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Abstract

How do political and financial frictions shape environmental policy? We
build a general equilibrium asset pricing model where investors with heteroge-
neous preferences for carbon reduction (“green” or “brown”) negotiate over a
carbon tax, while internalizing their impact of the real economy. This leads
to a “Political-Climate CAPM”, in which green investment is determined by
mean-variance tradeoffs, emission hedging, and political risk hedging. Political
frictions lead to inefficiently low carbon taxes, with more political polarization
leading to more conservative investments and higher household risk aversion
leader carbon taxes. A green fund helps, but does not completely resolve the

problems unless it can unbundle capital allocation and risk sharing.
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1 Introduction

Many researchers have argued that we can resolve global warming by taxing car-
bon emissions and letting the market respond to the resulting financial incentive to
use “green” technologies. The reality is more complicated. Political frictions make
environmental policies difficult to implement, financial frictions distort reactions to
policies, and international capital markets allow investors to evade taxation policy.
For all these reasons, economists need to study how politics and finance interact
to determine environmental policy. What is the largest carbon tax that is feasible
within our political system? How do political frictions and risks show up in asset
pricing? Is there a role for financial policy or green investment funds to help ad-
dress climate change? In this paper, we build a general equilibrium model with
environmental, financial, and political frictions to address these questions.

Our economy is populated by two types of investors: “green” investors who care
more about carbon emissions and “brown” investors who care less. The investors
can purchase equity in two different sectors: a “green” sector with low pollution and
returns, and a “brown” production sector with high pollution and returns. When
choosing portfolios, investors face risk to productivity, emissions, and carbon taxes.
All markets are competitive, so investor portfolio decisions determine equilibrium
production and carbon emissions in the economy. This means that green investment
is determined by the investors’ standard mean-variance trade-off and their desire to
hedge both emissions risk and political risk. For this reason, we call our model a
“Political-Climate CAPM”".

The carbon tax is set endogeneously through a risky political process. The cli-
mate externality in our economy is that no investors internalize the impact of their
individual financial decisions on carbon emissions when they choose portfolios. In-
stead, before financial decisions are made, the different types of investors collectively
negotiate to set a target carbon tax on emissions. Throughout the process, each in-
vestor group internalizes the impact of carbon taxes on both general equilibrium
output and carbon emissions. To capture the risk involved in the political process,
we impose that the realized carbon tax is the negotiated target rate plus a shock
with volatility that is larger when green and brown agents have more heterogeneous
ideal tax rates. The government carbon tax rule closes our Political-Climate CAPM
so that general equilibrium green investment comes from the feedback between pri-
vate sector responses to carbon taxes and political policy response to private sector

portfolio choices.



We characterize how the equilibrium tax rate and policy uncertainty depend on
economic environment in the political-market equilibrium, which then determines
the market outcomes in investment and emissions. We show that the outcome of the
political bargaining problem is not generically efficient. This is due to two frictions.
First, as is standard in public finance models, the carbon tax distorts the labor
market, leading to inefficiently low production. Second, political bargaining is in-
complete in the sense that the different groups can only agree upon a carbon tax rate;
they cannot commit to future portfolio choices or future lump sum transfers between
groups. Moreover, we can characterize how changes to our environment impact the
political-financial equilibrium. An increase political polarization—as measured by
an increase in preference heterogeneity between green and brown groups—Ileads to
more conservative investment. The only leads to higher green investment if green
investments have a higher bargaining weight and so green investment is lower risk.
An increase in household risk aversion reduces both the equilibrium tax and political
disagreement.

Our model generates a “political risk premium”;, whereby investors demand
higher expected returns as compensation for bearing this non-diversifiable politi-
cal risk. Whether the political risk premium appears on green or brown equity
depends on which type of investments are most exposed to political risk. In our
baseline model, the agents bargain over carbon taxes so the risk is primarily born
by brown firms and a “brown” premium emerges on brown equity. However, if the
agents instead bargained over subsidies (or negative taxes) for non-polluting pro-
duction, then the green firms primarily bear the risk and so a “green” premium
emerges on green equity.

The difficulties in the political process have led to the emergence of green-finance
or environmental, social, and governance (ESG) funds that attempt to use the finan-
cial sector to address climate change. To explore the implications of this, in Section
4, we introduce a fund that explicitly internalizes the aggregate impact of their
investment decisions on environmental outcomes. This means that green investors
act as a coordinated bloc that internalizes its effect on aggregate emissions, while
brown investors remain atomistic. We show that the fund improves the equilibrium
level of green investment because the coordinated green investors optimally tilt their
portfolios toward green assets. However, we also demonstrate that the equilibrium
remains generically Pareto inefficient because portfolio choice bundles together two

distinct functions—capital allocation and risk bearing—that a social planner would



optimally separate.

In Section 5, we discuss extensions of the model. We show that incorporating
workers into the bargaining problem creates additional barriers to carbon policy
because the welfare costs of carbon tax policies are disproportionately borne by
workers. We also discuss how the model extends to a multi-country setting with
integrated financial markets, where international capital mobility introduces a finan-
cial leakage channel that can amplify the domestic political friction and undermine
unilateral climate policy.

Literature review: Our paper brings together two strands of the literature: asset
pricing with climate concerns and the political economy of climate policy.

There is a recent and growing finance literature on asset pricing with climate
concerns (e.g., Heinkel et al. (2001); Engle et al. (2020); Bolton and Kacperczyk
(2021); Flammer (2021); Giglio et al. (2021); Pastor et al. (2021); Pedersen et al.
(2021); Goldstein et al. (2022); Pastor et al. (2022); Hsu et al. (2023); Acharya
et al. (2025); Green and Roth (2025); Hambel and Van Der Ploeg (2025)). Recent
work in finance has investigated how investor preferences and anticipated climate
policies influence asset returns. While these studies emphasize market responses to
exogenous climate risks or static policy measures, we introduce endogenous political
bargaining over carbon taxes within a general equilibrium framework. Specifically,
our model incorporates investors’ heterogeneous preferences explicitly into policy
formation rather than into a “warm glow” utility from holding green asset. This
provides insights into how political frictions shape policy choices, subsequent asset
allocations, and ultimately green or brown risk premia.

We also contribute to the political economy literature on climate policy, which
examines domestic and international challenges in environmental policy cooperation
(See Oates and Portney (2003); Nordhaus (2015); Battaglini and Harstad (2016,
2020); Cassidy Jr (2023)). We expand upon these works by highlighting the role of
integrated financial markets as channels for leakage and international free-riding. By
integrating a Nash bargaining framework with general equilibrium asset pricing, we
reveal how domestic political frictions combined with international capital mobility
exacerbate policy inefficiencies, underscoring the limitations of unilateral carbon
taxes and the potential need for coordinated financial market regulations.

We outline the market equilibrium in a single-country general equilibrium model
with given carbon tax policy in Section 2. We then describe the political process

that endogenizes the carbon policy and the equilibrium outcomes in Section 3, where



we also establish the generic inefficiency of the political-market equilibrium (with
a formal comparison to a social planner’s benchmark in Appendix A). In Section 4
we ask whether coordination by green investors can restore efficiency. We discuss
extensions, including labor market considerations and the international setting, in

Section 5 and conclude in Section 6.

2 Green Investments Under Climate and Political Risk

This section characterizes the competitive market equilibrium in a single-country
production economy with three sources of risk: stochastic productivity, uncertain
emission intensity, and political risk over the carbon tax. We derive a closed-form
equilibrium in which the market portfolio and asset prices are determined by an
climate pricing matriz M that encodes the interactions among risk compensation,
emission hedging, and political risk hedging. The equilibrium asset pricing equation
takes the form of a three-factor model—a Climate Policy CAPM—with market,
emission, and political risk factors.

Throughout this section, the carbon tax process is treated as exogenous so we can
focus on the general equilibrium financial market equilibrium. We endogenize the
carbon tax through political bargaining in the next section and show how political

decision making and asset pricing interact.

2.1 Environment

The economy lasts for two periods, ¢t € {0,1}, and is populated by a unit mass of
investors and a collection of workers who provide labor for production. There is one

consumption good and one pollution bad.

Agent preferences. There are two types of investors of equal mass, i € {G, B}
(“green” and “brown”). Type i is endowed with goods y; at ¢ = 0 and ranks

outcomes at ¢t = 1 according to
ui(ci; B) = —exp(—y ¢ +m E),

where ¢; is consumption, F is aggregate emissions, v > 0 is the common coefficient
of absolute risk aversion, and 7; is the marginal disutility for an agent of type i. We

impose that ng > np, so green investors get more disutility from pollution.



Labor is supplied by a collection of workers who incur a constant marginal disu-
tility w, from supplying labor to sector s.! Workers do not receive endowments or

own assets and consume their wage income for linear utility.

Production and emissions. There are two sectors, s € {g, b}, each with a represen-
tative firm. Sector s uses capital K, and labor Lg at ¢ = 0 to produces goods and

emissions at ¢ = 1 according to:

fs(Kéth) - As Kg Li_aa
hs(Ks, Ly) = Py K& L1,

where A; is productivity in sector s, Ps is emission intensity in sector s, and «a €
(0,1) is the capital share. Sector productivity and emission intensity are stochastic

variables respectively following:

As :/_ls—f-EA—l—eAs,
P :Ps+€133

where €4 ~ N(0,0%) is an aggregate productivity shock common to both sectors,
€, ~ N(0,07 ,) is a sector-specific shock, and ep, ~ N(0,0%,) is a sector specific
emissions shock. We allow within-sector covariance o4ps := Cov(ea,,ep,) to be
non-zero, potentially capturing whether high-productivity states coincide with high
emissions (i.e. “dirty booms”) if c4ps > 0. The shocks €4, (€a,,€p,), and (ea,, €p,)
are mutually independent. We impose that the brown sector produces more expected

emissions per unit of capital at the no-tax benchmark:

- (1-a)/«a - (1-a)/«
Wy Wy

Since firms choose labor optimally, output per unit of capital in sector s scales with
(Ag/ws)1=®)/; the condition adjusts emission intensity for equilibrium production
scale, and reduces to P, > Pg when sectors share the same productivity and labor

costs. Aggregate emissions are F =Y hs(Ks, L).

