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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.

Keywords: Paris Agreement, climate policy, international environmental agreement, climate
economics.
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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

e 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.

¢ Inthis 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.

o 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.

0 Global mean surface temperature increase could be limited to 1.51°C.

0 At an average carbon price of 320 USD/tCO2.

o0 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.

e 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.
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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.!

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

INote 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.


https://unfccc.int/topics/global-stocktake

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/tCOs, 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.? 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.



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, Caparrds, 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,



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 Loschel (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



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.

30ur 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).



2.1 The economy

Consider a global economy with J countries, indexed by j = 1,...,J. Each country is endowed with labor
(L;), capital (K;), and a representative firm. Firm j chooses capital K, emissions e;, and an abatement
rate p1; € [0, 1] to maximize profits. The production function G;(kK;) is strictly increasing, strictly concave,
and satisfies lim o G;(K) = 0. Emissions are proportional to output e; = (1 — j1;)n;G;(K;), where
n; > 0 is the carbon emission intensity and p; € [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 C;(u;)G;(Kj), where Cj, representing the cost of abatement as a fraction of output, is

strictly increasing and convex (C? >0, C7 > 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 ¢. Given a vector of relative prices (r, ¢), the profit

maximization program of firm j is

maxg; e, ;1= Gi(K;) — 7K —cej — Cj(p;)G5(K;)

st ej = (1 —py) 1;G;(K;) (1)
i <1

To summarize, firms’ profit-maximizing choices determine the demand for capital and emission. The supply
of capital is the global available capital (K = Ej f(j), 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 F, an economic equilibrium is a vector of relative

prices (r, ¢), and an allocation (K7y,..., Ky, p1,..., 1, €1,...,ey) such that:

1. for each country j, (Kj, u1;,e;) maximizes the firm profit maximization program (1); and

2. all markets clear

ZKj:ZKjEK,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 unrequlated emission level, there exists a unique economic equilibrium.



Before providing the proof, it is convenient to define the unit net revenue function

Wi(c) = }1?161%)%1]{1 —enj(1 = py) — Ci(pg)} 5 (3)

and prove the following lemma:

Lemma 1 W; is strictly decreasing and strictly convex in c. The optimal unit emission rate £(c) := (1 —

fj(c))n; is strictly decreasing in c.

Proof of Lemma 1. By the Envelope Theorem, Wi(c) = —n;(1 — fij(c)) = —&(c) < 0. The FOC for

abatement is C’(u;) = cn;. Differentiating with respect to ¢ yields % = % > 0 by the strict convexity

of C;. Thus, €'(c) = —n; d{ﬁ:’ < 0. Since V)'(c) = —¢(c) > 0, Vj(c) is strictly convex. m

Proof of Proposition 1.

Egistence. For any ¢ > 0, the FOC for capital is G';(K;) = r/W;(c). Let K;(r,c) = (G})~"(r/Vj(c)). The
aggregate capital demand Dy (r,¢) = > K;(r, ¢) is strictly decreasing in r. By the Inada conditions, for any
¢, there exists a unique 7(c) such that D (r(c),c) = K. Note that r(c) is strictly decreasing in ¢ to maintain
the equality as Vj(c) falls.

Define the aggregate emission function E(c) = 3" e(¢)G;(K;(r(c), ). Since £(c), G, and K; are continuous,
E(c) is continuous. By assumption, E(0) > E. As ¢ — oo, £(¢) — 0, hence E(c) — 0. By the Intermediate
Value Theorem, there exists ¢* such that E(c*) = E.

Uniqueness. Tt suffices to show dE/dc < 0. Differentiating E(c):

% = Zg’(C)Gj(Kj) + ZE(@GE(K])W (4)

The first term is the abatement effect, which is strictly negative as ¢’(¢) < 0. For the second term, differentiate
the capital market clearing condition Y K;(r,¢) = K to find:
dK; 1 o

& = WEE) @ - T0m), where T =

(5)

Setting Y dK;/dc = 0 yields r'(c) = rv, where 7 is the weighted average Y v;7;/ > v; with weights v; =

(WjGQ/)*l. The second term (reallocation effect) becomes:
—r2 ZVjTj (rj —7) = —rQVarT(Vj) <0 (6)

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

c* is unique. m



2.2 International agreement on the carbon budget

The global level of emissions E € [Enin, Emaz] is determined by an international agreement on a target

temperature,4

Governments maximize the quasi-linear utility V;(FE) that depends on the carbon revenue
CR(E) received net of climate damages H;(E). Let the carbon revenue be fully distributed back to the

countries according to a vector of shares (a1, ...,a,) € RY, Zj a; =1, then
V;(E) :=a;CR(E) — H;(E), (7)

with H; increasing and convex (H' > 0, H” > 0) and CR(E) := ¢(E) x 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 (ay,...,as), a level of global emissions E* represents a

unanimous agreement if EY = B = E* Vj, k, where E} = argmax V;(FE).

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* € (Enin, Fmaz), the
carbon revenue is distributed proportionally to marginal damages
Hi(E") ‘
a; = W(E‘*) > 0, fO?” all J-
Proof. Since CR(E) is strictly concave and H;(E) is convex, CR'(E) — >, H'(E) is a strictly decreas-
ing function that will be zero exactly once, where CR/(E) and }_; H'(E) intersect. The location of this
intersection determines the regime we are in.
o CR (Emin) — Zj H'(Enin) > 0> CR (Emaz) — Z]. H'(Emaz)-
Let E* € (Emin, Emaz) be the unique value with CR'(E) = >, H'(Epaq). Define a; = % >0
for all j. Then E* = argmaxg a;CR(E) — H;(E), a; is proportional to marginal damages, >, a; = 1,
and E* is the unique unanimity agreement.

¢ CR'(Epaz) = X, H' (Brnas) > 0.

Hj(Emaz)

Choose a; = TR (Bayy T € such that ¢; > 0 for all j, and 3 ,e; = 1 —

5, H)(Buae)

CR(Brnay > 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).



a;CR (Epag) > H;-(Emam) and Ep,q, = argmaxg V;(E) for all j. Hence, Ey,q is the unique unanimity

agreement.

o CR' (Emin) — Zj H'(Epin) < 0.
Choose a; = sl > 0. Then V(Emin) = Hj(Epnin) (% - 1) < 0 and Epip =
argmaxp V;(E) for all j. Hence, E,,;, 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
(Ky,...,Ky, p1,...,p0g, €1,...,€5), a share of carbon revenues (ai,...,as), and a global level of emis-

sions E such that,

1. for the global level of emissions FE, the allocation (K7,..., Ky, u1,...,MHs€1,...,e;5) and the relative

prices (7, ¢) constitute an economic equilibrium;

2. for the price of carbon ¢ and the share of revenues (aq, . .., ay), the global level of emissions E represents

a unanimity agreement; and

3. all carbon revenues are redistributed back to the countries: > a; = 1, with a; € [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 ¢(E) be the carbon price as a function of global emissions and CR(E) := ¢(E) x 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.



Proof. Because C'R is a strictly concave function, it follows from Proposition 2 that a unique unanimous
agreement on global emissions E* exists for aj = H}(E*)/CR/(E*), with a; > 0 for all j and }°;a; = 1.
From Proposition 1 there exists a unique economic equilibrium for E*. Therefore, there exists a unique

global unanimity general equilibrium. m

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.®> 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(L;)' " KjY (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 .1 in the Appendix.)

We calibrate total factor productivity (TFP) A; 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 1.1 in the

Appendix). Define x; = Aj(Lj)lfaJ'7 and write the production function as

Gj(K;) = r;Kj. 9)

50nly countries with incomplete data were excluded from the analysis. The list of 154 included countries is provided in
Table 1.1 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.
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Following Nordhaus (2010), abatement costs are measured as a fraction of GDP and take the following form
Cing) = G uf (10)
FAVZ] J My

where p1; is the control rate, 8 represents the degree of nonlinearity in costs, and (; 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 = 2.8. To guard against overly optimistic
abatement cost curves (Cline, 2011), we choose (; 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).% Figure 1 displays

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

Finally, carbon intensities 7; 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:
d](AT) = ’(l)lj 61/)2]AT, (11)

where temperature change AT is measured in degrees centigrade above average pre-industrial levels. The
parameters 11; can be used to scale damages. The calibration of (11) fits Kahn et al. (2021) annual climate

damages (Section IL.1 in the Appendix).” 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:

AT, = p1073Ee™, (12)

where ¢ is the ratio of warming to cumulative COg emissions in °C/TtCOg, known as the transient climate
response to emissions (TCRE), and E{""™ are global cumulative emissions since 1850, in GtCOy. We take
» = 0.495°C per TtCO4 as the best estimate in the literature (IPCC, 2021, Matthews et al., 2018, Gillett
et al., 2013). Given the importance of non-COy greenhouse gases such as methane for warming outcomes
(Stoerk et al., 2025), we include the adjustment for non-COs greenhouse gas emissions proposed in Dietz

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

Step 3. Let EGy™ represent historical cumulative CO, emissions until 2020. Given the constant annual

global emissions E, combine (11) and (12) to express country j’s climate damages in year t as'®
D;(Bgg™ +1E) = e (75" 42) (13)

where 152]' = 102;01073. Finally, letting n < N represent the number of years until a climate-neutral world,

7The last two columns of Table .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).

