Total carbon-pricing revenue amounts to around 7 trillion USD annually, comparable to

estimates of the investment needs for full global decarbonization. Transfers are progressive: poorer countries

receive larger net inflows because climate damages rise more steeply with temperature in lower-income

regions. Our equilibrium results thus confirm a conjecture in political science after the Paris Agreement

was signed that successful ratcheting up would require substantial fiscal transfers from higher- to lower-

income countries (Keohane and Oppenheimer, 2016). Overall, we show that unanimity need not imply

weak ambition; with endogenously determined revenue shares aligning incentives, unanimity supports strong

mitigation.

Although our modeling framework describes a decentralized economy and captures the institutional features

of the Paris Agreement, its stylized, static nature imposes inherent limitations. Significant uncertainties

persist regarding the parameterization of abatement costs and climate damages. Nevertheless, we demon-

strate that ”ratcheting up” of ambition remains a plausible equilibrium outcome across the range of plausible
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parametrizations. We further show, however, that departures from the cooperative framework are sufficient

to break down the equilibrium. Thus, ratcheting up of the Paris Agreement is not guaranteed. Overall, our

findings offer a basis for cautious optimism, provided that governments ensure the sustained maintenance

of international cooperation. Finally, given the static constraints of the current approach, a non-trivial

extension for future research would be to incorporate dynamics that account for intertemporal strategic

interactions and the evolution of climate-economic feedback loops.
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II Country-specific climate damage functions

II.1 Calibration of climate damage as a function of increases in temperature
We fit the exponential damage function specification of our model (ψ1je

ψ2j△T ) to empirical estimates of

climate damages in Kahn et al. (2021). We proxy damages for Uruguay by assuming they account for the

same fraction of GDP as Argentina, as the original estimate for Uruguay is an outlier with negative damages.

Figure II.1 plots the fitted function and the data points for a random sample of 24 countries.

Figure II.1: Damage functions. Calibrated annual damage functions (blue solid line), and actual data
points in Kahn et al. (2021) (red dots) for a random sample of countries. Annual damages measured in
trillions of international dollars.

II.2 Present value of climate damages for constant annual emissions: Hj(E)
The function Hj : [Emin, Emax] → R+ maps annual global emissions E to the present value of climate

damages for country j (expression (15) in the text):

Hj(E) =

n∑
t=1

ρtDj(E
cum
00 + tE) +

N∑
t=n+1

ρtDj(E
cum
00 + nE), (II.1)

where Dj(E
cum) = ψ1je

ψ̂2jE
cum

are country j’s annual climate damages from cumulative emissions (13), n

is the number of years until a climate-neutral world, and ψ̂2j = ψ2jφ10−3.
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We can manipulate (II.1) to obtain expression (15) in the main text as follows:

Hj(E) =

n∑
t=1

ρtDj(E
cum
00 + tE) +

N∑
t=n+1

ρtDj(E
cum
00 + nE) =

n∑
t=1

ρtψ1je
ψ̂2jE

cum
00

(
eψ̂2jE)

)t
+

N∑
t=n+1

ρtψ1je
ψ̂2jE

cum
00

(
eψ̂2jE)

)n
=

ψ1je
ψ̂2jE

cum
00

n∑
t=1

(
ρeψ̂2jE)

)t
+
ρn+1 − ρN+1

1− ρ
ψ1je

ψ̂2jE
cum
00

(
eψ̂2jE)

)n
=

ψ1je
ψ̂2jE

cum
00

(
n∑
t=1

(
ρeψ̂2jE)

)t
+
ρ− ρN−n+1

1− ρ

(
ρeψ̂2jE)

)n)
=

ψ1je
ψ̂2jE

cum
00

ρeψ̂2jE) −
(
ρeψ̂2jE)

)n+1

1− ρeψ̂2jE)
+
ρ− ρN−n+1

1− ρ

(
ρeψ̂2jE)

)n =

θ0j

(
θj(E)− (θj(E))

n+1

1− θj(E)
+
ρ− ρN−n+1

1− ρ
(θj(E))

n

)
,

(II.2)

where θ0j = ψ1je
ψ̂2jE

cum
00 and θj(E) = ρeψ̂2jE .

