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Abstract

We introduce investors with preferences for green assets to a general equilibrium setting in which

they also prefer consuming green goods. Their preference for green goods induces consumption

premia on expected returns, which counterbalance the green premium stemming from their pref-

erences for green assets. Because they provide a hedge when green goods become expensive,

brown assets command lower consumption premia, while green investors allocate a larger share

of their portfolios toward them. Empirically, the green-minus-brown consumption-premia dif-

ferential reached 80 basis points annually, and contributes to explaining the limited impact of

green investing on the cost of capital of polluting firms.
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1 Introduction

The same proportion of U.S. individual investors surveyed by the Morgan Stanley Institute for Sus-

tainable Investing (2019), namely, 33% of them, declare both that they “screen their investments

according to their interests and values” and “purchase from a brand particularly because of the

company’s environmental or social impact.” This survey suggests that the ethical motives underpin-

ning green investors’ capital allocation decisions (Riedl and Smeets, 2017; Hartzmark and Sussman,

2019; Krüger et al., 2020) are also—at least partly—reflected in their consumption practices.

Recent research has characterized a green premium on expected asset returns, which is induced

by pro-environmental investment preferences (Pástor et al., 2021; Pedersen et al., 2021; Zerbib,

2022). This premium is higher on brown assets than green assets because green investors require

a higher expected return to hold the assets they dislike in equilibrium. The existence of a green

premium is of major importance, especially for investors willing to have an impact on corporate

practices, because it can incentivize companies to mitigate their environmental footprints so as

to decrease their cost of capital. However, the literature is silent on the e↵ects of preferences for

green consumption. How do pro-environmental preferences for consumption translate into invest-

ment decisions and expected returns? How do they interact with pro-environmental preferences

for investment? Answering these questions is key to understanding whether the impact of green

investors—once their preferences for green consumption is taken into account—on the cost of cap-

ital of companies can be an e↵ective channel for prompting them to reduce their environmental

footprints.

In this paper, we address these questions by building a general equilibrium model that features

a green and a neutral investor, as well as a green and a brown equity asset that produce a green and

a brown consumption good, respectively. The green investor has preferences toward both investing

in the green asset and consuming the green good, while the neutral investor has no preferences for

tilting his investment portfolio or consumption basket. We show that the green investor’s preference

for consuming the green good gives rise to consumption premia on expected returns.1 Because the

brown asset has higher payo↵s when the green good becomes expensive, it o↵ers a good hedge

for the green investor, and thus, commands lower consumption premia than the green asset in

equilibrium, as detailed below. These consumption premia counterbalance the green premium that

stems from the green investor’s preference for the green asset. This e↵ect on expected returns arises

as the green investor allocates a larger share of her wealth to the brown asset compared to the case

with no preferences for green consumption. Empirically as well as in the model, the impact can

1An equivalent term, closer to the terminology in asset pricing, is hedging premia.
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o↵set a large part of the green premium.

Consumption premia are primarily related to the relative supply of di↵erent consumption goods

in the economy. Specifically, the main e↵ect is driven by the willingness of the green investor to

hedge against a decline in the relative supply of the green good or, equivalently, an increase in its

relative price.2 This risk may materialize as a result of the election of a new government (e.g., the

withdrawal from the Paris climate agreement, the repeal of the Clean Power Act, and the suspension

of federal subsidies to the renewable energy sector following the election of Donald Trump in the

U.S. in 2017), a contraction of international trade (e.g., the 300% increase in the price of silicon—an

essential component of solar panels, mostly produced by China—between August 2021 and October

2021 due to the Covid-19 crisis), the outbreak of an armed conflict (e.g., the increase in the share of

coal in electricity production in Germany following the restrictions imposed on Russian gas imports

since March 2022), or global energy shortages and the fear of an economic slump (e.g., the increase

in coal production in China by 10% in the first two months of 2022 compared with the same period

in 2021).

The intuition is as follows. When the green good becomes scarcer (equivalently, when its price

increases), the satisfaction of the average investor in the economy decreases because she wants to

consume more of that good but cannot.3 In other words, her marginal value of wealth is large

and she values a lot an asset that pays in these conditions. Coincidentally, in those situations, the

relative payo↵s of the brown asset also increase, while those of the green asset decrease. This e↵ect

occurs because the decrease in the relative supply of the green good is only partially compensated

by the increase in its price, provided that the elasticity of substitution between the goods is not too

low (specifically, greater than one), as suggested by empirical evidence (Papageorgiou et al., 2017).

As a result, the brown asset is a good hedge against the adverse event that the green good becomes

scarcer (or its price increases), while the green asset is a poor hedge against these situations.

Therefore, in equilibrium, the green asset is riskier from this perspective and commands larger

consumption premia than the brown asset. This stems from the combination of a positive price

of relative-supply risk and a larger loading of the green asset on this risk. For the same financial

hedging reasons, the green investor also keeps more of her wealth invested in the brown asset than

she would without green consumption motives because the brown asset comoves positively with the

price of the green good that she favors.