100bserve that cumulative emissions at year ¢ are historical emissions plus ¢ years of annual emissions E: E{U™ = ESU™ 4+t x E.
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compute the present value of climate damages for constant annual global emissions E as

N n N
Hy(E)= p'h;(t,B) =Y p'Dy(Eg™ +tE) + Y p'Di(Eg™ + nE). (14)
t=1 t=1 t=n-+1

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

+

(ol  Nent1
H,(E) =, (QJ(EQ_%(%” () E>>">,

where ;= 7/11]‘617’2]' Ex™ and 0;(E) = pe”A’%E ; and the first derivative with respect to E

1= (n+1) (0;(E)" 2 L= (0(E)" | p=pN
—o,;) TP T (QJ(E))>~ (16)

H'/(E) = fo02; (9j(E)

The government’s utility function, the present value of the returns from carbon revenue net of climate
damages, is
- p—pt!
Vi(E) =Y p' (a;CR(E) — h(t, E)) = TpajCR(E) — H;(E). (17)
t=1

We use an annual discount rate of 1.5% (p = 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 ¢(E)
and 7(F) and the abatement rates fi(F) 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) = é(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 Zj aj =1,
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the equilibrium can be found as the solution to

'3

Z Hi(E) = %’);CR’(E). (18)

Finally, compute the general equilibrium price of carbon emissions ¢* = ¢(E*), price of capital r* = #(E*),
and abatement rates uj = fi(E*), j = 1,...,.J. Other values are obtained as follows:

e K7 and ej, the stock of capital and the annual emissions for country j, follow from the first-order

conditions for profit maximization of the firms

1—c*(1—pH)n; — Gut)? e
Ky = ( ( M;l’b G wj) mjaj> j=1,...,J, and (19a)
e;f =(1- p;)njmj (K]’f‘)o‘f, respectively; (19b)

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

maximization
1-— H*) (E*
p ( ]) ( ); and (20)

al =

7 p—pmtt CR(EY)

e the net contribution of country j is ¢*(1 — u})ej —aj 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 CO since 1850 would be kept to 3050 GtCO,.!! 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/tCO,. 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

HRecall that we account for the radiative forcing effects of non-COg 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/tCOy (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 (u; 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 (¢), global carbon revenue per annum (cE),

and international climate finance (computed as 37, o t;, where ¢; = (a;cE — ce;) represents net transfers).

Climate outcomes

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

Cumulative emissions 3050
(GtCO4 since 1850)

Economic outcomes

Carbon price (USD/tCOs) 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 ( )(left panel) and share in (a;) (right panel)
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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 t; := a;cE —ce; 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 3, oot = > ;. <o t;; 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 (a;cE) divided by the carbon revenue raised domestically
(cej), plotted over the magnitude of country-level international climate finance transfers in GDP terms
(tj/y;) (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 1.5x and 2x 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-CO; 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
(E].:tpo tj, where t; := (ajcE — ce;) represents net transfers).

Main results

Robustness checks

Abatement Climate Transient climate
costs damages response
Lower Higher x1.5 x2  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/tC0O2)
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% 32%  22%  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% 0.710% 0.73% 0.70%

Notes:

Abatement costs: Preferred calibration uses 1.5 times (; compared to RICE abatement cost.
specification in RICE, while higher value uses 2 times (;.
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-CO; greenhouse gases following Dietz and Venmans (2019): TCRE=0.495°/1000 GtCO;. The lower and higher
specifications correspond, respectively, to the lower and upper bounds reported in IPCC (2021) with the same non-CO»
adjustment: TCRE)q = 0.297 and TCREpign = 0.693.

Lower value uses the

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 (z) and climate damages:

uj(z, E) = 7prHj(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),...(zs,ey)) is globally feasible if there is

an allocation of capital K1, ..., Kj, abatement rates ui, ..., s, and output y, ..., ys such that:
v =Gi(K;), ej=m(l—p)y;, Y x;= (1=Ci(u))y;, and D K;j=> K;.  (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.

N+41

Proposition 4 Letting p = 25 ) the necessary first-order conditions for an allocation to be Pareto

efficient are:

@) (V) p=ni(1—py) > H(E) = Ci(u),
l

(”) (VZ _]) G;(Kl) _ /3_77.7'(1 _lj’j) Zl HII(E) _/3 Cj(:uj)

GG L =mi(p— ) 3o HI(E) = p Ci(pa)

(iti) (V) either p Cj(u;) =n; y_ H{(E) or p; = 1.
l

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

max p x1 — Hi(E)

s.t.
pxj—H;(E)>gq;, Vj>1 (A})
Z(l_CJ(Nv)) G;(K;) >ZIJ (a)
J J (24)
K> ZKJ- )
E> Z"?j(l - #J)GJ(KJ) ()
Vi 12> py (¢)

where K =Y K ;- The program is not convex, because of the global emissions constraint (the functions G,
are concave). Therefore, the Kuhn-Tucker conditions are necessary but not sufficient for the solution of the

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

(Oz;) a=pand \; =1 for all j; (25a)
(0Kj)  a(l=Cj(py))Gi(E;) = B =~ n; (1 —py) G3(K;) =0 (25b)
Ops) = Cj(py)G(K;) +ym; Gi(Kj) — ¢ =0 (25¢)
(OF) —> NHH(E)+7=0 (25d)
J
From (25a) and (25d), v =), H;(E). Then, from (25b) we get
B = (ﬁ(lCj(ﬂj))ﬂj(lﬂj)zH{(E)> G (K;j), (26)
1
yielding the following conditions:
Vi) p=mi(L—py) Y HI(E) = Cjluy), (27a)
1
- GiKi) _ p (A —=Cj(py)) —mi(1—pj) 32 H{(E)
Vi, y = = y . 27b
I G T e (U Gl — (L ) S () )
Finally, since (;(1 — p;) = 0 for all j, it follows from (25¢) the following conditions:
(Vj) either pj; < 1 and p Cf(u;) = n; ZH[(E) or ;=1 (28)

l

These are the stated conditions in the proposition. m
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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

G5(Kj) (1 —c(1 = py)n; — Cj(py)) =7 and (29a)
e ;G (K;) — C(uy)G;(K;) = ¢, (29D)

where ( is the multiplier of the constraint pu; <1 (see (1)).

From the governments’ FOC for V;(E) (17), and using > a; =1,
Y Hj(E) = p(e(E) + & (E)E). (30)

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

GH(K,) _ p— (1 s (5 HI(E) ~ #(B)E) — ) o
Gi(Ki)  p— (1 —pg)n; O, H{(E) — &(E)E) — p Cj(u;)
For countries with p; < 1, (30) and (29b) yield
pCiu) =m; Y hi(E). (32)
1

Comparing (31) to the necessary conditions for efficiency in Proposition 4 we observe that there is an extra
term (¢ (E)E) that derives from the impact of the level of emissions on the carbon price. Hence, the outcome

is not efficient. m

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

- p— pn+1

Vi(E) = cE — H;(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 (V}(E) = 0) yields
n—+1
p—p

Carbon revenues are still distributed proportional to marginal climate damages

1
p—pnt?!
1-p ¢

aj = H/(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

G5 (Kj) (1 —c(1 = py)n; — Cj(py)) =7 and (36a)
e n;G(K;) — C(uy)G5(K;) = ¢, (36D)

where ( is the multiplier of the constraint u; <1 (see (1)).