Capital creation. Firms in sector s can use endowment goods to produce capital

'In our baseline model, workers do not make strategic decisions or participate in political bar-
gaining because they earn zero surplus and are always indifferent at the margin. In Section 5.1, we
discuss extensions where workers have positive value functions and so play a role in the political
bargaining.



at ¢ = 0 but face an adjustment cost. In particular, producing K capital requires
Ko+ % K? goods with parameter ¢; > 0. The potential asymmetry ¢, # ¢, allows
the two sectors to differ in the ease of scaling investment—an interpretation we

discuss in Section 2.5.

Assets and financial markets. There are three financial assets: equity in each sector
and a risk-free bond in zero net supply. All assets are traded competitively. We
denote the risk-free rate by rf, the return on sector-s equity by ry = 7,/ K, (where

s is the firm dividend), and write r = (rg, 1)’

Environmental policy. The government levies a carbon tax on emissions and rebates
a fraction Ag € (0,1] of the revenue equally to all investors. The parameter g
captures frictions in the rebate process: administrative costs, political earmarking
of revenue, or redistribution to non-investor groups. When A = 1, investors receive
the full tax revenue; when Ar < 1, only a fraction is returned.

Since realized emission intensity P; is not directly verifiable by the regulator, the
tax is assessed on expected emission intensity Pj, so that firm s pays 7 Ps per unit of
output. Each investor therefore receives a rebate of A\g 7 E, where E = dos P.D,K,
is expected aggregate emissions.?

The carbon tax 7 is a random variable centered on an average rate 7* which will

later be determined through political bargaining:
T=7"+¢€, er ~ N(0,02),

with €, independent of all productivity and emission shocks. The shock €, represents

implementation uncertainty, electoral surprises, or last-minute political shifts.

Timing. At t = 0: the expected tax 7 is determined (Section 3 endogenizes this);
firms receive capital K and hire labor Lg; investors choose portfolios. At ¢ = 1:
shocks (As, Ps,€;) are realized; firms produce, pay dividends, and pay taxes; the

government rebates revenue; investors consume.

2This is consistent with carbon pricing systems such as the EU ETS, where permits are allocated
against expected emission intensities rather than realized emissions. In Appendix ?7?, we show that
an alternative tax structure—where realized emission deviations are assessed at the base rate 7~
while political noise applies to expected intensities—preserves the same equilibrium formulas while
also capturing the interaction between the tax rate and emission uncertainty.



2.2 Agent Problems

Investor problem. Given an outcome of the political process, prices, and emission

outcome, a type-i investor chooses a portfolio 8; = (6,4, 0:)" to solve:

max  E[u;(c;; E)] s.t. ci=vyilry +0(r—r)] + A7 E. (2.1)

7

Worker problem. A worker in sector s has constant marginal disutility ws of supply-
ing labor. In a competitive labor market, the equilibrium wage equals wg, so workers
are indifferent over the quantity supplied and earn zero surplus. Labor supply is

therefore perfectly elastic at wage w;.

Firm problem. Each firm in sector s takes its capital K, (determined by investors’
portfolio choices and market clearing), the wage ws, and the distribution of 7 as
given, and chooses labor L, to maximize expected payout to equity holders:

max  E[(A, — 7 P) KJ L] —w Lo — 5 K. (2.2)

2.3 Equilibrium Definition and Characterization

Definition 1 (Competitive Equilibrium). Given an expected carbon tax 7* and po-
litical risk 02, a competitive equilibrium consists of prices (r, ), portfolios (6;)c (G,B}>
capital allocations (Ky, K3), and labor choices (Lg, Lp) such that: (i) investors solve
(2.1); (ii) firms solve (2.2); (iii) workers supply labor elastically at wage ws; and (iv)

equity and bond markets clear:

Ks=y0s Vs, 275217
S
where 0 = % Jyif; di is the market portfolio and § = 3(ye + yp) is the average

endowment.

The competitive equilibrium admits a closed-form characterization. Since the
tax 7P; is linear in the normal shock ¢, and independent of the emission shock e P,
sector returns are exactly jointly normal (see Lemma 2). The detailed derivation is

in Appendix B.

Theorem 1 (Market Equilibrium). Any competitive equilibrium with positive in-

vestment in both sectors (05 > 0) is characterized as follows. Define each sector’s



effective production scale

- « D (1—a)/«a
D, i (1—a)(As —7*Ps) ’ (2.3)
Ws

which is decreasing in T* and Ps. Then:

(i) Labor, capital, and expected returns:

Ly = DY~ g K, = g0, s = Ry — % K, Ry := oAy — 7°P,) D,.

(ii) Market portfolio and risk-free rate:

0 =M (R-rf1), (2.4)
VM 'R—1

ri{i=-—————-—=" 25

DY (25)

where the climate pricing matrix is:

M =~y % + L& — gij diag(D?oaps) — YAryo? (DP)(DP)'.

M (standard) emission hedging political risk hedging

Here D = diag(Dy, D), ® = diag(¢g, ¢p), P = (Py, P)', and:
R 2
e X, = D(V + o2 PP'\D is the return covariance, where V. = (::Z ZZ‘) with
Vg = 0124 + 012475;
e %(776‘ + np) is the average emission disutility;

o oap;s = Cov(ea,,ep,) governs the direction of the emission hedge for sector s

(the “dirty boom” covariance).

The climate pricing matrix M extends the standard pricing matrix M = vy, +
gCIJ with two corrections: an emission hedging term (reflecting investors’ desire to
hedge emission risk) and a political risk hedging term (reflecting the partial offset
between return losses and rebate gains from tax shocks). Positive definiteness of M
ensures that equilibria with positive investment exist, which holds when the hedging

corrections are small relative to M.



Corollary 1 (Portfolio Holdings). In the equilibrium of Theorem 1, the optimal

portfolio for investor i decomposes as:

1 —1/(= i -1 /\REU2 1 N5
0; = YoNF—rel) + DINED IS + ==y 1DP (26
1 Y T ( f) v Yi r T i T ( )
N—————

GZM V. mean-variance HlE . emission hedging 0; : political risk hedging

where Y. p 1= (Cov(rs,E))s € R? and E = y(DP)'0 is expected aggregate emissions.
With equal wealth yg = yp = vy, the portfolio difference between green and brown

tnvestors 1s:

O —b0p =16 "1y . (2.7)
Y

Remark 1 (Portfolio Heterogeneity). The mean-variance demand MV and the
political risk hedging demand 6] are identical across investor types (up to wealth
scaling). Only the emission hedging demand HlE is type-specific, through n;. With-
out emission risk (3¥,r = 0), all investors hold identical portfolios regardless of
environmental preferences—the only channel for expressing green preferences is the
political process. With correlated emission risk, the individual hedging demand 6
depends on 7;, which differs across types. The average emission hedging (through 7
in M ) affects equilibrium prices and capital allocation, while the individual devia-
tions from the average are zero-sum trades between green and brown investors that

change risk exposures without altering 6.

Remark 2 (Nesting Special Cases). Setting ¢s =0, 02 =0, o4ps =0, and 04 =0
eliminates adjustment costs, political risk, and emission-productivity correlation,
leaving only sector-specific productivity risk. The climate pricing matrix reduces
to M = yyX, with X, = Ddiag(ai’s) D, and the equilibrium takes the standard
CARA-normal form (modified by adjustment costs when ¢5 > 0) with heterogeneous
emission preferences as the only departure from the classical CAPM. When Ag = 1,
the tax rebate perfectly hedges political risk, and as we show in Corollary 2(b),

political uncertainty has no effect on capital allocation.

Discussion of Environmental Externality. The fundamental environmental
problem in this economy is that some households care about aggregate carbon emis-
sions, F, but no households believe they personally impact aggregate emissions.

This means that agents need to coordinate to reduce pollution. Ultimately, coordi-

10



nation is complicated by the heterogeneity across the population in how much they
care about reducing emissions. As Remark 1 shows, without emission risk the only
channel for expressing green preferences is the political process, underscoring the

central role of political bargaining in Section 3.

2.4 A Climate Policy CAPM

The equilibrium pricing equation can be rewritten in a form that generalizes the
CAPM to incorporate climate-specific state variables. We call this the Climate
Policy CAPM.

Proposition 1 (Three-Factor Asset Pricing). In the equilibrium of Theorem 1, the

expected excess return on sector s satisfies

re—rp= vy Cov(rs,rp) — 7 Cov(rs,E) 4+ vARE Cou(rs,e;), (2.8)
—_—— —_———
market risk premium emission risk premium political risk premium

where ry; = 0'r is the market portfolio return. Equivalently, in beta form:

Ts — Ty = )\M /BS,M + )\E' IBS,E + A7' /BS,Ta

where:
Factor Beta Price of risk
Market Bs, M = W v = vy Var(rar)
Emission  Bs.p = %&?) Ag = —10 Var(E)
Political ~ Bsr = %5’67) = -—DsP; M\ =YA\gE o?

Interpretation. The market factor is the standard CAPM channel, now incor-
porating all three sources of return variation. The emission factor parallels the
“climate beta” in recent empirical work; our model microfounds its price of risk
A = —nVar(E) as a function of preferences () and emission variance. Since
n > 0, Ag < 0: assets with positive emission beta earn lower expected returns
because they hedge high-emission states.

Political risk affects required returns through two channels that work in opposite
directions. First, political uncertainty raises total return variance (since o2 enters

Y, ), increasing the market risk premium. Second, the tax rebate provides a partial

11



hedge: when the tax rises, returns fall but the rebate Ap7E increases, partially
offsetting the loss. This hedge is reflected in the third factor, where A; > 0 and
Bsr = —D,P, < 0 produce a negative contribution that reduces required returns
(equivalently, Cov(rs, e;) < 0). When Ag = 1 (full rebate), the two channels exactly
offset and political risk has no net effect on capital allocation (Corollary 2(b)). When
Ar < 1, the variance channel dominates for capital allocation: political uncertainty
shifts investment from brown to green (Corollary 2(b)(iii)), with the brown sector

bearing greater exposure to the unhedged variance.

Remark 3 (Policy Instruments and Risk Premia). The risk premium—whether
“brown” or “green”—depends on the policy instrument creating the uncertainty.
The policy in our model is a carbon tax that punishes polluters; uncertainty in
this regime makes brown assets risky, generating a brown premium. If, instead,
climate policy were implemented via a green subsidy (e.g., a per-unit subsidy on
green output), policy uncertainty would be concentrated in the green sector. In
that case, our model would predict a greemn premium, as investors would demand

compensation for bearing the risk of fluctuating green subsidies.