2A second e↵ect comes from the desire of investors to hedge movements in their relative wealth. This e↵ect is,
however, quantitatively small both in the model and empirically. Therefore, we mostly abstract from it in our main
analysis.

3The consumption preferences for the average investor in the economy are tilted toward the green good because
the green investor prefers the green good, while the neutral investor has equal preferences for green and brown goods.
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Methodologically, we build a general equilibrium model with multiple heterogeneous agents,

multiple equity assets, multiple consumption goods, and general preferences. Specifically, we aug-

ment the setting in Sauzet (2022a) to embed preferences for specific assets, in the spirit of Pástor

et al. (2021), Pedersen et al. (2021), and Zerbib (2022). This setup allows us to (i) derive explicit

expressions for risk premia, portfolios, and other variables; (ii) study these variables not only on

average but also in their dynamic evolution with the state of the economy, which is a key aspect in

our analysis; and (iii) highlight the significant impact of various parameters such as the elasticity

of substitution across goods, preference for green consumption, and preference for green investing.

Each of those advances is made possible by the unique combination of general preferences, the use

of continuous time, and a global solution method.

We then provide empirical evidence supporting the existence of consumption premia in U.S.

stock returns. Empirically as well as in the model, the di↵erence in consumption premia between

the greenest and brownest companies has reached from 40 basis points (bps) to up to 80 bps

annually in recent years. This counterbalances and o↵sets a substantial part of the green premium

that has been estimated in the recent literature (Pástor et al., 2022; Zerbib, 2022).

In more details, we test these predictions by estimating the beta-representation implied by the

model for risk premia. We focus on the consumption premium driven by the relative supply of

green goods, using U.S. common stocks from 2007 to 2019 at a monthly frequency.4 We construct

the factor associated with the relative supply of green goods at a granular 6-digit-NAICS industry

level, based on the monthly Industrial Production and Capacity Utilization Indices from the Federal

Reserve (publication G17). This factor is defined as the di↵erence in supply changes between

the greenest and brownest industries’ terciles over the last two quarters, to account for the fact

that macroeconomic data can take a while to a↵ect asset markets. We measure the greenness of

companies using two di↵erent measures: environmental ratings and carbon intensities provided by

MSCI and S&P–Trucost, respectively. To capture and control for the preferences of investors for

green assets, we include the green premium in the estimation by building a green factor, which is

the portfolio taking a long position on the tercile of greenest companies and shorting the tercile of

brownest ones (Pástor et al., 2022). We also control for the five Fama and French (2015) factors

and the momentum factor (Carhart, 1997), as is standard.

Through four main results, we confirm the predictions of our asset pricing model regarding

the risk of changes in the relative supply of green goods. First, across all specifications, the price

of this risk is positive and highly significant, with t-statistics above four, five, or more in most

4We end the analysis in December 2019 to avoid the major disruptions to production and other variables caused
by the Covid pandemic.
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specifications. Second, we confirm that the betas on relative-supply risks are lower for brown

stocks than for green stocks across all months, emphasizing that brown assets provide a better

hedge against situations with decreasing relative supply (or equivalently, increasing relative prices)

of the green goods. Third, as a result, the consumption premium has gradually increased for the

tercile of greenest assets with respect to the tercile of brownest assets to reach a spread of 80 bps per

year, thereby substantially counterbalancing the green premium.5 In short, green assets are riskier

than brown assets from the perspective of consumption premia, as implied by the model. Fourth,

irrespective of their environmental ratings, the di↵erence in consumption premium between assets

with betas in the top tercile and those with betas in the bottom tercile beta is substantial: assets

that can hedge shocks to the relative supply of green goods carry lower returns of up to 1.56%

annually. Finally, we perform robustness checks using changes in producer price indices from the

Bureau of Labor Statistics to construct the consumption factor as opposed to relative supply, and

we find equivalently that the price of risk for this factor is negative and highly significant. We also

verify that focusing on a more recent sample (2012–2019), consistent with Pástor et al. (2022), does

not change our results and even reinforces them.

The results in this paper have implications not only for asset pricing, but also in terms of the real

impact of sustainable investing. Through their preferences for green goods, green investors reduce

their upward pressure on the cost of capital of polluting firms. Therefore, consumption premia help

explain the low impact of green investing on mitigating the environmental footprints of companies

through the cost of capital channel, as suggested by the literature (Berk and van Binsbergen, 2021;

De Angelis et al., 2023). Instead, the preference of investors for green consumption makes the case

for a stronger focus on shareholder engagement to impact companies’ practices for two reasons: by

allocating a larger share of their wealth to brown assets, green investors (i) reduce their impact on

the cost of capital of brown firms, and simultaneously, (ii) increase their ability to actively engage

with them. We briefly discuss the broader implications of these results as well as potential tools

available to policymakers to counteract the e↵ects of comsumption premia in Section 5.