From the governments’ FOC for V;(E) (33), and using Y a; = 1,
S Hj(E)=pc. (37)

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

G (K;) _ p= (= pa)mi 32, Hi(E) = p Cip) (38)
GiE:)  p—= (L= py)n; 22 Hi(E) = p i)
For countries with p; < 1, (37) and (36b) yield
p Cius) =m; Y _ hi(E). (39)
1

These are the necessary conditions for efficiency in Proposition 4. m

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
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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/tCOg, 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 (¢), global carbon revenue per annum (cE) and international climate
finance (Zj:t]>0 t;, where t; := ajcE — ce; 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 w = 0.035. Full altruism, as modeled in our headline results, corresponds to w = 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)

EcoNnoMIC 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

pP— pn+1 .
Vi(E) = e (wj I;(E) + a; CR(E)) 4+ I}*" — H;(E). (40)
where now I;(E) = I1;(E) + #(E)K; is the annual economic income for ¢ < n, weighted by w; € [0,1], and
1 ;‘Cto is the present value of economic income after reaching net-zero emissions. Observe that our original
model setup is equivalent to w = 0, and that (1 — w;) 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 w; = w for all j. Next, we
vary w and study how this affects the result of ratcheting up Pairs. For w = 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 w strictly positive but close to 0 - a global unanimity general equilibrium still
exists. Table 3 shows the outcomes for w = 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 w >> 0 there is no
equilibrium with a; > 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 a; < 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

_ n+1 N _
ZH;(E) = % (CR’(E) +> (H;(E) +f’(E)Kj)> . (a1)

J
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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 COs, 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.

References

Adrian, Tobias, Patrick Bolton, and Alissa M. Kleinnijenhuis. 2022. “The Great Carbon Arbitrage.”
IMF Working Paper WP /22/107.

Aviso, Kathleen B., Raymond R. Tan, Jose B. Jr Cruz, and Maria Victoria Migo-Sumagang.
2024. “Use game theory for climate models that really help reach net zero goals.” Nature, 100: 502.

Barrett, Scott. 1994. “Self-Enforcing International Environmental Agreements.” Ozford Economic Papers,

46: 878-894.

Barrett, Scott. 2003. Environment and Statecraft: The Strategy of Environmental Treaty- Making. New

York:Oxford University Press.
Barrett, Scott. 2018. “Choices in the climate commons.” Science, 362: 1217.

Black, Simon, Ian W.H. Parry, and Karlygash Zhunussova. 2023. “Is the Paris Agreement Working?
A Stocktake of Global Climate Mitigation.” IMF Staff Climate Note No 2023/002.

Bolton, Patrick, Alissa M. Kleinnijenhuis, and Jeromin Zettelmeyer. 2024. “The economic case

for climate finance at scale.” Bruegel Policy Brief, Issue n°09/24, June 2024.

Buchholz, Wolfgang, and Todd Sandler. 2021. “Global Public Goods: A Survey.” Journal of Economic
Literature, 59: 488-545.

Burke, Marshall, Mustafa Zahid, and Solomon Hsiang. 2025. “The Possibility and Plausibility of
large Macroeconomic impacts from climate change.” In Implications of Climate Change and FEcosystem
Services Degradation for Macroeconomic and Financial Stability. , ed. Maximilian Auffhanmmer, Elias

Albagli, Sofia Bauducco and Gonzalo Garcia-Trujillo. Banco Central de Chile.

Caparrés, Alejandro. 2020. “Pledge and implement bargaining in the Paris Agreement on climate change.”

Instituto de Politicas y Bienes Publicos (IPP), CSIC Working Papers 2003.

Carattini, Stefano, and Andreas Loschel. 2021. “Managing momentum in climate negotiations.” Envi-

ronmental Research Letters, 16: 051001.

28



Carattini, Stefano, Simon Levin, and Alessandro Tavoni. 2019. “Cooperation in the climate com-

mons.” Review of Environmental Economics and Policy, 13(2): 227-247.

Carleton, Tamma, Amir Jina, Michael Delgado, Michael Greenstone, Trevor Houser, Solomon
Hsiang, Andrew Hultgren, Robert E Kopp, Kelly E McCusker, Ishan Nath, James Rising,
Ashwin Rode, Hee Kwon Seo, Arvid Viaene, Jiacan Yuan, and Alice Tianbo Zhan. 2022.
“Valuing the global mortality consequences of climate change accounting for adaptation costs and benefits.”

Quarterly Journal of Economics, 137(4): 2037-2105.

Carraro, Carlo, and Domenico Siniscalco. 1993. “Strategies for the international protection of the

environment.” Journal of Public Economics, 52: 309-328.

Clarke, Richard H., Noah J. Wescombe, Saleemul Huq, Mizan Khan, Bert Kramer, and
Domenico Lombardi. 2023. “Climate loss-and-damage funding: a mechanism to make it work.” Nature,

632: 689-692.

Clausing, Kimberley A., and Catherine Wolfram. 2023. “Carbon Border Adjustments, Climate Clubs,
and Subsidy races When Climate Policies Vary.” Journal of Economic Perspectives, 37(3): 137-162.

Cline, William R. 2011. Carbon Abatement Costs and Climate Change Finance. Peterson Institute for

International Economics.

Crippa, Monica, Diego Guizzardi, Efisio Solazzo, Marilena Muntean, Edwin Schaaf, F
Monforti-Ferrario, Manola Banja, J Olivier, G Grassi, S Rossi, et al. 2021. “GHG emissions
of all world countries.” Publications Office of the European Union. hitps://publications. jrc. ec. europa.

eu/repository/handle/JRC126363.

Dietz, Simon, Alex Bowen, Baran Doda, Ajay Gambhir, and Rachel Warren. 2018. “The Eco-

nomics of 1.5°C Climate Change.” Annual Review of Environment and Resources, 43: 455-480.

Dietz, Simon, and Frank Venmans. 2019. “Cumulative carbon emissions and economic policy: in search

of general principles.” Journal of Environmental Economics and Management, 96: 108-129.

Dietz, Simon, James Rising, Thomas Stoerk, and Gernot Wagner. 2021. “Economic impacts of tip-

ping points in the climate system.” Proceedings of the National Academy of Sciences, 118(34): €2103081118.

Eichner, Thomas, and Mark Schopf. 2024. “On breadth and depth of climate agreements with pledge-

and-review bargaining.” Journal of Environmental Economics and Management, 125: 102952.

Eichner, Thomas, and Riidiger Pethig. 2024. “International Environmental Agreements When Coun-

tries Behave Morally.” Journal of Environmental Economics and Management, 125: 102955.

29



European Commission. 2018. “A Clean Planet for all. A European long-term strategic vision for a pros-
perous, modern, competitive and climate neutral economy. In-depth analysis in support of the Commission

Communication COM (2018) 773.”

Farrokhi, Farid, and Ahmad Lashkaripour. 2025. “Can Trade Policy Mitigate Climate Change?”
Econometrica, 93: 1561-1599.

Gillett, Nathan P, Vivek K Arora, Damon Matthews, and Myles R Allen. 2013. “Constraining
the ratio of global warming to cumulative CO2 emissions using CMIP5 simulations.” Journal of Climate,

26(18): 6844-6858.

Glennerster, Rachel, and Seema Jayachandran. 2023. “Think Globally, Act Globally: Opportunities
to Mitigate Greenhouse Gas Emissions in Low- and Middle-Income Countries.” Journal of Economic

Perspectives, 37(3): 111-136.

Grafton, R Quentin, Tom Kompas, and Ngo Van Long. 2017. “A brave new world? Kantian—Nashian

interaction and the dynamics of global climate change mitigation.” Furopean Economic Review, 99: 31-42.
Harstad, Bard. 2023a. “Pledge-and-review bargaining.” Journal of Economic Theory, 207(683031): 105574.

Harstad, Bard. 2023b. “Pledge-and-Review Bargaining: From Kyoto to Paris.” Economic Journal,
207: 1181-1216.

Harstad, Bard. 2016. “The Dynamics of Climate Agreements.” Journal of the European Economic Asso-
ciation, 14(3): 719-752.

Hassler, John, and Per Krusell. 2012. “Economics and climate change: Integrated assessment in a

multi-region world.” Journal of the Furopean Economic Association, 10(5): 974-1000.

Hassler, John, Per Krusell, and Conny Olovsson. 2024. “Climate Policy in the Wide World.” Working
Paper.

IPCC. 2021. “IPCC, 2021: Summary for Policymakers.” In Climate Change 2021: The Physical Science
Basis. Contribution of Working Group I to the Sixzth Assessment Report of the Intergovernmental Panel
on Climate Change. , ed. V. Masson-Delmotte, P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger,
N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K.
Maycock, T. Waterfield, O. Yelek¢i, R. Yu and B. Zhou. Cambridge University Press.

Kahn, Matthew E., Kamiar Mohaddes, Ryan N.C. Ng, M. Hashem Pesaran, Mehdi Raissi, and
Jui-Chung Yang. 2021. “Long-term macroeconomic effects of climate change: A cross-country analysis.”

Energy Economics, 104: 105624.