Comparative statics with respect to (7%, 02) and the risk parameters (o 4p,s, 0’1233 ,0%)

are collected in Corollaries 2-3 in Appendix B.

2.5 Asymmetric Adjustment Costs

The adjustment cost parameters (¢4, ¢p) allow for asymmetry in the ease of scaling
investment. If the green sector represents newer technologies with more flexible
capital deployment, one natural specification is ¢, < ¢; if green technologies require

costly specialized infrastructure, then ¢, > ¢;.

Proposition 2 (Effect of Asymmetric Adjustment Costs). In any equilibrium with
positive investment in both sectors, a decrease in ¢q (lower green adjustment cost)

has the following effects:

1. Capital allocation: K, increases and Ky, decreases; the green share Kq/(Kgy +

Ky) rises.

2. Ezxpected returns: If, in addition, the variance of the cross-sector return differ-

ential exceeds the combined hedging corrections—i.e.,

- ~1

/
(1 1\ i _ _
w( 1) Er( ) > yi(Dioapg + Dioapp) + YAroz (Dg Py — Dbe)%2-9)

12



then both r4 and Ty increase, with T4 increasing more.

3. Return spread: Under the same condition (2.9), the brown-green expected return

spread T, — Ty narrows.

Interpretation. Lower green adjustment costs channel more capital into the green
sector without incurring steep marginal costs. While capital flows to green, both
sectors’ expected returns rise: the green sector benefits directly from the lower cost
penalty, and the brown sector benefits from reduced capital (less DRS pressure).
The green sector gains more, narrowing the spread. Thus, asymmetric scalability
affects the level of returns but does not by itself generate a “green premium” (lower
green expected returns). In our model, the green premium is driven primarily by the
emission hedging channel (Corollary 1), which compresses green expected returns
through investors’ willingness to accept lower returns on assets that hedge emission

risk.

3 Domestic Political Bargaining

The preceding analysis characterized the market equilibrium for a given carbon
tax process (7%,02). Section 2 established that, absent emission intensity risk
(caps = 0), all investors hold identical risky portfolios regardless of their environ-
mental preferences (Remark 1). This motivates our shift to the political arena: if
investors cannot express their heterogeneous environmental values through portfolio
choice, they must do so through collective policy choice.

We endogenize the carbon tax by modeling its determination as the outcome of
a political process between the two groups of capital owners.> Throughout, we work
under the simplification op, = 0 and o4p s = 0 (no stochastic emission intensity), so
that all investors hold identical portfolios in the market equilibrium of Section 2. We
maintain general productivity risk (c4,04 ), adjustment costs (¢5), rebate fraction

(ARr), and capital share (a). The fully general case is treated in Appendix ?7.

3This approach isolates the political conflict that arises purely from the investor channel. We
abstract from the political influence of labor by assuming a perfectly elastic supply at a fixed
wage for each sector, rendering laborers indifferent to the policy and focusing the analysis on the
preferences of capital owners.

13



3.1 Weighted Welfare Maximization

We model the political process as a weighted welfare maximization. The two investor
blocs—green (G) and brown (B)—negotiate over the expected carbon tax rate 7 > 0.

The politically determined tax rate 7* solves
Tt =argmax  fWa(r) + (1 - 5) Wa(7), (3.1)

where 8 € [0, 1] is the political weight of the green bloc and W;(7) is the indirect
welfare (certainty-equivalent) of type i when the expected tax is 7.4

When bargaining, each bloc internalizes the full general equilibrium impact of 7
on market outcomes. The indirect welfare W;(7) is the certainty-equivalent utility
of type ¢ evaluated at the competitive equilibrium induced by expected tax 7 and

political risk o2:

Wi(r) = Elc} ()] — 2 Var(c} (1) — L B(r), (3.2)

where ¢! (7) is the equilibrium consumption of type i and E(7) = y(DP)'0 is aggre-

gate benchmark emissions.’

3.2 Welfare Structure and Ideal Points

Lemma 1 (Welfare Decomposition). Under equal wealth (yo¢ = yp = y) and no

emission intensity risk (op, =0, oaps = 0), the indirect welfare decomposes as

where U(T) is a common financial welfare function, identical across investor types:

W G 5 57 3
\I’(T):grf“‘Te/Ere‘F/\RTE_5)‘%2072—E2‘ (3-3)

4This objective has a natural microfoundation through probabilistic voting. In such models,
two office-seeking candidates choose policy platforms, and the equilibrium platform maximizes a
weighted sum of group utilities, with weights determined by the density of swing voters in each
group. The parameter 8 captures the green bloc’s effective political influence: a larger 5 means the
green bloc is more pivotal.

°The full CARA-normal certainty equivalent of u; = —exp(—yc; + n:E) is E[e;] — 2 Var(c;) —

2 —
LE - %Var(E) + n:Cov(c;, E). When op, = 0, emissions are deterministic (£ = FE), so the last
two terms vanish and (3.2) is exact.

14



Proof. See Appendix B. O

The decomposition implies that the only source of political disagreement is the
emission disutility term. Both types benefit equally from financial returns and tax

revenue; they differ solely in how much they value a reduction in E. Differentiating:

W!(r) =W (r) - %E’(T), (3.4)

so the marginal welfare difference between the two types is

Wh(r) — Wh(r) = —@ E'(7). (3.5)

Whenever the tax reduces emissions (E'(7) < 0), the green bloc has a strictly higher
marginal value from increasing the tax. Under the assumption Dgpb > Dgpg from
Section 2, we have E'(7) < 0 for 7 € [0,7) with 7 := mins A;/Ps (Lemma 4 in the
appendix).

We now state the ordering of ideal policies. Define the ideal tax rate for type @

as 7, = arg max,>o W;(7).

Proposition 3 (Ordering of Ideal Tax Rates). Suppose W;(7) is strictly quasi-
concave in T for each i € {G,B}. Then

T > 1R > 0.

The inequality is strict (1(, > Tf;) whenever 7} is interior or W(,(0) > 0. A sufficient
condition for the latter is that the green bloc’s environmental benefit exceeds the
financial cost of the first unit of tax: 77TG(—E’(O)) > —U'(0).

Proof. See Appendix B. The argument proceeds from the single-crossing condition
(3.5): since ng > np and E'(1) < 0 (Lemma 4), we have W[ (1) > Wy(7) for all
7. When 75 is interior, W5 (7f) = 0 implies W/ (7f) > 0, so 75 > 74 by quasi-
concavity. At a corner (75 = 0), the strict inequality 75 > 0 requires W/, (0) > 0. O

Equation (3.5) captures the political conflict. The carbon tax generates three
competing effects: (i) portfolio distortion—the tax reduces expected returns R,
(since ORs/OT = —DsPs < 0), lowering financial welfare; (ii) revenue rebate—tax
revenue A7 FE provides income, following a Laffer curve as the tax base E shrinks;
(iii) environmental benefit—reduced emissions yield utility gain —%E, proportional

to ;. The first two effects enter U'(7) and are identical for both types. Only
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Figure 1: Welfare and Ideal Policies under Different Pollution Preferences

Investor's Value (V)

T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Carbon Tax Rate (T)

Pollution Disutility Level
— Low —— Medium High

the environmental benefit is type-specific. Green investors tolerate greater financial
distortion because they value the environmental improvement more highly.

Under the quadratic approximation introduced below, W; is concave in 7 if and
only if —¥”(0) + %E”(O) > 0. The financial curvature —0”(0) > 0 captures the
accelerating deadweight loss from tax distortion (Appendix B.2). When E”(0) > 0—
which holds whenever the intensive curvature dominates, as is the case for a < 1/2—
both terms are positive and concavity is automatic. When E”(0) < 0, concavity
requires —\0"(0) > "7G|E'” (0)[, i.e., the financial curvature dominates the emission

curvature. We maintain this as a regularity condition.

3.3 Closed-Form Equilibrium Tax Rate

Computing 7* in closed form requires resolving the nonlinear dependence of all
equilibrium objects (D, 8, rf,Er,E) on 7. These are rational functions of 7 of
high degree (through D, o (A, — 7P,)(1=®)/®) precluding exact closed forms. We
therefore approximate the welfare functions by their second-order Taylor expansions
around the no-policy benchmark 7 = 0, which is accurate when 7* is small relative

to 7.
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Under the quadratic approximation, W;(1) &~ W;(0)+W/(0)7+1W/(0)72, where
from (3.4):

W(0) = W'(0) %E’(ox (3.6)
M@%ﬂﬂm—%ﬁmi

The derivatives ¥/(0), E’(0), ¥”(0), E”(0) are evaluated at the no-policy benchmark
(1 =0, 0, = 0), holding o2 fixed; the fixed-point condition on o2 is closed separately
in Section 3.5. Explicit computation of these derivatives from the equilibrium system

is in Appendix B.2.

Theorem 2 (Closed-Form Political Equilibrium). Under the quadratic approxima-
tion, suppose =W/ (0) > 0 for i € {G,B} (welfare is concave for both types). If the

interior condition holds—

ng ~
W}, (0) = W' (0) - 75 E'(0) > 0, (3.7)
where g := png+(1—PB)np is the politically-weighted average emission sensitivity—

then the political equilibrium tax rate is

(o) - B/(0)
™ = ik . (3.8)
—W@+%Em)

When (3.7) fails, the constrained optimum is 7% = 0. The ideal tax rate for each

1nvestor type s

v(0) - X E'(0)
= — (3.9)
—\I/”(O) + ;ZE”(O)

Proof. Setting W/(77) = 0 and using the linear approximation W/(r) ~ W/(0) +
W!(0)r gives 7 = —W/(0)/W/(0) = W/(0)/(—=W/(0)), which is (3.9). For the
political equilibrium, the FOC of (3.1) is SW,(7*) + (1 — B)Wg(7*) = 0. Since
Wi(7) is affine in n; (equation (3.4)), the weighted FOC reduces to Wj (7*) = 0,
where Wy(7) := ¥(7) — ZE(7). Concavity of this function requires —W (0) > 0.