Using the fact that θ′j(E) = ψ̂2jθj(E), we obtain expression (16) in the text for the first derivative of Hj :

H ′
j(E) =θ0j

((
θ′j − (n+ 1)θnj θ

′
j

)
(1− θj)

(
θjθ

n+1
j

)
θ′j

(1− θj)2
+
ρ− ρN−n+1

1− ρ
nθn−1

j θ′j

)
=

θ0jψ̂2j

(
θj − (n+ 1)θn+1

j

1− θnj )
+
θ2j (1− θnj )

(1− θj)2
+
ρ− ρN−n+1

1− ρ
nθnj

)
,

(II.3)

where, for the sake of clarity, we have written θj = θj(E) and θ′j = θ′j(E).

III Computing the global unanimity general equilibrium

In the following, we describe the computation of the global unanimity general equilibrium (Definition 3),

consisting of an economic equilibrium (Definition 1), a global unanimity agreement (Definition 2), and a

vector carbon revenue shares (a1, . . . , aJ) ∈ ∆J−1. First, we compute the economic equilibrium for a given

level of global emissions and estimate the carbon revenue as a function of global emissions. Next, we solve

the government’s optimization program for the estimated carbon revenue function. Finally, we find the

equilibrium level of global emissions and obtain the values of all other variables.
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III.1 Economic equilibrium

Given relative prices (c and r), the representative firm of country j maximizes profits according to the

following program:

max
Kj ,ej ,µj

Gj (Kj)− rKj − cej − Cj (µj)Gj (Kj)

s.t. Gj(Kj) = κjK
αj

j

ej = (1− µj) ηjGj (Kj)

Cj (µj) = ζjµ
βj

j

µj ≤ 1

(III.1)

The FOC for an interior solution yield

(∂Kj) :
(
1− c (1− µj) ηj − ζjµ

βj

j

)
κjαjK

αj−1
j = r (III.2a)

(∂µj) : c ηj = ζjβjµ
βj−1
j . (III.2b)

It follows from (III.2a) that

Kj =

(
1− c (1− µj) ηj − ζjµ

βj

j

r
κjαj

) 1
1−αj

. (III.3)

From (III.2b) and µj ≤ 1 for all j we obtain

µj = min

{(
c
ηj
ζjβj

) 1
βj−1

, 1

}
, j = 1, . . . , J. (III.4)

Substituting (III.3) in the capital market clearing condition (
∑
j Kj =

∑
j K̄j ≡ K̄) yields

∑
j

(
1− c (1− µj) ηj − ζjµ

βj

j

r
κjαj

) 1
1−αj

= K̄. (III.5)

For a given level of global emissions E, the emission market clearing condition (
∑
ej = E) obtains

∑
j

(1− µj) ηjκj

(
1− c (1− µj) ηj − ζjµ

βj

j

r
κjαj

) αj
1−αj

= E, (III.6)

where we have used ej = (1− µj)ηjGj(Kj) and (III.3).

Finally, we obtain ĉ(E), r̂(E), and µ̂j(E) for j = 1 . . . , J (J + 2 unknowns) as the solution to the system of

equations (III.4) and the market clearing conditions (III.5) and (III.6) (J + 2 equations).
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We programmed Mathematica to compute the economic equilibrium for a broad range of global emission

levels E ∈ [5, 65], in increments of 0.1. Figure III.2 displays the fitted carbon revenue function CR(E) =

ĉ(E)E along with its associated residual errors. The function CR is strictly concave, ensuring a unique

international unanimous agreement on global emissions E∗ (Proposition 2). This equilibrium can be derived

by combining the governments’ first-order condition for utility maximization with the property
∑
j aj = 1.