Keohane, Robert O., and Michael Oppenheimer. 2016. “Paris: Beyond the Climate Dead End through
Pledge and Review?” Politics and Governance, 4(3): 142-151.

30



Leimbach, Marian, Elmar Kriegler, Niklas Roming, and Jana Schwanitz. 2017. “Future growth

patterns of world regions — A GDP scenario approach.” Global Environmental Change, 42: 215-225.

Lemoine, Derek, Catherine Hausman, and Jeffrey G. Shrader. 2025. “A Guide to Climate Dam-
ages.” NBER Working Paper No. w34348.

Llavador, Humberto, John Roemer, and Thomas Stoerk. 2022. “Global Unanimity Agreement on
the Carbon Budget.” Cuadernos Economicos de ICE, 104: 9-29.

Maggi, Giovanni, and Robert Staiger. 2023. “International Climate Agreements and the Scream of

Greta.” NBER Working Paper No. w30681.

Matthews, H Damon, Kirsten Zickfeld, Reto Knutti, and Myles R Allen. 2018. “Focus on cumula-
tive emissions, global carbon budgets and the implications for climate mitigation targets.” Environmental

Research Letters, 13(1): 010201.

Matthews, H Damon, Nathan P Gillett, Peter A Stott, and Kirsten Zickfeld. 2009. “The pro-

portionality of global warming to cumulative carbon emissions.” Nature, 459(7248): 829-832.

Mobir, Mahmoud, Shweta Movalia, Hannah Pitt, Alfredo Rivera, Emma Rutkowski, and Kate
Larsen. 2025. “Rhodium Climate Outlook 2025: Probabilistic Global Emissions and Energy Baseline

Projections.” Rhodium Group.

Nordhaus, William. 2015. “Climate clubs: Overcoming free-riding in international climate policy.” Amer-

ican Economic Review, 105(4): 1339-70.

Nordhaus, William D. 2010. “Economic aspects of global warming in a post-Copenhagen environment.”

Proceedings of the National Academy of Sciences of the United States of America, 107(26): 11721-11726.

Ostrom, Elinor. 2010. “Beyond Markets and States: Polycentric Governance of Complex Economic Sys-

tems.” American Economic Review, 100: 641-672.
Paris Agreement. 2015. “United Nations Treaty Collection, Chapter XXVII 7. d.”

Parry, Ian, Simon Black, and James Roaf. 2021. “Proposal for an International Carbon Price Floor

among Large Emitters.” International Monetary Fund IMF Staff Climate Notes 2021/001.

Riahi, Keywan, Detlef P Van Vuuren, Elmar Kriegler, Jae Edmonds, Brian C O’neill,
Shinichiro Fujimori, Nico Bauer, Katherine Calvin, Rob Dellink, Oliver Fricko, et al. 2017.
“The Shared Socioeconomic Pathways and their energy, land use, and greenhouse gas emissions implica-

tions: An overview.” Global Environmental Change, 42: 153-168.

Roemer, John E. 2010. “Kantian equilibrium.” Scandinavian Journal of Economics, 112(1): 1-24.

31



Roemer, John E. 2019. How we cooperate: a theory of Kantian optimization. Yale University Press.

Stavins, Robert. 2021. “What Happened in Glasgow at COP267”
https://www.robertstavinsblog.org/2021/11/14 /what-happened-in-glasgow-at-cop26/ .

Stoerk, Thomas, James Rising, Drew Shindell, and Simon Dietz. 2025. “Global methane action

pays for itself at least six times over.” Science, 390.

32



Supplementary Appendix

I Quantitative application: calibration summary table

IT Country-specific climate damage functions
II.1 Calibration of climate damage as a function of increases in temperature . . . . ... ... ..

I1.2 Present value of climate damages for constant annual emissions: H;(E) . .. ... ... ...

IITI Computing the global unanimity general equilibrium
III.1 Economic equilibrium . . . . . . . . . . . .
II1.2 Unanimity agreement . . . . . . . . . .. . L

I11.3 Global unanimity general equilibrium . . . . . . . .. ... .. .
IV Country-level outcomes in the global unanimity general equilibrium

V Computing the global unanimity general equilibrium with myopic governments

33

35

43

43

43

44

45

46

47

47

52



o8ed 9xou UO ponuIIuo))

GCC8EG'0 LG8LT00 ¢e00 L6002¢0 96.670°0 760L2¢°0 £€L6¢0°0 0T¥200°0 16G€°0 T-INV'T 7'1d
7GC19L°0 9ILETC'T 8¢0°0 VE|TTE 0 188¥780°0 08€¢6¢°0 0GGLEV'T SreceEr’0 9619°S NSA-NHA | ¥7T1d
GG98€9°0 961E88°0 8¢0°0 L6GRT9°0 911990°0 L6262€°0 £6L00€°0 88¢€0T°0 00¢S'¢ NHAH HId
EVEEEL0 G00009°¢ 8¢0°0 IVILLE O LV8¥60°0 LV061€°0 896€08°0 GLV1CE 0 65999 IN-¢1NH quod
716260 T VLy2G9'9 250°0 0601€C°0 LG08€0°0 ¢1009€°0 G6TCST L €61ESTC 9L6¢°0L1 T-SVO and
¢80V8E’T L0166¢°0 €€0°0 9ELTES O 6¢87¢0°0 LET69C°0 G90€6€°0 L0661¢°0 01¢v'9¢ T-VSS vdd
[Nl LCCSET0 €00 EIELTV O ¢eT1800 LET69¢°0 1670070 916€¢1°0 TPee vl T-VSS NHA
Ge6c00°1 2005990 8200 98680¢°0 8G1¢60°0 TITLLEO G66119°G 66L368°0 S6VIET SINAd THd
E8CL8Y'T 160210 £€0°0 00L68¢°0 €r4120°0 LE169¢°0 £86G680°0 L¢%6L0°0 0LL071 T-VSS 1aga
0G8CI0'T €160C1°0 8¢0°0 LETVIVO 0ry8¥0°0 ¢aG8L0¢°0 7€0L0L°0 9.¢0¢¢ 0 LC97°01 SVO (CVAY
616756°0 9600L6°T 8¢0°0 LTLVST 0 ¢€9860°0 TTTLLEO 7699197 L¢9LEL°0 £6C8°6 SINd LNV
¢0T6S0°T L06¢S¢9 6€0°0 TEVE9€°0 6202170 6100LE°0 98TT6V 1T £969.8°C 9C1¢°SE ZNNV Ssnv
C88LIR0 8GLCVT0 8¢0°0 ¥8G6.LC°0 £90670°0 ¢a8L0€°0 6G9G64C°0 9€4940°0 9609°C SVO N4V
00T1e8°0 1920166 ¢e00 Gv61¢E 0 ¢L9980°0 0¢9¢ce 0 6L960L°L 167€0¢C'¢C 98LT V¥ IN-INV'T oav
£¢866.L°0 TTO8IC'€ av0°0 8006€¢°0 9TGGTIT 0 91€9¢€°0 £V€9Ge0°0T 0826641 T9L¥°G1 H-VHIN qHaV
6LL09L°0 ¥994¢v°0 8¢0°0 29291¢°0 9€.L2¥0°0 L6262E°0 1826670 0¢8c¢L0°0 L160°¢ NHA d1Tv
LC8G6C T GGR¢99°0 £€€0°0 L6986¢°0 2,20€0°0 T¢IVLE0 GLEVO6' Y 6750670 10¢1°¢ce N-VSS (01927

b 1 £9 sys0p | a@sn um/eopin u fy fo asnuy w QS W up suopiu u uorSey  €OSI

soSeure(] 9jeuII) JueweYeqy | A}ISUOUl U0GIR)) d4L axeys reyde) renden dan uoryendog

suorjoung siojowIeIeJ SjuLWLMOPUY] A1yunon

siojowrered pue sjusIMOpPUD dYdads-A1puno) :1°1 9[qel,

a[qe)} Arewwuns uorjeiqipes :uorjesijdde sarnjejnuenty [

34



a8ed 9xou U0 penuIuo))