Since 73 € [nB,ng] and —W/(0) > 0 for i € {G, B}, linearity in n guarantees
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—Wy,(0) > 0. The interior condition (3.7) ensures 7* > 0; we maintain 7* < 7 so

the quadratic approximation is applied within the economically relevant range. [J]

The equilibrium tax 7* coincides with the ideal policy of a “representative in-
vestor” whose emission sensitivity is 73. This is a consequence of the linearity of
W/!(7) in n;: the weighted FOC is equivalent to a single-agent FOC with the av-
eraged preference. When 3 = 1/2 (equal weights), 73 = 7 = (ng + 1), which
equals the average emission disutility appearing in the climate pricing matrix M of
Section 2. As § increases toward 1, the effective preference shifts toward ng and 7*
rises.

The numerator of (3.8) is the marginal benefit of introducing the tax: the finan-
cial benefit ¥/(0) (rebate revenue net of portfolio distortion) plus the environmental
benefit —%BE/ (0) (weighted emission abatement, positive since E’(0) < 0). The
denominator is the rate at which marginal costs increase: the financial curvature
—P"(0) (how rapidly the portfolio distortion grows) plus the emission curvature cor-
rection %’E” (0) (how the marginal environmental benefit changes). The marginal

financial benefit W’(0) itself decomposes as

V()= P00 + ArE°,
—— ~——
portfolio distortion rebate

cost (<0) benefit (>0)

where Ug, denotes the financial welfare excluding the direct rebate term, and E? :=
E(0) is baseline emissions. When the rebate fraction Ag is large enough, ¥(0) > 0:

there is a “revenue motive” for taxation beyond environmental considerations.

3.4 Political Risk

The bargaining process also determines the political risk o2. The variance of the
realized tax around 7* reflects the intensity of political conflict—contested elections,
legislative uncertainty, and policy reversals all contribute to higher variance when

the two blocs disagree. We model this as:

02 = k2 (15 — T3)%, k>0,

where K governs the transmission from political disagreement to implementation
noise. This is part of the environment: the mapping from disagreement to uncer-

tainty is a primitive of the political system, not a result of optimization.
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From (3.9), the ideal-point gap is

(06— )/ - [E'(0) W"(0) = B"(0) W'(0)]
[~0(0) + BB O] [ (0) + EEO)]

* *
Tqg — B =

Political risk is increasing in preference heterogeneity (g — ng) and policy effec-
tiveness (—E’(0)). It does not depend on the bargaining weight 3: political power

determines the expected tax level but not the uncertainty around it.

3.5 The Political-Market Equilibrium

We now combine the market equilibrium of Section 2 with the political equilibrium

to close the model.

Definition 2 (Political-Market Equilibrium). A political-market equilibrium con-
sists of a tax process (7*,02) and a competitive market equilibrium (rg,m, 6, K, L)
such that:

(i) The market equilibrium satisfies Theorem 1 given (7%, 02);

(ii) The expected tax 7* solves the weighted welfare problem (3.1), where W; is

evaluated at the market equilibrium in (i);

(iii) The political risk satisfies 02 = k?(75 —75;)?, where 7/ maximizes W; evaluated

at the same market equilibrium.

The equilibrium is a fixed point: the market depends on (7%, 03), which in turn
are determined by welfare in that market equilibrium. Specifically, given (7%, c2),

the equilibrium capital and emissions are determined by Theorem 2.1:

K, = Qés(T*, 02), E=yg (DP)'@(T*, 03),

T

where Dy, M , Ry, rf, and 6 are all evaluated at (7*,02). The change from the no-

policy benchmark decomposes into a tax-level channel and a political-risk channel:

Ky — K = Kg(7%,0) — KJ + K (7%, 02) — K4(7*,0),

AK] AKg
E - EO = E(T*,O) - EO+E(T*aU72') - E(T*’O)7
AET AE°
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where AK ] and AET capture the effect of the average tax rate at zero political
risk, and AK and AE? capture the additional effect of policy noise. The tax-level
channel reduces emissions (AE™ < 0) for any interior 7* € (0,7), since E'(1) < 0
on this interval (Lemma 4). The political-risk channel shifts capital toward green
(AKJ > 0) and further reduces emissions (AE°? < 0), with equality when A\ = 1:
full revenue rebate perfectly hedges political risk, shutting down the risk channel.
The two channels have distinct welfare implications: the tax channel corrects the
externality by pricing pollution, while the risk channel adds uncompensated uncer-

tainty.

Proposition 4 (Comparative Statics). Under the conditions of Definition 2 and

the quadratic welfare approxzimation,

(a) Bargaining power 3. An increase in the green bloc’s political weight raises the
equilibrium tax 7*; Political risk o2 is independent of 3. Through the taz-level

channel, K4 increases and E decreases.

(b) Preference heterogeneity (ng —np), holding 7 = 3(n¢ +np) fixed. The ezpected

tax increases when B > 1/2, is unchanged when B = 1/2, and decreases when
B < 1/2. Political risk always increases, regardless of 5. When B > 1/2, or when

risk channel dominates, capital shifts toward green and emission drops.

(¢) Risk aversion . Holding ¥'(0), ¥"(0), E'(0), E"(0) constant, an increase in

reduces both the equilibrium tax and political disagreement.

The proof is in Appendix B.1.

Efficiency of the political-market equilibrium. The political-market equilibrium is
generically Pareto inefficient. Comparing the decentralized outcome to a social plan-
ner who directly controls capital allocation and consumption transfers, two frictions
emerge. First, the carbon tax distorts labor demand below its efficient level, since
firms perceive their marginal revenue product as A; — 7P, rather than the social
productivity A,. Second, the political bargain is over an incomplete contract: agents
negotiate a single tax rate 7 but cannot commit to portfolio choices or lump-sum
transfers between groups. A planner can independently optimize capital alloca-
tion and distribution, but the decentralized process collapses this two-dimensional
problem into a one-dimensional path parameterized by 7. The result is systematic
under-investment in green capital relative to the Pareto frontier—even a “brown-

friendly” planner would allocate more to the green sector than the market out-
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come. We develop this argument in Appendix A; a formal quantitative comparison

is straightforward given the closed-form equilibrium but omitted for brevity.

4 Coordinated Green Investors: A Solution?

The preceding analysis assumed that all investors are atomistic: each takes market
prices and aggregate emissions as given when choosing portfolios. In practice, insti-
tutional investors often coordinate their actions, particularly around environmental,
social, and governance (ESG) objectives. Green investment funds, pension funds
with climate mandates, and shareholder activism groups explicitly internalize the
aggregate impact of their investment decisions on environmental outcomes.

In this section, we explore whether such coordination can remedy the inefliciency
identified in Section 3 (see also Appendix A). We begin by formalizing an environ-
ment where green investors act as a coordinated bloc that internalizes its effect on
aggregate emissions, while brown investors remain atomistic. We then characterize
the resulting market equilibrium, showing how coordinated green investors optimally
tilt their portfolios toward green assets. Despite this internalization of the environ-
mental externality, we demonstrate that the equilibrium remains generically Pareto
inefficient. The source of this inefficiency is market incompleteness: portfolio choice
bundles together two distinct functions—capital allocation and risk bearing—that
a social planner would optimize separately. We identify the missing markets (state-
contingent transfers) that would restore efficiency, clarifying the precise friction that

coordination alone cannot overcome.

4.1 Setup: Coordinated Green Investors

and the political-market equilibrium from Section 3, with one key modification:
green investors act as a single coordinated bloc that internalizes the effect of its
portfolio choice on aggregate emissions F, while brown investors remain atomistic.
Let Y; denote the total wealth of type-i investors, with Yg + Yp = y. For simplicity,

we also make the following assumptions:

(i) No emission intensity risk: op, = 0 and o4ps = 0 for each sector s. This is
the same restriction as in Section 3. In the atomistic benchmark, all investors

hold identical risky portfolios.
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(ii) Constant returns to scale: ¢s = 0 for each sector. Under CRS, the return

distribution (7, Y,) is invariant to the scale of production.
(iii) Equal wealth: yg = yp = y.

Political risk is retained: the realized carbon tax is ¥ = 7* + ¢, with e, ~ N(0,02),

where (7*,02) are determined by the political-market equilibrium of Section 3.

Atomistic Brown Investors. Brown investors remain price-takers who do not
internalize their effect on emissions. Since they take E as given, their first-order
condition yields the standard mean-variance portfolio from Theorem 1:

iE;l(f—rfl). (4.1)

Y

Op =

Market Clearing. The bond market is in zero net supply. Total risky investment
equals total wealth: (1'0¢ +1'05) = g, so 1’6 + 1’0 = 2. Substituting (4.1), the

equilibrium risk-free rate becomes a function of the green portfolio:

VS + 95106 — 293

, 4.2
1yt (42)

ri(0c) =

. . . 8Tf _ ’Yﬂ
with derivative 5= = RS

the risk-free rate rises to clear the bond market.

1. As the green bloc increases its risky asset holdings,

Coordinated Green Investors. Each green investor has consumption
cg =ylry + (r —rp1)'0g] + Mg E,

where the tax rebate Ag7FE is stochastic through the political shock e,. The green
bloc maximizes each investor’s certainty-equivalent welfare while internalizing its

effect on aggregate emissions:

max Elcg] — 2 Var(ce) — 2 B(0¢).
Oc 2 ¥

The green bloc understands that its choice of g affects: (i) the risk-free rate r¢(6¢)
through market clearing; (ii) brown investors’ portfolio 6z (r¢) through their opti-
mality condition (4.1); and (iii) capital allocation K (0g) = £(0c + 0p(r;(0c))) and
thus emissions E(0g) = v K (0g).
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4.2 Equilibrium with Green Coordination

We now characterize equilibrium when green investors coordinate. Throughout, we
impose short-selling constraints 6;; > 0 for all investors. In the atomistic benchmark
of Section 2, these constraints do not bind: all investors hold positive weights in both
sectors. With coordination, however, green investors may wish to short brown assets
to reduce emissions, making the constraint potentially binding.