Figure III.2: Estimated carbon revenue function and residuals. Left panel: carbon rev-
enue generated from the economic equilibria for different values of E (blue) and its polynomial fit,
0.634568 + 0.504318E − 0.0109408E2 + 0.0000568606E3 (orange). Right panel: residuals from the poly-
nomial fit.
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III.2 Unanimity agreement

Governments maximize the present value of their returns from carbon revenue net of climate damages eq. (17)

Vj(E) =
ρ− ρn+1

1− ρ
ajCR(E)−Hj(E). (III.7)

From the FOC condition of the government’s program we obtain

aj =
H ′
j(E

∗
j )

ρ−ρn+1

1−ρ CR′(E∗
j )
, (III.8)

where E∗
j is the optimal global emission level for country j. In a unanimous agreement, E∗

j = E∗ − k for all

j, k, which, combined with the carbon revenue balance condition
∑
j aj = 1, implies

∑
j

H ′
j(E) =

ρ− ρn+1

1− ρ
CR′(E), (III.9)

where H ′ is the first derivative of the damage function (16) and CR′ is the first derivative of the estimated

carbon revenue function obtained from the economic equilibria (Figure III.2).

The international unanimous agreement on global emissions E∗ is obtained as the unique solution to (III.9)

(which is condition (18) in the main text).
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III.3 Global unanimity general equilibrium

Use the unanimous global emission level E∗ to compute the general equilibrium price of carbon emissions,

price of capital, and abatement rates as, respectively, c∗ = ĉ(E∗), r∗ = r̂(E∗), and µ∗
j = µ̂(E∗). Other values

are obtained as follows: the stocks of capital follow from the first-order condition for profit maximization of

the firm (III.3)

K∗
j =

(
1− c∗(1− µ∗

j )ηj − ζj(µ
∗
j )
β

r∗
κjαj

) 1
1−αj

j = 1, . . . , J ;

the annual country emissions are

e∗j = (1− µ∗
j )ηjκj(K

∗
j )
αj j = 1, . . . , J ;

and, finally, the shares of total revenue follow from the governments’ first-order condition (III.8)

a∗j =
1− ρ

ρ− ρn+1

H ′
j(E

∗)

CR(E∗)
j = 1, . . . , J ; . (III.10)

IV Country-level outcomes in the global unanimity general equilibrium

Table IV.1: Country-level outcomes. Average annual values. A positive (negative) redistribution value
represents a net recipient (donor).

Country GDPpc Revenue Revenue Redistribution Revenue Damages

received raised share

yj/popj ajc E/yj cej/yj (ajcE − cej)/yj aj × 100 Hj(E)/yj

ISO3 US-$ pc % GDP % GDP % GDP % revenue % GDP

AGO 8, 987 5.55 1.78 3.77 0.23 2.61

ALB 17, 253 3.85 2.57 1.28 0.03 3.22

ARE 78, 959 1.44 3.02 -1.58 0.25 1.14

ARG 50, 239 2.62 1.42 1.20 0.83 2.02

ARM 19, 035 1.67 2.46 -0.79 0.01 1.29

AUS 81, 935 2.68 2.02 0.66 1.10 1.57

AUT 58, 989 3.03 1.88 1.15 0.25 1.99

AZE 21, 464 0.57 1.30 -0.73 0.02 0.35

BDI 8, 191 4.34 0.71 3.62 0.07 1.75

BEL 53, 149 0.98 1.80 -0.82 0.10 0.61

Continued on next page
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Table IV.1 – continued from previous page