66cVP0°T | SIETVI'T 8¢0°0 L6691¢°0 167660°0 88697€°0 8GVC6T'V 6,0898°0 Tesvel H-¢c1Nd HZD
€0€2L06°0 | 9812cT0 Sv0°0 02929T1°0 70925070 88697€°0 CLO8LED 9€e7<0°0 E8LV'T H-¢c1Nd dAD
9786€8°0 | €6VCIET ze00 €LCTVT0 2988L0°0 029220 G968€9°0 €7418C°0 0€L6°¢ IN-INV'T I10)
9998180 | 000€2¢0°0 €600 TTG8ST0 6L€L20°0 LET69T°0 LGTL80°0 04T800°0 9v.Ly°0 T-VSS AdD
PIEISET | 18680070 €€0°0 78968T°0 9¢8€ET0°0 LET69T°0 GLL8S00 08€900°0 74€6°0 T-VSS WNOD
8LTEL60 | 60929CT ce00 69€2TC°0 §6,990°0 029¢ce 0 8€9600°¢G GETIELT T76€°9S IN-INV'T TOD
709L0T'T | 9996820 €600 c987V.LED 20L6€0°0 LET69C°0 7E€9€79°0 VELTVTO €29¢'9 T-VSS V0D
8VEILY'T | 8GVILR0 €€0°0 GT6TST 0 TES8TO0 LET69C°0 L0STET'T T€€6€9°0 08T¥"80T T-VSS aoon
89¢0LC'T | ©86CVE0 €€0°0 88CELT0 G61820°0 LET69C°0 EVCLET'T 99TLEE0 T€LO'LE T-VSS HIND
TOE9ET'T | €VOTS9°0 €€0°0 89€LTC0 90¥8€0°0 1€169¢°0 CLETIT'T ¢688TV°0 L166°€¢ T-VSS AID
C6VI8G'0 | T99PGL 0¢E 670°0 G9¢€9¢€°0 1867010 78€6.L€°0 VLLI6GEET | €967G6'CL | LL6E0TET NHD NHD
8607LL0 | TSOVI®'9 ¢e0'0 ¢e8ST1C0 94€9.0°0 029220 SOV8ELY 784.L¥6°0 ¥¢ce 61 IN-INV'T THD
P8IL96°0 | LIOTVL'E 8¢0°0 €€9080°0 €LG€0T°0 896VTV°0 68¢801°¢ GS0€ELLO 9109°6 VILdAd HHD
9€¢8¢0'T | G86EVSIT 6€0°0 18¢16€°0 76¢901°0 ¢5e05€°0 80T€6S°9T GL69T9°€ 792987 NVD NVD
9€9T9V'T | GPLEE00 €€0°0 GCILTO0'T ¢LIVI00 LET69C°0 VISTPT'0 ¢69€€0°0 L6009 T-VSS VD
LLTVL80 | TVPPEE0 €600 00L66T°0 L€9690°0 1¢17.LE°0 875999°0 0T€90T°0 9487°¢C IN-VSS vmdg
109216°0 | T87FSS°0 L50°0 984TLT0 L26201°0 1¢SL0V°0 €089ET0 G€T0S0°0 6¥70°'T N-SVO NId
29928L°0 | 9917700 L50°0 €669€T°0 Gge60T°0 1¢SL0V°0 0gTV7¥ 0 092€50°0 L8TG°0 N-SVO Nyud
879908°0 | 670¥¢9°9¢ ce00 9L28€T°0 T¢7690°0 ¢96495€°0 9TIEST 6C 086.¢V°L TT98°€TC vyad vdad
T6990T°T | TLL669°0 ce0o GT8E8S0 T6€T90°0 029¢ce 0 9TTC67°0 677.LSC°0 796€°TT IN-INV'T 104

fep 1 £S5 wsys0p | asn ua/20p¥o ur % fo SN O} Ul (SN UL} ut suoy[ru uy uoiSey  €0SI

sogeuwre(] 9yeWI)) JuewRRqy | AJISULIUT U0 IR)) JdAT, areys Teyden) renden dao uoryeindog

suorjoung s1ojowRIeJ SPUSUWIMOPUT A1yuno)H

o8ed snorasad woay penuryuod — 17 O[qRT,

35



a8ed 9xou U0 penuIuo))

06¥cveT | ©¢8092¢0°0 €€0°0 L¥98¢<°0 9189¢0°0 LET69C°0 9v¥8¢0°0 LTVLT0°0 €100°2 T-VSS dND
G999TC'T | €72E80°0 €600 09T20€°0 CST10€0°0 LET69T°0 679750°0 G92L50°0 €997°¢C T-VSS dND
€9VLEOT | LT0GS9°0 €600 1206.5°0 GE4740°0 LET69T°0 07.L89¢°0 9106220 POVLTT T-VSS NIO
68860¢°T | 15906670 €600 01020 0 89€920°0 LET69T°0 V789T6°T €95077°0 056L7€ T-VSS VHD
¢06L6L°0 | 8077020 8€0°0 6LVLTE0 076970°0 ¢G8L0E°0 ¢1g89L°0 €24860°0 €eLeE SVDO odD
898600°T | L0V0L9°TC 8¢0°0 G8EEVT0 68GL0T°0 TTTLLEQ 999€99°7¢C 8794¢4"¢ T120°8L SINH adgn
L220€6°0 | VOTLLTO €600 16€88¢°0 6,6290°0 T¢IV.LE0 60€657°0 G7€8L0°0 VCL6'T N-VSS avo
CIOVLED'T | T9E68T6 8¢0°0 8LIVET'0 077.L80°0 TTTLLEO T08CL8'8C LGTL98'F ¥8L¥°08 qINH vdd
¥L6576°0 | 8LVIV00 150°0 7E89LT0 18€5€0°0 ¢1009€°0 698TL0°0 G06TT0°0 6708°0 T-SVO Ird
VE€C8IO'T | 6TESYTO 8¢0°0 €00TSC°0 G18¢0T°0 TTTLLEO €49950°¢ 7969€7°0 €697°9 ic NIA
LTLSSET | TTISST'T €€0°0 ¢4r999°0 G¢L120°0 1€169¢°0 06¢2S6°¢C 8L¥0T0°T 1290°TcT T-VSS HLH
€6¢L66°0 | 9009900 8€0°0 090TT9°0 8LLV80°0 88697€°0 6TEL8E0 650920°0 LyLET H-¢1Nd LSH
G9¥0L6°0 | SOTTOL'C 8¢0°0 1¢€Y91°0 9G¥7.L0°0 TTTLLEO G1ES86'8T 69616L°C 68L9°GS STNH dsd
18¢086°0 | Gg9ST10°L €€0°0 176S61°0 ¢€9690°0 9¢19¢€°0 88166¢°G 76€618°C 167.L°€01 AVN ADH
9VECTT'T | €V6S96L°0 ¢€0'0 69159¢°0 798970°0 029220 8€GV49°C 9166770 66L0°LT IN-INV'T npA
120996°0 | €L990T°T €600 769LLV0 LT9T¥0°0 9¢192€°0 TE0VET L 0€eSTO'T L890°€V AVN Vzd
7606.8°0 | 1999290 ze00 16€€02°0 9€4€90°0 029220 70T89L'T €0LEEE0 TLGT'TT IN-INVT | INOd
670660°T | ¥8LLLTO 8¢0°0 VE8EVT'0 787160°0 TTTLLEQ ¢L009S°C 2999¢7°0 €718°9 9TN| MNA
L69¥60°'T | GEVIOO0 €€0°0 99468€°0 T8€650°0 LET692°0 19804070 8024100 9GLT'T T-VSS Ira
6L8€76°0 | €0796TT 8¢0°0 69906T°0 ¢48860°0 TTTLLEO 668095°€€ 26.190°9 0CeE™L8 nic naa

e 1 £9 s180p | @sn un/zopin fy fo dsn o} ur QS un ur  suorur uf uorSey  £0OSI

sogeuwre(] 9yeWI)) JuewRRqy | AJISULIUT U0 IR)) JdAT, areys Teyden) renden dao uoryeindog

suorjoung s1ojowRIeJ SPUSUWIMOPUT A1yuno)H

o8ed snorasad woay penuryuod — 17 O[qRT,

36




a8ed 9xou U0 penuIuo))