The first-order condition for the coordinated green bloc takes the form (derived
in Appendix B.3):

52 (1—1'6g)

(7 — 1) =775, 06 + 1+ uf- % A+ yAgatgEW” =0,
|

1|
Lo . political risk hedging
mean-variance + interest rate internalization emission internalization
(4.3)
where:
. M?Eﬁ = AT — UTG +~YAro2Hg is the effective emission price for the green bloc,

combining the expected tax rebate, the environmental disutility, and a political

risk hedging correction;

e Hg := gj@’GvP — ArE measures the green bloc’s hedging gap: the difference
between its portfolio’s exposure to the tax shock (through returns) and its

rebate exposure;

— . . . . . . —_ / _1 P
o AvP :=vP—4P1 is the demeaned emission intensity vector, with v := 11,2211”1 .
T

Compared to the atomistic benchmark, three additional terms appear beyond the
standard mean-variance demand. The first group (interest rate internalization) is
identical in structure to the case without political risk; the green bloc internalizes its
effect on 7. The emission internalization term captures the environmental motive:
the green bloc tilts its portfolio in the direction Av”, which shifts capital from high-
emission brown to low-emission green. Since brown has higher emission intensity
(DyPy > Dy P,, the standing assumption from Section 3), Avg) <0< Avf, so when
,u%ﬁ < 0 (environmental disutility exceeds the rebate benefit), the emission term
pushes toward green.

The political risk term captures a hedging motive: because the tax rebate Ag7F
is stochastic, and returns are negatively correlated with the tax shock (higher 7

reduces returns), holding more risky assets partially hedges the rebate risk. Since
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brown assets are more exposed to the tax shock (Dy P, > D4P,), this hedging motive

pushes the green bloc toward brown, counteracting the environmental tilt.

Theorem 3 (Equilibrium with Green Coordination). Consider the coordinated green

investor problem with short-selling constraints g s > 0.

(i) Portfolio scale. If both constraints are slack, the coordinated green portfolio

satisfies:

)\RO'EE_’ . 1’2;%13

105 =1
G + 30

When o2 = 0, this reduces to 1’6}, = 1: coordinated green investors neither
borrow nor lend. With political risk (o2 > 0) and a positive rebate (Agr > 0),
the correction is generically nonzero; its sign is determined by l’E,TlvP, which
is positive when political risk is moderate (Appendiz B.4). In this case, 1’0, >

1: green investors slightly leverage into risky assets to hedge rebate risk.

(ii) Portfolio tilt. Green investors tilt toward the green sector: 0g , > 0pq and
0co < OBp. The magnitude of the tilt is determined by the effective emission
price u%ﬁ and the emission differential DyP, — DyPy,, and is dampened by

political risk through the hedging counterforce.

(iii) Corner solution. There exists a threshold ng > 0 such that if ng > ng, the
constraint gy > 0 binds. In this case, 92";’17 = 0 and green investors borrow to
finance additional green investment. Relative to the case without political risk,
the threshold 1 is higher: political risk raises the cost of extreme green tilts
(through increased consumption variance), making the corner solution harder

to reach.

In all cases, green and brown investors hold different portfolios, in contrast to the

portfolio homogeneity of the atomistic equilibrium (Remark 2.3).

The proof is in Appendix B.4.

The theorem reveals that coordinated green investors have two margins: scale
(total risky investment 1'6¢) and tilt (the ratio 6q 4/0c ). Only tilts affect emis-
sions: borrowing to invest proportionally in both sectors triggers an offsetting re-
sponse from brown investors through the risk-free rate. Moreover, borrowing is

costly: it raises ry, which the green bloc internalizes. The preferred strategy is
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therefore to tilt the portfolio to go long green and short brown, while maintaining
1’0 = 1. When short-selling constraints prevent this, green investors resort to

borrowing, accepting the interest rate cost to achieve emission reductions.

4.3 Efficiency of the Coordinated Equilibrium

Does coordination by green investors achieve an efficient allocation? When brown
investors have no environmental preferences (ng = 0), the only agents who care
about emissions are the coordinated green bloc, who fully internalize their effect.
Standard intuition suggests this should yield efficiency. We show this intuition is
wrong: the coordinated equilibrium remains generically Pareto inefficient. However,
we also identify the missing market that would restore efficiency.

The source of inefficiency is not a failure to internalize externalities, but rather
market incompleteness. Portfolio choice serves two functions: it determines capi-
tal allocation (and hence emissions), and it determines each investor’s exposure to
consumption risk. A social planner can optimize these objectives separately. The
market cannot—the only way to redirect capital toward green production is to hold

more green equity, which mechanically increases exposure to green-sector risk.

Efficient Risk Sharing. Consider a planner who chooses capital allocation K =
(K4, Kp)" and state-contingent consumption (cq,cp) to maximize weighted utilities
weE[ug(cq; E)] + wpElup(cp)] subject to feasibility cq + cg = C, where C' = r'K
is aggregate consumption. With CARA utility and common risk aversion -, the

planner’s optimal consumption allocation satisfies (Appendix B.7):
1 ~ .
¢ =a; + 5(0 — () for each i € {G, B}, (4.4)

where a; is mean consumption for group i and C = E[C]. Both groups bear equal
consumption risk, regardless of environmental preferences or Pareto weights; these

affect only the level a;, not the loading on aggregate risk.
(i). Market equilibrium risk allocation. Define each investor’s dollar risk

exposure as &; := y0; € R2, the dollar position in each sector’s equity. From (4.1),

brown investors’ exposure is g = %E; 1(# — r¢1). For coordinated green investors,
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rearranging (4.3) yields (Appendix B.5):
1
to—ép=—x1 ()\RT — ’7G> Avt. (4.5)
2y ¥

This wedge is zero in two cases: (i) when g = YAgT, so the marginal environmental
benefit exactly equals the marginal tax rebate benefit; or (ii) when DyP; = Dy P,
meaning both sectors have identical emission intensity and tilting the portfolio has
no effect on emissions. In either case, green investors have no incentive to deviate
from the standard mean-variance portfolio, and 65 = 0p.

Outside these knife-edge cases, the wedge is nonzero: green investors tilt toward
green assets to reduce emissions, bearing more green-sector risk than efficient sharing

prescribes.

Proposition 5 (Inefficiency of Coordinated Equilibrium). Suppose ng = 0, both
investor types share risk aversion v, and yo = yp = y. If ng # YArT and DyPy #

Dy Py, then the coordinated equilibrium is Pareto inefficient.

The proof (Appendix B.6) follows from the observation that efficient risk sharing
requires {; = £p (equation (4.4)), while equation (4.5) implies £ # {p under the
stated conditions. The planner could improve welfare by maintaining the same

capital allocation while redistributing consumption risk to equalize exposures.

Restoring Efficiency with Complete Markets. The inefficiency arises because
portfolio choice bundles capital allocation and risk bearing into a single instrument.
The missing market is a state-contingent transfer that reallocates consumption risk
independently of capital flows.

Consider augmenting the financial market with a return swap: a contract paying
(rg — rp) per dollar of position at ¢t = 1. Investors can now separately choose their
equity holdings 6; (which determine capital allocation) and their swap positions ¢;
(which adjust risk exposure). This separates the two functions that portfolio choice

previously bundled.

Theorem 4 (Efficiency with Complete Markets). Suppose ng = 0, both investor
types share risk aversion 7y, and green investors coordinate. If a return swap market

1s available, any competitive equilibrium is Pareto efficient.

The proof (Appendix B.8) shows that with swaps, both groups achieve equal risk

exposure ({g = £p) while green investors still tilt their equity portfolios to reduce
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emissions. The equilibrium allocation solves the social planner’s problem for welfare
weights determined by initial endowments and equilibrium prices.
Proposition 5 and Theorem 4 together identify the two frictions that cause inef-

ficiency:

1. Uninternalized externalities. When investors are atomistic, no one accounts for
their effect on aggregate emissions. Coordination by green investors removes
this friction. With np = 0, brown investors impose no uninternalized external-

ity.

2. Incomplete risk markets. Without swaps, portfolio choice bundles capital allo-
cation and risk bearing. Green investors who tilt portfolios for environmental
reasons must accept suboptimal risk exposure. Adding swap markets separates
these functions: equity holdings determine capital flows, swaps determine risk

exposure.

When both frictions are removed, the First Welfare Theorem applies. Efficiency
obtains without carbon taxation when green investors fully coordinate and complete
risk markets are feasible. Carbon taxation becomes necessary when investors cannot
fully coordinate or when risk-sharing markets are incomplete, conditions that likely

hold in practice.

5 Extensions

Our framework provides a foundation for exploring several critical dimensions of
the interplay between climate policy, finance, and politics. We briefly outline two

promising extensions below.

5.1 The Role of Labor and Distributional Conflict

Our main analysis abstracts from the welfare of labor by assuming a perfectly elas-
tic supply at a fixed wage, rendering laborers indifferent to the policy outcome.
This simplification focuses the core conflict on capital owners with heterogeneous
environmental preferences.

A straightforward and important extension is to consider the distributional con-
sequences for labor. One could, for instance, assume the exogenous wage ws rep-
resents a binding minimum wage that is above labor’s true reservation wage (e.g.,

unemployment benefits). In this case, aggregate employment L = Y, Ly becomes
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a direct, albeit imperfect, proxy for labor’s welfare. Since our model predicts that
labor demand L, is decreasing in the tax rate 7, any positive carbon tax would cre-
ate an explicit conflict between environmental goals and labor interests. The policy
bargain would then involve a trade-off not only between green and brown investors
but also between capital owners and workers.

A richer model would endogenize wage determination and include labor as a third
strategic actor in the political bargain. The resulting policy would depend on the
coalition formation between labor and the two capital-owning groups. For instance,
labor in the brown sector might align with brown investors to resist high taxes to
preserve jobs; if not properly compensated, laborers with green preference may side
with brown investors due to high marginal cost of losing jobs. Alternatively, labor
could be induced to support green policy if a sufficient portion of the carbon tax
revenue is used to fund programs like targeted wage subsidies or job retraining.
Analyzing these dynamics would provide deeper insights into the political coalitions

that can either enable or block effective climate action.

5.2 International Capital Mobility and Financial Leakage

Our single-country framework extends naturally to a multi-country setting with
integrated financial markets. In such an extension, each country j sets its own
carbon tax 7; through domestic political bargaining, while investors can allocate
capital to green and brown firms in any jurisdiction.

The key new force is financial leakage. Because portfolio homogeneity carries
over to the international setting, all investors hold the same global market portfolio
regardless of nationality or environmental preference. A unilateral increase in one
country’s carbon tax lowers expected returns on its domestic assets, causing the
global market portfolio to rebalance toward the untaxed jurisdiction. This capital
reallocation stimulates foreign production and pollution, potentially offsetting (or
even reversing) the environmental benefits of the domestic tax.