Country GDPpc Revenue Revenue Redistribution Revenue Damages

received raised share

BEN 8, 233 3.74 0.28 3.47 0.06 1.60

BFA 10, 010 3.02 0.00 3.02 0.11 1.32

BGD 13, 933 3.78 3.54 0.24 1.27 2.14

BGR 56, 311 3.26 1.74 1.52 0.17 2.75

BIH 32, 527 2.45 0.00 2.45 0.04 2.47

BLR 49, 335 1.38 2.05 -0.67 0.08 1.15

BLZ 21, 912 1.92 2.12 -0.20 0.00 1.29

BOL 30, 303 2.84 0.00 2.84 0.14 1.59

BRA 34, 604 2.77 2.06 0.71 2.91 2.18

BRN 68, 011 0.65 2.68 -2.02 0.00 0.53

BTN 68, 414 6.07 3.07 3.00 0.06 4.19

BWA 33, 440 2.79 2.23 0.56 0.03 2.02

CAF 4, 861 4.28 0.00 4.28 0.02 1.76

CAN 67, 468 5.62 1.74 3.89 2.61 3.41

CHE 63, 856 5.71 1.47 4.24 0.49 3.70

CHL 42, 029 4.25 2.14 2.11 0.49 3.49

CHN 64, 310 1.01 3.16 -2.15 12.17 1.12

CIV 17, 931 2.32 2.21 0.10 0.14 1.26

CMR 11, 880 2.39 1.97 0.42 0.11 1.15

COD 6, 899 4.63 0.00 4.63 0.49 1.88

COG 19, 319 3.37 0.93 2.44 0.06 1.88

COL 34, 727 2.09 2.14 -0.05 0.57 1.34

COM 4, 507 6.09 2.23 3.86 0.00 2.72

CPV 10, 759 3.17 2.17 1.00 0.00 2.28

CRI 44, 769 3.17 2.05 1.12 0.12 2.39

CYP 26, 795 2.38 2.66 -0.29 0.01 1.65

CZE 61, 681 1.73 0.80 0.93 0.19 1.03

DEU 58, 737 0.71 1.86 -1.16 0.51 0.47

DJ 12, 354 0.13 0.71 -0.58 0.00 0.08

DNK 52, 553 0.68 1.87 -1.19 0.03 0.38

DOM 24, 823 1.34 2.16 -0.82 0.05 0.96

DZA 16, 884 1.48 0.00 1.48 0.15 0.97

Continued on next page
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Table IV.1 – continued from previous page

Country GDPpc Revenue Revenue Redistribution Revenue Damages

received raised share

ECU 20, 714 3.31 1.91 1.39 0.17 1.82

EGY 37, 332 1.74 2.23 -0.49 0.96 1.11

ESP 37, 600 1.21 1.90 -0.69 0.36 0.78

EST 47, 180 1.02 0.00 1.02 0.01 0.64

ETH 8, 376 3.26 0.00 3.26 0.47 1.46

FIN 62, 972 0.39 1.53 -1.14 0.02 0.24

FJI 11, 705 3.82 3.12 0.70 0.01 2.53

FRA 49, 283 2.65 1.84 0.81 1.49 1.59

GAB 32, 171 2.31 1.87 0.44 0.02 1.56

GBR 68, 679 4.26 1.87 2.39 3.24 2.63

GEO 20, 132 1.44 2.26 -0.82 0.01 1.21

GHA 11, 025 2.46 2.23 0.23 0.13 1.25

GIN 27, 762 2.30 0.00 2.30 0.11 1.38

GMB 12, 758 5.03 1.75 3.27 0.02 2.54

GNB 10, 820 3.31 0.00 3.31 0.01 1.50

GNQ 57, 321 0.46 2.21 -1.75 0.00 0.33

GRC 42, 811 5.42 1.82 3.61 0.40 3.48

GTM 19, 427 3.00 2.11 0.89 0.15 1.75

HND 15, 448 2.14 0.60 1.54 0.04 1.19

HRV 26, 640 2.08 2.57 -0.49 0.03 1.80

HTI 8, 701 2.87 0.00 2.87 0.04 1.40

HUN 33, 497 1.95 1.76 0.19 0.09 1.15

IDN 21, 454 4.87 3.11 1.76 3.98 3.42

IND 19, 100 5.53 3.29 2.23 22.12 3.58

IRL 52, 091 2.16 1.63 0.53 0.10 1.29

IRN 22, 668 3.67 3.04 0.63 1.01 2.71

IRQ 23, 803 1.05 2.74 -1.69 0.17 0.57

ISL 82, 345 0.37 1.31 -0.94 0.00 0.22

ISR 72, 177 1.48 3.05 -1.56 0.20 0.74

ITA 35, 295 3.89 1.86 2.02 1.30 2.63

JAM 13, 204 2.27 2.01 0.26 0.01 1.80

JOR 26, 433 3.97 2.94 1.02 0.16 2.10

Continued on next page
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Table IV.1 – continued from previous page