G6¢0ce'T | ©L80SE0 €€0°0 16009€°0 L6¢1¢0°0 LET69C°0 €€6847'C 092€9¢°0 ¥296°64 T-VSS NH
L8920L°0 | LE9LLG6 8€0°0 94€VLS0 6¢6760°0 Gg8L0E0 LLL296°C 906800°T 162e 8T SVDO AR
169G78°0 | L20296 TV 6€0°0 98€€60°0 806¢¢T°0 7L08L¥°0 LES6YL EE CLB6TVT'S 6E6V'7CT Ndr Ndr
TLTV9T'T | L86999°0 gv0°0 LYV11T 0 16.950°0 8C968¢€°0 G18996°0 1779420 164901 IN-VHIN qor
T88008°0 | LTLEETO ce00 60767¢ 0 6,LG€0°0 029¢ce0 9LELVE O €T2970°0 6€47°C IN-INV'T NV
c06826°0 | 6LTIET'TT 8¢0°0 crI0vT 0 LESTL00 TTTLLEQ 900L9¢°0€ 7€098¢°€ 167899 SINH VLI
c0€LTT’T | LGLI9TLO Gv0°0 8T909¢°0 €4680T°0 9T€9EE"0 LEBEEL'T 1220880 EGTEET H-VIIN dsI
6909.L0°T | 6671100 8¢0°0 ¢GLVLT 0 ¥69611°0 8967TV°0 €0787T°0 29€9¢€0°0 70870 VILAH TSI
O0V9SET'T | 006T08°0 gv0°0 CITS9€°0 8€€G50°0 8¢468¢°0 160€€0°€ 02T€96°0 TOT8'8% N-VHIN U1
967998°0 | 769L6L°0T Gv0'0 1602820 ¥49950°0 8C968¢°0 96.L€8¢°8T 8969€9°C 6EVC 98 WN-VHIN NI
VLCIVO'T | ©9¢c19°0 8¢0°0 TLG8€C0 180160°0 TTTLLEO 177666 €60077°0 €88¢'9 Snic TdI
670896°0 | 0L6CL8L9T ¢s0°0 ¢€0T1ee0 6.8¢70°0 ¥7¢80€°0 LIOEYS'GET | CLLIOV'IE | 6E0T9LY'T NI aNI
1¢8968°0 | TcEI6S LE L50°0 GE69LT0 1€2¢0%0°0 8TLV9€°0 4868799 80T956°L 186¢'89¢ NdI NdI
8GLTGO'T | 9686750 8¢0°0 0LLLTT0 GLv.L90°0 88697€°0 LE¥08S'C 169€¢7°0 6970°0T H-cINd | NAH
908¥4C’T | 9189210 ¢€0'0 9169870 1699200 760L2€°0 6VLTLEO L69L60°0 1016°0T TINV'T ILH
0T8VEL0 | €6€625°0 8€0°0 9¢TIT11C0 €TELS0°0 L6262€°0 06660€°T €6099T°0 68¢C7 nad A¥IH
€9ESTT'T | 0SVIT1C0 ze00 16.€8€°0 LT.8€0°0 760L2€°0 091295°0 €0897T°0 02126 TNV aNH
9G2290°T | 96€L98°0 ce00 Ge0vee 0 ¢88770°0 760L2€°0 L0LVL0°T LT8G€E0 7€9¢€"8T TNV LD
89¥¥L6°0 | V6ELLEC 8¢0°0 0€6702°0 00508070 TTTLLEQ 9678TTV ¥77099°0 0LET'CT SINd ORI
€89.88°0 | 099¢v0°0 €€0°0 TOSV.LT0 €T0L60°0 T¢IV.LE0 8€0STV0 GEGLLOO IIT'T N-VSS OND

e 1 £9 s180p | @sn un/zopin fy fo dsn o} ur QS un ur  suorur uf uorSey  £0OSI

sogeuwre(] 9yeWI)) JuewRRqy | AJISULIUT U0 IR)) JdAT, areys Teyden) renden dao uoryeindog

suorjoung s1ojowRIeJ SPUSUWIMOPUT A1yuno)H

o8ed snorasad woay penuryuod — 17 O[qRT,

37



a8ed 9xou U0 penuIuo))

¥Pc0SL0 | 6010€2°0 8€0°0 89L68¢°0 7L6150°0 162620 9€Lc0T°0 1€0610°0 7¢L9°0 nad ANIN
€09768°0 | 9996190 L90°0 8€L69C°0 6TL0€0°0 ¢1009€°0 9€ETLOC LELTLY°0 ¥106'9% T-SVO NN
096Ccy'T | S00L02°0 €600 9292990 L86610°0 LET69T°0 6LL6T€°0 ¢98gIT’0 igdingd T-VSS I'TIN
7992180 | 99G9L€9°0 8€0°0 26290¢€°0 906990°0 L6262€°0 TOOTOE0 67¢6,0°0 V192°C Nlcicl MIN
096LL8°0 | 8BLLEETVT ce00 TI877¢ 0 T1v¢L0°0 ¢0%09€°0 099TVETC €0€6687 T€V.L 92T XHIN XHIN
CI8TCV'T | 8VEE6T0 €600 GLOEST0 C99.10°0 LET692°0 CLEEITO €8068T°0 LT6T°CE T-VSS VAN
C68ET9°0 | 8TOEEE0 8€0°0 90€6L€°0 GLETv0°0 08€26¢°0 9657520 ¢L0670°0 1vev'e NSA-NHH | VAN
Tve106°0 | L6.¥C9°C €€0°0 78EL6T0 08T1870°0 9¢192€°0 06EVSTV 8T6LE]°0 78¥8°¢cE AVN UVIN
9099640 | <9810 8€0°0 769LET°0 G96790°0 Lv06T€°0 €8LL08°0 897960°0 6€96°'T IN-¢TNH VAT
€CT6T6°0 | ©L0OE900 8¢0°0 €VL89T°0 88TVVT°0 TTTLLEO L18¢¥¥°0 048760°0 77e8°0 ic XNT
¥90689°0 | TT00GEO 8€0°0 8LG¢9¢°0 L¥8910°0 L¥061€°0 €¢6799°0 L269€1°0 9048°¢ N-¢1Nd NI
GETI8C'T | LI9EERDO €€0°0 6668€¢°0 0181200 LET69C°0 €TELCT0 0€¥¥¢0°0 0¢eV'e T-VSS 051
PPGc98°0 | L8EISE'T L50°0 GTTT80°0 8€¥9L0°0 1¢SL0V°0 68GLE8'T G881¢9°0 0€69'1¢ N-SVO VT
GLGGIV'T | €196L0°0 €€0°0 8€456¢°0 8680¢0°0 LET69C°0 89LETT'O 16L6G0°0 L9€¢°8 T-VSS ad1
8G6¢08°0 | GOTVSY'T gv0°0 6TEL6T0 0L2¥90°0 8C468¢°0 6,0€9G°T 9€996T1°0 VoY IN-VHIN NdT
¢4€990°T | 8029010 L50°0 ¢16697°0 19€.€0°0 0T9T62°0 781€89°0 L928€T°0 660¢°L VdD-SVO | OV
G6€89L°0 | ¥8EVIET gv0°0 1944620 6€999T°0 9T€9€EE°0 18€94T°C 6€L809°0 09967 H-VAIN | IMM
1899280 | ¥0€€0G ST 6€0°0 7€699T°0 6696€T°0 80T6EV°0 062206°9T €LT0EET €903 TS q03 q031
TG99¢0°T | STTO80°0 L50°0 996€8€°0 ¢g9LE0°0 0T9T62°0 €0€TSL0 GTE9ET0 16¢0°GT VdD-SVO | INHM
VP1926°0 | ¢c6807°0 8€0°0 CLTSTLO 986¢£0°0 GG8L0E0 1079220 068290°0 1¢146°¢ SVDO 7O

e 1 £9 s180p | @sn un/zopin fy fo dsn o} ur QS un ur  suorur uf uorSey  £0OSI

sogeuwre(] 9yeWI)) JuewRRqy | AJISULIUT U0 IR)) JdAT, areys Teyden) renden dao uoryeindog

suorjoung s1ojowRIeJ SPUSUWIMOPUT A1yuno)H

o8ed snorasad woay penuryuod — 17 O[qRT,

38




a8ed 9xou U0 penuIuo))