Financial leakage also compounds the domestic political friction. When countries
set policy sequentially, each country’s bargainers must anticipate how the other will
respond. A higher domestic tax may provoke strategic substitution abroad, as the
foreign country lowers its own tax to attract the inflowing capital. Anticipating
this policy neutralization weakens the domestic green bloc’s bargaining position,
pushing the equilibrium toward inefficiently low taxes. At the same time, open

capital markets may ease domestic agreement on a carbon tax by allowing brown
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investors to evade its cost through foreign investment, but this comes at the expense
of higher global emissions.

These dynamics suggest that a carbon tax alone may be insufficient when cap-
ital is internationally mobile. Capital controls or cross-border investment frictions
could serve as a second-best policy by segmenting financial markets and restoring
the potency of domestic environmental policy, though at the cost of sacrificing the
benefits of financial integration such as efficient global capital allocation and risk
sharing. We leave the formal analysis of optimal international policy coordination

for future work.

6 Conclusion

This paper develops a general equilibrium framework that nests endogenous policy
determination, political and environmental risk, and standard production risk into
a tractable structure with closed-form equilibrium. Investors with heterogeneous
preferences over carbon emissions negotiate a carbon tax, which feeds back into
portfolio decisions, real investment, and asset prices. The equilibrium pricing equa-
tion takes the form of a Climate Policy CAPM: a three-factor model with market,
emission, and political risk factors that nests the standard CAPM as a special case.

We endogenize the carbon tax through political bargaining between green and
brown investor blocs. The political process operates through two separable channels:
a tax-level channel, through which the bargained tax shifts capital from brown to
green, and a political-risk channel, through which disagreement generates policy
uncertainty that further tilts portfolios toward the less exposed sector. The resulting
equilibrium is generically Pareto inefficient, because the political bargain is over an
incomplete contract: agents negotiate a tax rate but cannot commit to portfolio
choices or transfers between groups, leading to systematic under-investment in green
capital relative to the Pareto frontier. Coordination among green investors does not
resolve this inefficiency; the residual friction is market incompleteness, whereby
portfolio choice bundles capital allocation and risk bearing into a single instrument.
Adding a return swap market that separates these two functions restores efficiency.

The tractability of the framework makes it a natural platform for extensions.
Incorporating workers into the political process introduces distributional conflict be-
tween capital and labor. An international extension with integrated capital markets

introduces financial leakage, whereby unilateral taxes trigger capital reallocation to
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untaxed jurisdictions. More broadly, the framework provides a unified setting for
studying how financial regulation, green industrial policy, and international coordi-

nation interact with the political process to shape environmental outcomes.
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A (In)efficiency of the Decentralized Equilibrium

This appendix discusses the inefficiency of the political-market equilibrium defined
in Section 3. We argue that the decentralized equilibrium is generically Pareto

inefficient by comparing it to a social planner’s benchmark.

A.1 Planner’s benchmark

Consider a benevolent social planner who directly controls the allocation of capital
to each sector, (K4, K3), and the distribution of final consumption across investor
types, (cg,cp). The planner maximizes a weighted sum of certainty-equivalent
utilities, wgWg + wpWp with wg + wp = 1, subject to the economy’s resource and
goods-market feasibility constraints. Varying the Pareto weight wg € (0,1) traces
out the Pareto frontier.

The planner differs from the decentralized economy in two respects. First, the
planner chooses labor to maximize physical net output E[f (K, Ls) —wsLs], so labor
is not distorted by the carbon tax. Second, the planner chooses capital allocation and
consumption transfers independently, whereas the decentralized economy determines

both through a single instrument 7.

A.2 Sources of inefficiency

The political-market equilibrium of Definition 2 is generically Pareto inefficient.
The inefficiency stems from a dimensionality mismatch. The planner navigates a
two-dimensional choice space—capital allocation (K, K};) and distributional out-
comes (via wg)—while the political process collapses both into a single dimension

parameterized by 7. Two frictions drive the wedge:

Friction 1: Tax-induced production distortion. A firm facing tax 7 > 0
perceives its marginal revenue product of labor as A, — 7Py < A, employing less
labor than a planner who internalizes that tax payments are transfers, not real costs.

This wedge reduces output for any given capital stock.

Friction 2: Incomplete political contracting. The political process bargains
over a tax rate but cannot commit to portfolio allocations or lump-sum transfers
between investor blocs. A planner can implement the efficient capital allocation and

compensate the brown group via transfers; the political process cannot decouple
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allocation from distribution. The tax must simultaneously price the externality and
indirectly steer capital, but atomistic investors respond only to the financial risk-
return profile conditional on 7. The result is under-investment in green capital:
even a planner with wg — 0 would allocate more to the green sector than the
decentralized equilibrium, because the planner can compensate the brown group

directly rather than through a lower tax rate.

Together, these frictions imply that the decentralized equilibrium produces less
total output (Friction 1) and allocates it inefficiently across sectors (Friction 2),

placing both investor types strictly inside the Pareto frontier.

B Proofs

Proof of Theorem 1

Lemma 2 (Return Distribution). Sector returns satisfy r ~ N (7, %,) with:

Ts = Rs - % K57 Rs = a(AS - T*ps) DS’

(1)ss = D2(vs + P20?2), (20)gp = DyDy(0% + PyPyo?),

where vy = 04 + o2 .. In matriz form,

2

2 5 vy 0%
2, =D(V+02PP\D, V= :
UA 'Ub

Proof. Substituting the optimal labor (2.3) into the firm’s dividend 7y = (As —
FPO)KOLY —wsLy— % K2, we obtain K¢L~® = D, Ky and wsLs = (1— o) (A —
7*P,)D; K, so the return r, = m,/ Ky is

rs = (As — 7Ps) Dy — (1 — a)(As — 7°Ps) Dy — 2 K.
Expanding around means:

rs_Fs:Ds(GA‘i‘EAS —]5557_)' (B.l)

This is a linear function of the jointly normal shocks (e4,€4,,€;), SO returns are
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exactly jointly normal. Computing the variance:

Var(rs) = D?[Var(ea) + Var(ea,) + P20?] = D?(vs + P202).

ST

For the cross-sector covariance, using independence of (ea,,€p,) and (ea,,€p,):
Cov(rg, 1) = DyDy[Var(ea) + Py Pyo?] = DyDy(0? + P,Pyo?).

O

Lemma 3 (Covariance Structure). The return-emission and return-political covari-

ances are:

Cov(rs, E) = DK 0ap,s,
Cou(rs,e;) = —DyPy o2

Ezpected aggregate emissions are E =Y., PsD K, = ij(DP)'6.

Proof. Substituting optimal labor, realized emissions are £ = >, PsD;K,, so E —
E= > s€ep,DsKs. From (B.1) and using €4 L ep, for all j, ea, L ep, for j # s, and
er Lep,:

Cov(rs, E) = Dy Cov(ea,, ep,DsKs) = D?Ks TAP,s-

For the political risk covariance, only the —DgPse, term in (B.1) is correlated with

€t
Cov(rs,e;) = —DSPSO'Z.

O]

Proof of Theorem 1. The tax rebate is Ag7E = Ag(7* + €,)E = AgT*E + Age, E.
Substituting into the CARA exponent Z; := —vy¢; + n; E:

Zi = —yyilry + 0i(r — rf1)] + mE — YARE €, + const. (B.2)

Since (r, E, e;) are jointly normal, Z; is normal and maximizing E[u,] is equivalent
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to minimizing E[Z;] + §Var(Z;). The FOC with respect to 6; yields

b= LS - 1) + S + v ARE 02 DP),
(2

where we used X, = Cov(r,¢,) = —02DP from Lemma 3.
Aggregating across investors with 77 = %(HG +np) and multiplying both sides by
Yt

920 = (7 —rf1) + 75,5 + YARE 02 DP.

The endogenous quantities are affine in : 7 = R g@ (from Theorem 1(i) and
3), E

Ky = 90s), g = ydiag(D%0aps)0 (from Lemma = y(DP)(DP)6.

Substituting and collecting terms:

[viEr + @ — gijdiag(D2oaps) — YAryoZ(DP)(DP)']0 = R — ry1.

Identifying the bracket as M gives (2.4). Bond market clearing 1’0 = 1 yields
(2.5). O

Proof of Corollary 1

Proof. From (B.2):
Var(Z;) = v*920!%,0; + n?Var(E) — 2vymibiSr e + VA2 E?0% + 292 Aryi E 0.3,
where we used Cov(E, e;) = 0. The FOC 9[E[Z;] + §Var(Z;)]/90; = 0 gives:
—yyi(F = r51) + VY7 5o — YyimiSee + Y ArYiE Srr = 0.

Solving for 6; and substituting ¥,, = —o2DP yields (2.6). The portfolio difference
(2.7) follows since only n; is type-specific. O

Proof of Proposition 1

Proof. From the aggregate FOC (proof of Theorem 1):

T — Tf]- = ’ygzré —NXrp + ’7>‘RE Ypre
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Element-by-element, (Zré)s = Cov(rs,rar), (Xrg)s = Cov(rs, ), (3,7)s = Cov(rs, €7).
This gives (2.8). The beta form follows by dividing each covariance by the corre-

sponding factor variance. O
Corollary 2 (Comparative Statics: Policy).
(a) Tax level 7*.

(i) Ezpected returns Ry are decreasing in 7*, with the brown sector declining
faster: |0Ry/07*| > |0R,/07*| when DyP, > D,P,.

(ii) Expected aggregate emissions E are decreasing in 7*.

(b) Tax uncertainty o2.

(i) The political risk premium \; = YArEo? is increasing in o2.

2 with the brown sector more

(ii) Return variance Var(rs) is increasing in oz,

affected when Dy Py > Dng.
(iii) When Ar < 1, higher o2 shifts capital from brown to green (d,/dc? > 0)

and widens the expected return spread 1, — 4. When Ag = 1, political

uncertainty has no effect on capital allocation.