Country GDPpc Revenue Revenue Redistribution Revenue Damages

received raised share

JPN 85, 306 2.51 1.83 0.68 3.78 1.87

KAZ 58, 313 3.62 0.00 3.62 0.55 3.27

KEN 8, 145 1.86 1.13 0.73 0.13 0.86

KGZ 12, 327 4.91 0.00 4.91 0.05 3.33

KHM 15, 633 0.38 3.80 -3.43 0.01 0.23

KOR 105, 769 1.71 2.47 -0.76 1.31 1.31

KWT 125, 131 1.09 3.04 -1.96 0.10 0.90

LAO 15, 927 1.15 3.42 -2.27 0.02 0.67

LBN 28, 639 6.05 2.88 3.17 0.11 4.78

LBR 8, 422 4.38 0.62 3.75 0.04 1.79

LKA 38, 871 1.87 1.84 0.03 0.22 1.37

LSO 8, 173 9.85 2.15 7.70 0.03 4.67

LTU 41, 276 1.03 2.52 -1.49 0.02 0.96

LUX 108, 135 0.57 1.90 -1.33 0.01 0.39

LVA 32, 723 1.36 2.57 -1.20 0.01 1.15

MAR 21, 186 2.85 2.23 0.62 0.28 1.99

MDA 16, 563 2.69 1.76 0.93 0.02 2.68

MDG 6, 289 3.27 0.00 3.27 0.09 1.39

MEX 36, 772 2.16 2.03 0.13 1.43 1.55

MKD 34, 322 3.97 2.33 1.65 0.04 3.10

MLI 7, 468 3.82 0.00 3.82 0.10 1.62

MMR 9, 481 1.03 3.69 -2.66 0.07 0.73

MNE 23, 237 6.86 2.42 4.44 0.02 5.82

MNG 34, 274 2.83 0.00 2.83 0.04 2.12

MOZ 10, 241 2.78 0.00 2.78 0.13 1.14

MRT 7, 631 4.43 0.00 4.43 0.02 2.32

MUS 43, 106 0.39 1.98 -1.60 0.00 0.30

MWI 11, 644 2.46 1.51 0.95 0.11 0.94

MYS 48, 776 1.65 3.18 -1.53 0.42 1.18

NAM 22, 156 4.49 2.02 2.47 0.04 3.00

NER 4, 665 1.49 0.00 1.49 0.03 0.48

NGA 12, 899 2.81 2.23 0.57 1.35 1.21

Continued on next page
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Table IV.1 – continued from previous page