169906°0 | 80V.L08'C 8¢0°0 T7L0LEO 89¢860°0 88697€°0 ¥0999¢°¢G ce0r96°1 9LLT°6€ H-¢c1Nd T10d
8TELLOT | €60€ST L L90°0 G89TST°0 L99770°0 ¢1009€°0 6269269 0TO¥10°C gvce el T-SVO THd
6L9T€E8°0 | €€96L0°¢ ze00 6L969T°0 719480°0 029220 GEERTE'E 77989T'T 0LL5°6C IN-INV'T qHad
8CCCI®0 | L99€T8°0 ce00 0292810 050980°0 029¢ce°0 80GL6T°T 17€49492°0 056€7 IN-INV'T NVd
GLTL8T'T | 846V8EL L50°0 8€0TET0 9v.Lg€e0°0 9L668¢°0 8GE068T 076887°¢C €€88°L2C Mvd Mvd
6€0298°0 | SV61CI'T gv0°0 €6979€°0 896.80°0 9T€9EE"0 Ly0TSL'T €29L9¢2°0 6898°¢ H-VAIN | NINO
IVLEET'T | 907480 6€0°0 T0TVET0 87€960°0 6T00LE°0 TGT6.LCT 76L0€E°0 6T€6°S ZNNV TZN
8V8TIC’T | 18169CT 150°0 TOS8TE0 €0€L80°0 ¢1009€°0 164898°0 GEBTET0 187.L°6€ T-SVO TdN
PI0LSO'T | LL9ETEO 8¢0°0 9vIvLT O TVITETO 8967TV°0 8TL8CTL'C €T6TEI0 6770 VILAH HON
181686°0 | C¥69€9°0 8¢0°0 0204020 68070T°0 TTTLLEO TLOLT9'L CVLBEV'T 0V87°6T ic a’IN
6EVI86°0 | ¥¥2eSc0'0 ¢e0’0 VavLvy 0 9865€0°0 ¥60L2€°0 0080¢€°0 1.G080°0 LTLLS TINV'T OIN
¥88¢0V'T | €9€0¢6'C €€0°0 9TLLET O 8068¢0°0 LET69C°0 6956.G° 7T 0LvieLe 9€T1°¢9¢ T-VSS VON
CLEIT8'T | 8680200 €€0°0 ¥¥ccs0'T L09€10°0 LET69¢°0 G¢6c69°0 0€L88T°0 1709°6¢ T-VSS HHUN
8€E6E6°0 | T6SEVED €€0°0 $6899¢°0 878¢50°0 1¢TIVLE0 1€4982°0 695990°0 19€6°¢C IN-VSS INVN
06L6.8°0 | 61990¢7 L50°0 099€8T°0 8LGL80°0 1¢SL0V°0 666€86°L E€GTT6L'T 7686°9¢ N-SVO SAIN
078L99°T | 86LCST0 €600 9€69¢€°0 ¢48Lt0°0 LET69T°0 S790T1T°0 94GvLT 0 EVEY'9C T-VSS IMIN
0629080 | 9871700 €600 660€CT°0 77¢180°0 1¢17.LE0 VET8TE0 026,90°0 €86¢°T N-VSS SN
6979LT°T | 08L960°0 €600 9L8LS7°0 G€EV0T0°0 LET69T°0 L9gV¥y°0 884740°0 0€c6'7 T-VSS TUIN
00T99¥'T | 8LVT¥EC 0 €€0°0 0TEV6S 0 7E€VST0°0 LET692°0 74262570 74848¢°0 IveET €€ T-VSS ZON
LTcy¥80 | 6991050 L50°0 6802L6°0 988€90°0 0T9T62°0 G7€229°0 8TTEETO 689¢°¢ VdD-SVO | DN

fep 1 £S5 wsys0p | asn ua/20p¥o ur % fo SN O} Ul (SN UL} ut suoy[ru uy uoiSey  €0SI

sogeuwre(] 9yeWI)) JuewRRqy | AJISULIUT U0 IR)) JdAT, areys Teyden) renden dao uoryeindog

suorjoung s1ojowRIeJ SPUSUWIMOPUT A1yuno)H

o8ed snorasad woay penuryuod — 17 O[qRT,

39



a8ed 9xou U0 penuIuo))

T092T6°0 | ST9C6S¥ 1500 66L09T°0 VPeLLOO 1¢SL0V°0 a0ce6v el 06T6¥8°C 6608°€L N-SVO VHL
909¢¢y'T | 1€2¢6L0°0 €600 ¢voT6¥7°0 8G9LT10°0 LET69T°0 98691¢°0 980890°0 9087'8 T-VSS ODL
7600S¥°T | L99G20°0 €600 G7c00T'T §44720°0 LET69T°0 T0TV12°0 L006€T°0 €LT0°8T T-VSS anrt
6L0780°T | 9969880 gv0°0 02000570 98T1480°0 8C968¢€°0 G81T60°T 90L269°0 €806°9¢ IN-VHIN HAS
8LTSOT'T | CVEL6S0 8¢0°0 LLESTT O VLVL0T°0 TTTLLEQ cLTvOv'Y 1€.2€6°0 L069°¢CT STNH HMS
T98600°T | L92TcE 0 8€0°0 87089¢°0 €4€6.L0°0 88697€°0 €T8TL80 66CVET0 949€°C H-CcINd NAS
8LL668°0 | 81000 8¢0°0 VT0L¥C°0 7€8€60°0 88697€°0 9003CLET VL6TVE O 29109 H-CINd MAS
€CTPE6°0 | 0L78S0°0 ce00 880€TC'0 98L670°0 029220 LGGSYT°0 6788T0°0 79L6°0 IN-INV'T ans
G86ELL0 | 9L6G9G99°0 8€0°0 Geres90 Ly¥070°0 16¢6¢€°0 TL60G€ET 17L.L02°0 999L°6 NcicH qg4as
68€¥CL0 | ©LLOCVO ¢e00 €¢L89T°0 29L€¥0°0 029¢¢e0 LSV9¥¥°0 ¢9010T°0 16¢¢°¢S IN-INV'T NIS
Yeyyey't | 1vL60T°0 €€0°0 87085€°0 8847¢0°0 1€169¢°0 08TLL0°0 616¢90°0 €596'8 T-VSS HIS
€9T9CE'T | C66GET0 €€0°0 616560 0€¥€20°0 LET69C°0 9¢69€L°0 VL69LT°0 6850°LT T-VSS NHS
GLLETET | 8S1664°0 €€0°0 609¢9¢€°0 L291€0°0 LET69¢°0 PRISHY'T 66769.°0 0LEV'99 T-VSS Nds
¢c06T8°0 | 9971898 G70'0 99957¢°0 §966L0°0 9T€9€E°0 606€T8°GT 1667€9°C LV8¢ GV H-VIIN nvs
08LTGET | ©8L9GC0 €€0°0 L66€61°0 1209200 LET69C°0 9L03€2°0 8V6¢¥1°0 VL6L9T T-VSS VMY
98TTGL0 | LOTTLG GV 9€0°0 60L96€°0 6¢0980°0 16¢20€°0 GELTET GE 92T19¢6°L 1122 0v1 SNy SNy
TGT8LL°0 | €TC08V'E 8€0°0 €69TVC°0 2480L0°0 LV06T€°0 16€991°€ 8€894.L°0 0G86°8T W-eInd | Nod
9€8089°0 | T¢8C08'C gv0°0 CL69TE0 VET80T°0 9T€9EE°0 G718¢9°€ 698092°0 Te€87°€ H-VIIN IVO
60TOET'T | ¢CVE8er 0 ce00 G6LE8E°0 CE6TS00 029220 814849°0 0T¥g6T°0 1120°8 IN-INV'T Add
987.Lc0°T | ¥886CET 8¢0°0 07¢89T°0 crrv90°0 TTTLLEO GLVLLOY 0TPESS 0 7860°CT nic Iad

fep 1 £S5 wsys0p | asn ua/20p¥o ur % fo SN O} Ul (SN UL} ut suoy[ru uy uoiSey  €0SI

sogeuwre(] 9yeWI)) JuewRRqy | AJISULIUT U0 IR)) JdAT, areys Teyden) renden dao uoryeindog

suorjoung s1ojowRIeJ SPUSUWIMOPUT A1yuno)H

o8ed snorasad woay penuryuod — 17 O[qRT,

40




‘sI01[JNe O} AQ PoYRIouS oIk sonfeA I90 [k {(L10g) T %o yoequue] wol oryel yndino-rejrded A\ J wolj [eyided Jo ¥00)s
(G RANY-CJSS woy J(5 pur uonemndoJ :$00In0§ ‘(0G0Z-0%07 Ported oY) I0] senpea oa8eiose juasordor Ayrsuojur uoqred pue ‘ejyded ‘qqo ‘uonyemndod