Proof of Corollary 2

Proof. Part (a). (i) Rs = apsDs where pg := A, — 7°P;. Logarithmic differenti-
ation of Dy = [(1 — a)us/ws] 1=/ gives dD, /O = —%DS, so ORs/OT* =
a(—PsDs+ps 0Dy /07*) = —PyDg < 0. The comparison follows from Dy P, > D4P,.
(ii) E = Y, P,D,K,, so at fixed S: OE/0m* = Y, Ps(0Ds/0T*)K, < 0 since
0D;/0T* < 0.

Part (b). (i) A\r = YArE02, s0 O\, /0% = YArE. (ii) Var(rs) = D%(vs + P202),
so OVar(r,) /002 = D?P?, with D?P? > D2P? when DyP, > DyP,.

(iii) Differentiate the equilibrium condition M6 =R— r¢1 with respect to o2,
treating E = ¢(DP)'0 as endogenous (evaluated at the current equilibrium). Since
R is independent of 02, and dM /o2 = (1 — Ag)j(DP)(DP)’ (the variance con-

tribution yy(DP)(DP)' from ¥, minus the hedging correction yAzy(DP)(DP)"):

— df
Mi
do?

— = dry
= —~(1—-Ag)EDP — 1.
’7( R) dO’%
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Since 1’ % = 0, any zero-sum two-vector is proportional to (1, —1)’, so write % =
T T

ﬁg(jl). Premultiplying by (31)/:

By =21 =) B 20~ Dol
(C) M(5)
The denominator (EI)IM (711) > 0 by positive definiteness. When Az < 1 and
D, P, > Dgpg, the numerator is positive, so 3, > 0, giving dég/do'z > 0> dfy/do?.
When Ag = 1, 8, = 0.
For the return spread: 7, — 7y = (Rp — Ry) — %(p0y — ¢40,). Differentiating and
using dfy/do? = —B,:

d(ry —7g)
do?

(_¢b50 - ¢gﬂo) = g(d’g;‘ QSb) Bo' > 0.

[NRN

Corollary 3 (Comparative Statics: Emission Risks).

(a) Emission—productivity covariance oaps. Higher oaps increases Couv(rs, E)
and amplifies portfolio heterogeneity between green and brown investors without

affecting return variance vs.

(b) Emission intensity variance 0’}239. Since the taz is on expected emission inten-
sity, O’%)S does not enter vs or %,.. However, higher 0'123S increases Var(E) and

the magnitude of the emission risk premium |Ag|.

(c) Aggregate productivity variance 0'124. Higher 0124 increases return covariance

across sectors without affecting emission hedging or political risk hedging chan-

nels.

Proof of Corollary 3

Proof. Part (a). Cov(rs, E) = D2K; 0 ps, so higher oAp,s directly increases this co-
variance. At fixed capital allocation, portfolio heterogeneity g—0p = %E; Y5
increases in the component corresponding to sector s when oaps > 0. Since
Vg = azl + 02175 does not depend on o 4p;, there is no indirect effect through ;.
Part (b). Since the tax is on expected emission intensity, 03, does not enter v,

or . However, Var(E) = Y, D2K20%_, so higher 03, increases |Ag| = 7 Var(E).
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Part (c). 0V/do? = 11/, so 0%,/0c% = D(11')D, giving 9(%,)ss/0c% = D?
and B(Er)gb/(?azl = D,Dy. Since oaps, Yy, and X,r do not depend on % (the

aggregate shock €4 is independent of ep, and €;), these channels are unaffected. [

Proof of Proposition 2
Proof. Write the equilibrium as M@ = R—r;1 with 1’0 = 1. Since 6]%/8@59 = %ege’g
(where e = (1,0)'):

M Clé gég dT’f

iy =2
Since 1/% = 0, write % = 6(_11) Premultlplymg by (_11),3
yly /2
e— W2,

()M

Hence dég/dgbg =¢ < 0and dféb/dqbgi:_ —-£>0, eftablishing part (1).
For parts (2)-(3): 7s = Rs — ¢§‘yc95, where Ry is independent of ¢4. Let p :=
(fl)/ﬁ(_ll) > 0. Expanding u:

/
(1 1 . - _ _ _
= ’Yy( 1) X (_1> + (g + dv) — yii(Dioapg + Dioapp) — YARYoZ(DgPy — DyPy)>.

For the green sector:

Po ¢ _ _L%(l_ %@)

gy _ Ug PgY
2 2 2

=24, —
do, 29

Under condition (2.9), the risk compensation term exceeds the (possibly negative)
hedging corrections, ensuring p > g(¢g+¢b) > %qﬁg. Hence the factor in parentheses
is positive, so dry/d¢, < 0: a decrease in ¢, increases 74. For the brown sector:
dry/dog = %f < 0, so a decrease in ¢4 also increases 7y,
—n — 727
To compare magnitudes, note |dr,/d¢,| = y%g(l - %) and |dry/dog| = %.
The former exceeds the latter if and only if pu > M, which holds under (2.9).

Hence 7, increases more than 7, when ¢, decreases.
For part (3): CI(Z{’T;TQ) = y%g(l - W) > 0 under (2.9), so a decrease in ¢,
narrows the spread. ]
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Proof of Lemma 1 (Welfare Decomposition) We derive the common financial
welfare W(7) from the CARA-normal certainty equivalent.
Under op, =0 and 04ps = 0, emissions £ = E= D os P,D,K, are deterministic.

All investors hold the same portfolio §, and consumption is
c=g[ry+0(r—rs1)] + A\g7 E,
where 7 = 7 + ¢,;. Using 7E = 7E + Ee,:
c—Eld=y0(r—7)+ g Ee,.
The variance is
Var(c) = 520'S,0 + N3 E?0% 4+ 25\gE ' Cov(r, e,),

where Cov(rs,€e,) = —DSPSUE (from the return covariance structure in Section 2).

Since y9'DP = E:
Var(c) = 520'S,0 — Ar(2 — Ar)o2E>.

Expected consumption: using the equilibrium relation 7—r;1 = vg(3,—Ago2(DP)(DP)’)

D

Ele] = gry + §0' (7 — ryl) + Ag7TE
=yry + v7*0'S,.0 — YA\ro2E? + \gTE.

The certainty equivalent ¥ = E[c] — 2Var(c) then gives
9 G - .
U =gry+ 50500 + ArTE + 707 E* [~ Ar + 3AR(2 — Ag)]
—9 B _ B ~
= gr+ %e’zre Y ApTE — %Aﬁing?,
which is (3.3). O

Lemma (Emissions Decreasing in Tax)

Lemma 4. Under the maintained condition Dy(T)P, > Dy(7)P,, the marginal tax

reduces aggregate benchmark emissions: E'(t) < 0 for all T € [0,7), where T :=
ming A,/ P;.
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Proof. Differentiating E(7) =y, P;D4(7)0,(r) and using 3,6, = 0:

E,(T) = QZ _sD;(T)§S(T> +37(Dgpg - Dbpb)élg(T) .

s

extensive (<0)
intensive (<0)

_%Ds(r) < 0 for 7 < 7. For the

extensive margin, the cross-sectional portfolio response solves

The intensive margin is negative: D, (1) =

é;(T) _ gSI(lT)/_ gb(T)
1

)y M(L)

where M is the climate pricing matrix of Section 2, gs = R.(7)— (M), and R.(7) =
—D4(7)P,. The denominator is positive. The direct return effect gives g — Gy =
(DyPy— Dy Py)+O0(ps) with ps := (1—a)Ps/(aAs), where the O(ps) correction arises
from general-equilibrium repricing through M6. Under the maintained condition,
é; > 0: capital flows from brown to green, and the extensive margin reinforces the

intensive margin. O

Proof of Proposition 3 (Ordering of Ideal Tax Rates) From (3.5) and
Lemma 4: W[ (1) — Wg(7) = —@E’(T) > 0 for all 7 € [0, 7).

Case 1: 13 is interior. Then Wg(155) = 0, so Wi (75) > 0. Quasi-concavity of
W¢ implies 75 > 75.

Case 2: 11, = 0 (corner). Here Wg(0) < 0. From single-crossing, W, (0) >
Wg(0), but W/ (0) could be positive or non-positive. If W (0) > 0, then 75 > 0 =
5. I W5(0) <0, then 75 = 0 = 7. Using (3.6), W5 (0) > 0 iff ¥/(0) > " E'(0),
i.e., U(0) + 2 (—E£'(0)) > 0, which is the stated sufficient condition. O

Computation of Equilibrium Derivatives We compute ¥(0), E'(0), ¥"(0),
E"(0) at the no-policy benchmark (7 = 0,0, = 0).

Notation. A superscript © denotes evaluation at 7 = 0:

s
Ws

= 70-0a)/
DO — [“_‘”)A] ., RY=0aA,D% xV=DVDY

0.2
where DV = diag(Dg,Dg) and V = (:S vf) with vy = 04 + 0% ,. The no-policy
A b
pricing matrix is M = X0 + 20 (with ® = diag(¢y, ¢p)); at 02 = 0, this coincides
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with M from the main text. The baseline equilibrium satisfies M9 = RO — r?cl,
10 = 1.

Key derivatives of equilibrium objects at 7 = 0. Define the emission-productivity
ratio ps := (1 — a)Ps/(aA,). Then:

R.(0) = —DP,.

Differentiating the equilibrium system M%9° = RO — 7“531:
M°G'(0) = g — (01, 1'6'(0) = 0, (B.3)
where g := R'(0) — M°0° with M° = —yyD°(diag(ps)V + Vdiag(ps))D°. Solving:
1/(M0)71g

10 = gy 00 =007 [g-rh01].

Marginal emission reduction —E'(0).

_E/(O) = gzpspngég _gZPngéfs(O)a
s s

intensive margin extensive margin

with both terms positive when DY P, > Dgpg (Lemma 4).

Marginal financial benefit ¥'(0). At or = 0: V(1) = yry + gé’&ﬂi—l— ArTE.
Differentiating and using 1'6’(0) = 0:

— — 72 —n/ A = —
W'(0) = 574(0) + 752 6'(0)500° + %90 5000 + ARE°,
4| = —Ddiag(ps)V + Vdiag(ps))D°. The term AgE° is the
marginal rebate benefit; the remaining terms constitute the portfolio distortion cost
fin(0) <0.

where 20 =

Second-order derivatives. The financial curvature —W¥”(0) and emission curvature
E"(0) require second derivatives of the equilibrium, obtained by differentiating (B.4)

once more. The leading contribution to —W¥”(0) is the deadweight loss from tax
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distortion:

—v"(0) > Z DOHO (GE corrections) > 0.