Country GDPpc Revenue Revenue Redistribution Revenue Damages

received raised share

NIC 13, 274 0.32 0.00 0.32 0.00 0.20

NLD 64, 141 0.51 1.81 -1.30 0.09 0.32

NOR 94, 270 0.59 1.89 -1.30 0.06 0.35

NPL 8, 545 8.19 3.85 4.34 0.40 3.97

NZL 57, 058 3.83 1.22 2.62 0.18 2.09

OMN 51, 458 3.78 2.80 0.97 0.11 2.77

PAK 13, 294 4.32 3.54 0.78 1.86 2.24

PAN 51, 258 2.14 2.10 0.03 0.07 1.67

PER 49, 124 2.12 2.15 -0.03 0.44 1.62

PHL 18, 097 4.20 2.85 1.34 1.31 2.42

POL 58, 913 0.93 0.00 0.93 0.31 0.65

PRT 30, 006 4.07 1.90 2.17 0.21 2.47

PRY 24, 386 3.29 0.60 2.69 0.09 1.80

QAT 187, 286 1.58 2.93 -1.35 0.15 1.49

ROU 36, 686 2.55 2.56 -0.01 0.25 2.08

RUS 49, 781 3.05 1.18 1.87 3.02 2.59

RWA 10, 656 4.05 2.23 1.81 0.10 1.82

SAU 45, 501 2.46 3.03 -0.58 0.72 1.90

SDN 13, 892 0.85 1.09 -0.24 0.11 0.39

SEN 9, 156 2.29 1.84 0.45 0.05 1.05

SLE 9, 700 4.35 1.23 3.13 0.05 1.84

SLV 17, 525 1.96 2.15 -0.18 0.03 1.73

SRB 15, 869 1.81 0.00 1.81 0.04 1.48

SUR 22, 671 3.74 2.14 1.60 0.01 2.52

SVK 55, 592 1.17 1.57 -0.40 0.06 0.82

SVN 43, 018 3.34 2.55 0.79 0.05 2.06

SWE 68, 885 0.96 1.75 -0.80 0.12 0.54

SYR 48, 026 0.90 1.42 -0.51 0.17 0.52

TCD 9, 801 0.54 0.00 0.54 0.01 0.22

TGO 6, 279 5.11 0.00 5.11 0.04 2.16

THA 39, 442 1.25 2.95 -1.70 0.52 0.86

TJK 9, 470 4.45 0.00 4.45 0.04 3.09

Continued on next page
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Table IV.1 – continued from previous page

Country GDPpc Revenue Revenue Redistribution Revenue Damages

received raised share

TKM 35, 098 2.80 0.00 2.80 0.08 2.41

TTO 73, 634 0.32 0.00 0.32 0.00 0.37

TUN 48, 094 0.16 2.16 -2.00 0.01 0.14

TUR 32, 591 3.12 0.75 2.37 1.23 2.14

TZA 10, 479 3.04 1.70 1.34 0.32 1.34

UGA 11, 294 4.40 0.99 3.40 0.42 1.70

UKR 18, 135 5.96 1.52 4.44 0.63 4.24

URY 40, 813 2.70 0.86 1.84 0.05 2.08

USA 106, 177 1.84 1.26 0.58 11.33 1.20

UZB 14, 281 5.58 0.00 5.58 0.33 3.88

VEN 93, 840 0.99 2.06 -1.07 0.47 0.69

VNM 17, 829 2.09 3.85 -1.76 0.52 1.35

YEM 7, 338 1.32 2.22 -0.90 0.05 0.69

ZAF 35, 421 0.61 0.83 -0.22 0.19 0.45

ZMB 8, 909 9.14 2.08 7.05 0.24 4.00

ZWE 2, 286 7.66 0.00 7.66 0.03 3.47

V Computing the global unanimity general equilibrium with myopic govern-

ments

In this scenario, governments choose the level of global emissions that maximizes their utility, myopically

ignoring the impact of global emissions on prices. That is, they act as price-takers with utility as in (33):

Ṽj(E) =
ρ− ρn+1

1− ρ
cE +−Hj(E). (V.11)

where, notice, the price of carbon is taken as a constant.

The FOC (V ′
j (E) = 0) yields (expression (35)):

aj =
1

ρ−ρn+1

1−ρ c
H ′
j(E). (V.12)
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Summing over j and using
∑
j aj = 1 we obtain expression (34) in the text:

∑
j

H ′
j(E) =

ρ− ρn+1

1− ρ
c. (V.13)

The economy is as in the main model (Section III.1). But, in this case, there is no need to estimate the

carbon revenue function. We can compute the global unanimity general equilibrium by solving the system

of J + 3 equations (V.11), (III.4)-(III.6) for the price of capital r, the price of carbon emissions c, the total

level of emissions E, and the abatement rates µj , j = 1, . . . , J . Other values can be obtained as described in

Section III.3.
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