TET6EE'T | ¥CTGL00 €600 79L6TS°0 €4T600°0 LET69T°0 €L99T1€°0 60LL£0°0 00¢C'TT T-VSS HMZ
€686LE°T | €7€4999°0 €€0°0 vervee o G86T1¢0°0 LET69T°0 0STE8ET CTGLETO LG18°0¢ T-VSS dNZ
T6€S78°0 | 9€L.5990°C €600 9€9T8€°0 ¢L6690°0 6TS0SE°0 EVVILY L 8€ETR0C T€L6°09 dvVZ AVZ
8VESLT'T | 8908120 Gv0°0 1869110 G6T920°0 8C468€°0 GG9697°'T 0T970€°0 €L96'8€ WN-VIN | INHA
6ELTL60 | 68CVLYE 150°0 G8009€°0 128070°0 0T9T62°0 G66ELT L GTGG88T TTEL L6 VdD-SVO | NNA
Lc¥c06°0 | €E668ET ¢e00 9898€¢°0 66TEET0 029¢ce0 TI7.L67°0 €9690¢°T 0796°G€ IN-INV'T NHA
677060 |  069090°€ 8€0°0 7699¢L°0 G109€0°0 ¢e8L0E°0 188700°€¢ 8L¢8¢S°0 6030368 SVO dz0n
$€49096°0 | 6CILEG L8 6¢0°0 119€62°0 6065V1°0 GGTTSE0 G9¥89T'9TT | T18920'8E L199°L0¥ ven vsn
00TTZ80 | 4650000 ¢e0'0 06£99¢€°0 60T920°0 029220 9508¢L°0 0TO0ST 0 vrore IN-INV'T AdN
6€T988°0 | 0cS%eT'9 8€0°0 70696€°0 ¢10170°0 08€¢6¢°0 04T0TS ST VC198¢'T 0098°0% NSA-NHH | YN
¢8CIVS'T | ©L0S29°0 €€0°0 ¢0002€°0 6659¢0°0 LET69C°0 L960€8°0 07LgeS 0 1799°6S T-VSS von
T6E€TLE'T | 889EGL'0 €€0°0 av180€°0 1075¢0°0 LE1692°0 FI8808'T 69LT0L°0 V4Ly 0L T-VSS VZL
79€6T6°0 | 9€996L°0T 8¢0°0 11802¢€°0 §60290°0 G9L96¢°0 86LT€8°CT 8€LGEI'E 6L08'78 qnL qnL
8€897L°0 | ¥.L0661°0 €600 79€99T°0 629€80°0 9¢192€°0 G6€2c0'T 6802970 TLES'TT AVN NAL
116999°0 | 920€TT0 ce00 8LV129°0 0SLV1T°0 0292ce0 9LV8LT0 716920°0 1€9C'T IN-INV'T OLL
6896€L°0 | 69892C'T 8€0°0 VLETLTT §94990°0 ¢G8L0E°0 LTLLTS'T 99€69¢°0 06T9°¢ SVDO IN3LL
7609060 | €€TLGE0 8€0°0 6L€9T9°0 719L20°0 GG8L0E0 0852c6°0 G89L60°0 17679 SVDO MIL

e 1 £9 s180p | @sn un/zopin fy fo dsn o} ur QS un ur  suorur uf uorSey  £0OSI

sogeuwre(] 9yeWI)) JuewRRqy | AJISULIUT U0 IR)) JdAT, areys Teyden) renden dao uoryeindog

suorjoung s1ojowRIeJ SPUSUWIMOPUT A1yuno)H

o8ed snorasad woay penuryuod — 17 O[qRT,

41




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 (¢/1;e%2i4T) 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.
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I1.2 Present value of climate damages for constant annual emissions: H;(F)
The function H; : [Emin, Emaz) — Ry maps annual global emissions E to the present value of climate

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

n N
Hy(B) = " 9Dy (BG™ +1B) + 3 o' D(HGe™ +nE), (IL.1)
t=1 t=n-+1

where D;(E™) = ¢1j6$2-f E™™ are country j’s annual climate damages from cumulative emissions (13), n

is the number of years until a climate-neutral world, and QZQJ‘ = 12,¢10-3.
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We can manipulate (II.1) to obtain expression (15) in the main text as follows:

n N
Hj(E) =) p'Dy(EGE™ +tE) + Y p'D;(EG™ +nE) =
t=1 t=n-+1

9 S eum [T t N S N
Z plap e B (ewsz)) i Z Py B (eij)) _
t=1

t=n+1
o cum n o t n+1 - N+1 o cum iy n
Qje¥2i Bod Z (pewsz)> + %¢1jewzy’ffoo (6¢2JE>> =

t=1

R n R  Nent1 N (11.2)
dryeP B (3 ( pe’lszE)>t Lz (pewzjm)" -
t=1 I=p

—~ -~ n+1
R Yo E) _ ( wsz>) Nent1 R n
yeP2i o™ Pe Pf +2=F . (pew2J E)> =
J 1 — ped2i) 1—p
0,(E) — (0,(E)"""  p—pNnt
= J 0;(E)"
0]( I*QJ(E) + lfp (J( )) ’

where fo; = ¢1;e?5 B8 and 6;(E) = pe?sP.

Using the fact that 0}(E) = QZQJHJ- (E), we obtain expression (16) in the text for the first derivative of Hj:

(07 — (n+1)070;) (1= 0;) (0,077) 05 p—pN—rtt
(IL.3)
(0, —(n+ 1O p2(1— 97 _  N—n+l
Oojtha; | — ( ) i 5 e ndy |,
1-67) (10, 1—p

where, for the sake of clarity, we have written 0; = 0;(E) and 0; = 0}(E).

IIT 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, ...,as) € A7~!. 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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II1.1 Economic equilibrium

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

following program:
Kmax Gj (KJ) — ’r’K] —Cce; — Oj (,LL7) Gj (KJ)
PR ALY

s.t. G](K]) = KjK;-Mj

ej = (1—p;)n; Gy (K;) (IIL.1)
Cj (1) = Gy
py <1
The FOC for an interior solution yield
Bj o;—1
(0K;) : (1 —c(l = pg)m; — Gy ) i K0T = (I11.2a)
—1
(Opj) e my = GBjwy” - (IIL.2b)
It follows from (III.2a) that
1—c(1— pj)nj — G’ =
K]' = J RjQ . (1113)
r

From (III.2b) and p; <1 for all j we obtain

— i i >ﬁrl -
i = min c 15, g=1,...,J 111.4
o {( GiBi } ()

Substituting (IT1.3) in the capital market clearing condition (3, K; = 3=, K; = K) yields

3 L —c(1 = pj)n; — Gy’ -
< ( Hi) M C]lu] Rja]) - K. (I1L.5)

N T
J

1—c(1—py)n — G I
Z(lw)ﬁjﬁj< L=y = Gty "v’j%‘) =E, (I1L.6)

- T
J

where we have used e; = (1 — p;)n;G;(K;) and (I11.3).

Finally, we obtain é(E), #(E), and f;(E) for j =1...,J (J + 2 unknowns) as the solution to the system of
equations (IIT.4) and the market clearing conditions (IIL.5) and (IIL.6) (J + 2 equations).

44



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 II1.2 displays the fitted carbon revenue function CR(E) =
¢(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 > ja =1L

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 — 0.0109408 52 + 0.0000568606 E3 (orange). Right panel: residuals from the poly-
nomial fit.
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II1.2 Unanimity agreement

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

p— pn+1

Vi(B) = "——a;CR(E) — H;(E). (II1.7)

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

Hi(EY)
a4 = (I11.8)
55, -CR(E)
where E7 is the optimal global emission level for country j. In a unanimous agreement, £7 = E* — k for all

J, k, which, combined with the carbon revenue balance condition ) ja; =1, implies

o — pn+1
> Hj(E)=""——CR(E), (111.9)
- —p
J

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 II1.2).

The international unanimous agreement on global emissions E* is obtained as the unique solution to (II1.9)

(which is condition (18) in the main text).

45



II1.3 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, ¢* = é(£*), r* = #(E"), and pj = i(£™). Other values
are obtained as follows: the stocks of capital follow from the first-order condition for profit maximization of

the firm (II1.3)

J r*

1
1—c* (1= pt)n; — Gut)s T
Kf=( (L= p)m; — G (15) Hjaj> j=1,...,J;

the annual country emissions are
ej = (L—pj)mir;(K7)™  j=1,....J;
and, finally, the shares of total revenue follow from the governments’ first-order condition (IIL.8)
1—p Hj(E")

L R A S i=1.....J:. II1.10
a; p— p"+1 CR(EY) J ARARAS ( )

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  GDP,. Revenue Revenue Redistribution Revenue Damages
received raised share
y;/pop;  ajc Efy;  cejfy; (ajcE —cej)/y;  a; x 100 H;(E)/y;
1SO3 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 GDPy. 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 0.71 291 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 GDPy. 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 GDPy. 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 12,327 491 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 2.02 247 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 GDPy. 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

50




Table IV.1 — continued from previous page

Country GDPy. 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
U’ZB 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):
n+1

Vy(B) = L

T eB (). (V.11)

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

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

—__HI(E). (V.12)
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Summing over j and using °; a; = 1 we obtain expression (34) in the text:

— (V.13)

SayE) ="

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), (II1.4)-(II1.6) for the price of capital r, the price of carbon emissions ¢, the total
level of emissions F, and the abatement rates u;,j = 1,...,.J. Other values can be obtained as described in

Section III.3.
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