The emission curvature has three components:

S 11— 7S

R R
intensive curvature cross term extensive curvature

E"0) =35> P p2DI2260 —2p,D%,(0)+  D0L(0) ],
S v v

where 6”(0) is obtained from the second differentiation of the equilibrium system.

B.1 Proof of Proposition 4

Define:
e D := —0"(0) + 77%E”(O) > 0: welfare curvature at the politically-weighted
preference;

o D;:=—-V"(0)+ %E”(O) > 0 for ¢ € {G, B}: individual welfare curvatures;
o =:= E'(0)¥"(0) — E"(0)¥'(0) > 0: positive by the ordering 7 > 5.
Positivity of Z. From (3.9), the ideal-point gap satisfies 75 — 75 = (¢ —
nB)E/(yDgDpg). Since ng > np, Dg,Dp > 0 (the regularity assumption), and
78 > 75 (Proposition 3), we conclude = > 0.
Part (a). Write 7" = N/D with N := \IJ'(O)—%EE’(O). Only 75 = Bna+(1—5)nB
depends on 3, with 0ng/08 = ng — np. By the quotient rule:

o (1o —ns) (~E'(0))D - N E"(0)
o v D2 ’

Bxpanding (— 5'(0)) D NE(0) = (—F'(0)) (—0"(0))+ 2 (~ B'(0)) B (0)— W' (0) B (0) +
%’BE’(O)E”(O); the %‘3 terms cancel, leaving E'(0)0”(0) — ¥'(0)E"(0) = Z.

Part (b). With 7 fixed, 75 = 7+ (8 — 1/2)(ng — ns). S0 87*/d(ng — 1) =
(B—1/2) 87* /073, and 7% /dng = Z/(yD?) by the same quotient-rule argument as
in part (a). For the gap: parameterize ng = 7+ An/2, ng =1 —An/2,s0 DgDp =
D — (A%;/(O))Q % with b = E”(0)/(2y). Differentiating in
An yields a numerator E(D?7 +b2An?) /v > 0.

. The gap is

Part (c). Same quotient-rule structure as part (a), differentiating in v with 7/

as the moving part. The numerator becomes —Z—ﬁ[ -], and the identical cancellation
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yields (—E'(0))D+ NE"(0) = —Z. For the gap: the direct effect on 7%, — 7 through
1/~ gives the stated formula.
O

B.2 Computation of Equilibrium Derivatives
We compute ¥’(0), E'(0), ¥”(0), E”(0) at the no-policy benchmark (7 = 0,0, = 0).
Notation. A superscript ¢ denotes evaluation at 7 = 0:

= 70-a)/
DO = l(lo‘)A] , RY=0aA,D% V=DVDY

s
Ws

2
where D = diag(D), D) and V = (vg UA) with v, = 0% + 0% ,. The no-policy

O'i vy
pricing matrix is M° = yyx0 + 20 (with ® = diag(¢y, ¢p)); at 02 = 0, this coincides
with M9 from the main text. The baseline equilibrium satisfies M°0° = RV — 7’?1,
10° = 1.

Key derivatives of equilibrium objects at 7 = 0. Define the emission-productivity
ratio ps := (1 — a)P,/(aA). Then:

D;(O) = —png,
R.(0) = —DYP;.

Differentiating the equilibrium system M%9° = RO — 7“531:
M°0'(0) = g — r(0)1, 1'6'(0) = 0, (B.4)

where g := R'(0) — M°9° with M = —~5D°(diag(ps)V + Vdiag(ps))D°. Solving:
0 = Tamr 0O =00 - rp(0)1] .

Marginal emission reduction —E'(0).

—E'(0) =4 Y Pups D0 + (D) P, — DY P,)6; (0),

extensive margin
intensive margin

with both terms positive when D) P, > Dng (Lemma 4).
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Marginal financial benefit ¥'(0). At or = 0: V(1) = yry + gé’&ﬂi—l— ArTE.
Differentiating and using 1'6’(0) = 0:

— —, 72 —n/ A — —
'(0) = g7 (0) + 757 6/(0)'£06° 4 267 506° 4 AR,

where %0 = %|0 = —D%diag(ps)V + Vdiag(ps))D®. The term ARE° is the
marginal rebate benefit; the remaining terms constitute the portfolio distortion cost

vt (0) < 0.

Second-order derivatives. The financial curvature —¥”(0) and emission curvature
E"(0) require second derivatives of the equilibrium, obtained by differentiating (B.4)
once more. The leading contribution to —W¥”(0) is the deadweight loss from tax

distortion:
(l-a)ay Y, %DS@S + (GE corrections)>0.—¥"(0)>

The emission curvature has three components:

S 11— 7S
—_————

intensive curvature cross term extensive curvature

B'(0) = 5" B[ DI —20,D070)+ DY) ],
S

where 6”(0) is obtained from the second differentiation of the equilibrium system.
The intensive curvature is proportional to (1—2«a)/(1—«): it vanishes at o = 1/2, is
positive for a < 1/2; and negative for o > 1/2. The cross and extensive curvatures
are typically small relative to (—%”(0))vy/n¢q, so the concavity condition D; > 0 and

the positivity Z > 0 are robust across parameter configurations.

B.3 Derivation of the Coordinated Green FOC

We derive the first-order condition (4.3). Consumption is cg = y[rg+(r—rs1)' 6]+

ArTE, so the certainty equivalent is:

W™ = glrs + (7 = 1) bc) + ArmE — 257063, 06 — ”TGE
From (4.2): ggé = 1/55111' Brown investors respond via (4.1): gg%g = —f,’;_lllll.
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Capital allocation K = ¥(f¢ + 0p) satisfies:

K 1_2;111’
0 2 1yt

OE _  PIOK _ YA, Pl P._,P_ =P 1 =P . U P
SO 5o =V gge = gAv™, where Av' == v v 1 with v* := 1,2}11 .

Differentiating Wg’ord with respect to 6g:

v52(1 —1'6¢)

y(r —rel) +

1— 425,00 + ()\RT - W) Y AP = 0.
v ) 2
This is (4.3). O

B.4 Proof of Theorem 3

(i). Part (i): Portfolio scale. Multiply the FOC (4.3) by 1’2 1. The emission
term vanishes: 1S, 1Av? = 1571 (vP —5F1) = 0 by definition of o*. Using r;(0g)
from (4.2):

gUS HF —rl) = v5%(2 — 10c).
Combined with the remaining terms:
154 (2 = V06) — 45"V +9° (1 — 1'06) = 5°(3 - 31'0c) =0,
which gives 1’65 = 1. O

(ii). Part (ii): Corner solution. When 65, = 0 binds, the FOC in 6g,
contains the emission term (A7 — "TG)gAvg]D . Since Avf < 0 (green has lower
emission intensity than the precision-weighted average), this term is positive when
NG > YART, pushing toward higher g ,. As ng — oo, satisfying the FOC requires
0c,g — oo, implying 1’0 > 1: green investors borrow to finance green investment.
The threshold 7g is determined by the parameter values at which the interior solu-

tion first yields 6, , = 0. O
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B.5 Derivation of the Risk Wedge

From the green FOC (4.3), dividing by ¥:
. _ vy(1—-10g) 1 < nc) P
—rfl) — X0+ —————"1+ - [ AgT— — ) Av" =0.
(r—r¢l) —vy%, g s 2 RT 5 v

The brown FOC gives (7 —rf1) = vyX,0p. Subtracting, and using 1’65, =1 (so the

interest rate term vanishes):
1
—vyX,(0g — 0B) + B ()\RT — 77,},G> AvP = 0.
Solving for £ — &g = y(0a — 0B):

1
o—tp— L x (Am - ”G) N
2y ¥

which is (4.5). O

B.6 Proof of Proposition 5 (Inefficiency)

Efficient risk sharing requires equal exposure to aggregate consumption risk: &g =
¢p (equation (4.4)). Under the stated conditions, equation (4.5) implies {¢ # £p:
the term (AT — 7776') is nonzero (since g # YAgT), and X, *Av? #£ 0 (since D, P, #
Dy P, implies AvP # 0, and ¥, is positive definite). The planner could improve
welfare by maintaining the same capital allocation while redistributing consumption

risk to equalize exposures. O

B.7 Proof of Efficient Risk Sharing (Equation 4.4)

With CARA utility, the planner optimizes state by state. For each realization of

aggregate consumption C' and emissions E (deterministic), the planner solves:

max wg(—ewa‘L"GE) +wp(—e 7F) st. cg+cep=C.
CG,CB
The first-order condition is wgye 76 16E = 4y pye1°8 . Taking logs: In(wg/wp) —
vea + ngE = —yep. Using the constraint cg = C — ¢
In(wg/wp) +n16E | C

= s — C - .
ca 2y + 5 cB cG

46



Hence c is linear in C' with slope 1/2. Since E is deterministic, the environmental
term enters the intercept, not the risk loading. Defining a; := E[¢;], we have ¢; =
a; + %(C — C) for i € {G, B}. Both groups bear equal consumption risk. O

B.8 Proof of Theorem 4 (Efficiency with Swaps)

Augment the market with a return swap paying (ry — ) per dollar of position.
Let ¢; denote investor i’s swap position and ps the swap price. Each investor’s risk
exposure is & = y0; + ¢;e, where e := (1, —1)".
The brown atomistic investor’s FOC for ¢p:
p
evEép = =
2
The coordinated green bloc’s FOC for ¢ (noting ¢ does not affect capital alloca-
tion or emissions):

p
6’727{0 = ES

Both have identical right-hand sides. Subtracting: €'Y, ({g — {g) = 0. Combined
with bond market clearing (1'(é¢—£&g) = 0, since 1’0 +1'0p = 2 and ¢g+¢p = 0),
we have two independent linear equations. Since ., is positive definite and e, 1 are
linearly independent, the unique solution is (g = £p. Consumption therefore takes
the form ¢; = a; + (C — C), matching the planner’s optimal risk sharing (4.4).
With equal risk exposure, capital allocation is determined by the green bloc’s
equity choice, which solves the same problem as the social planner (for welfare

weights determined by equilibrium prices), establishing Pareto efficiency. O
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