Related literature. This paper contributes to several strands of the literature in asset pricing

and sustainable finance. First, this is the first paper that studies the e↵ects that investors’ pref-

erences toward sustainable consumption have on asset prices and investors’ asset allocation. The

construction of a general equilibrium model allows us to uncover these e↵ects. From a theoretical

5This baseline result focuses on NAICS codes 1 (Agriculture, Forestry, Fishing and Hunting), 2 (Mining, Quarrying,
and Oil and Gas Extraction, Utilities, Construction) and 3 (Manufacturing), which encompass sectors that produce
goods and are therefore most consistent with our model. However, the result also holds when we include NAICS 4
(Wholesale Trade, Retail Trade, Transportation and Warehousing).

4



viewpoint, Pástor et al. (2021), Pedersen et al. (2021), and Zerbib (2022) characterize the green

premium driven by investors’ preferences for green assets in equilibrium on financial markets. This

premium is higher on brown assets than on green assets, and corresponds to the compensation

required by sustainable investors for holding the assets they like least. Empirical evidence supports

the existence of a green premium that is higher on the stock returns of the carbon-intensive com-

panies (Bolton and Kacperczyk, 2021, 2022), polluting companies (Hsu et al., 2022), companies

most exposed to climate change risk (Bansal et al., 2016; Barnett, 2022), and least held by green

funds (Zerbib, 2022) than on the stock returns of green companies. A similar e↵ect is documented

on the cost of equity (ElGhoul et al., 2011; Chava, 2014), expected returns approximated from

option-implied information (Sautner et al., 2022), bond yields (Chava, 2014; Baker et al., 2018;

Zerbib, 2019; Painter, 2020; Goldsmith-Pinkham et al., 2021; Huynh and Xia, 2021; Seltzer et al.,

2022), venture capital funds (Barber et al., 2021), and real estate prices (Bernstein et al., 2019;

Baldauf et al., 2020; Giglio et al., 2021). However, opposite e↵ects can emerge in a dynamic set-

ting: the cost of capital of green firms may increase because investors’ preferences for green assets

reduce asset price informativeness (Goldstein et al., 2021) or as a result of shocks on preferences

for green assets (Avramov et al., 2021). In addition, performing empirical analyses on more recent

time frames, Ardia et al. (2021) and Pástor et al. (2022) find higher green premia on the greenest

stock returns driven by recent capital inflows, reflecting changes in investors’ preferences in a tran-

sitory phase. Lontzek et al. (2023) study disagreement about climate risks and report a similar

e↵ect on the relative prices of green versus brown stocks when investors update their perception

of climate risk upwards. Likewise, Zhang (2021) suggests that brown-minus-green returns turn

negative in the U.S. and insignificant globally once accounting for the fact that carbon emissions

embed forward-looking information about firm performance. Distinct from the work on the green

premium, Albuquerque et al. (2019) show that green assets have lower systemic risk than brown

assets and that this e↵ect is stronger for firms with high product di↵erentiation, and Campbell and

Martin (2023) study how much consumption can be sustained in the long run in a risky world.

Another body of the literature on sustainable asset pricing studies the impact of climate risks on

asset prices (e.g., Hong et al., 2019; Alok et al., 2020; De Angelis et al., 2023). Notably, a couple of

recent papers analyze climate-related financial risks in general equilibrium. Barnett (2022) shows

that the price of climate risk is significantly negative, particularly driven by the risk of transition to

a low-carbon economy. Hambel et al. (2022) highlight that investors’ willingness to diversify their

assets complements the attempt to mitigate economic damages from climate change in the short

run, while in the longer run, a trade-o↵ between diversification and climate action emerges. Baker

et al. (2022) show that green investors may want to overinvest in brown assets because they provide

a hedge against the pollution-related financial risks of their portfolios. This channel could com-
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plement our mechanism, which instead focuses on the e↵ect of green consumption via the relative

prices of goods, in a multi-good economy. Engle et al. (2020) and Alekseev et al. (2021) propose

portfolio construction methods that allow to e�ciently hedge these climate risks. In this paper, we

depart from the asset pricing literature on the impact and hedging of environmental risks, and we

focus on the preferences of green investors for green consumption by constructing a two-investor,

two-tree, two-good general equilibrium model with heterogeneous preferences for investment and

consumption. We provide the first theoretical and empirical evidence for the existence of significant

consumption premia that counterbalance the e↵ect of the green premium on asset returns. In a

recent subsequent paper, Chen et al. (2023) propose a similar idea in a setting with a representative

investor and habit in consumption. The authors concentrate more specifically on the role of the

elasticity of substitution across goods—something that our framework allows but that is not our

central focus. Notably, they show that the e↵ect on risk premia is concentrated on sectors with

high elasticity of substitution across goods, which is consistent with our baseline calibration. In

contrast, we build a setup with heterogenous investors that allows us to elucidate and discuss risk

premia as well as portfolio choices. We also embed preferences for green assets so as to compare our

novel mechanism with the green premium that has been documented in the literature. In addition,

we test the model by building the new factor implied by our theoretical results and estimating its

pricing abilities. Overall, despite di↵erent approaches, their findings are consistent with the sign

and magnitude of our consumption premia, which further emphasizes that green consumption is

indeed an important channel to account for.

Second, this paper contributes more broadly to the literature on theoretical general equilibrium

asset pricing with multiple heterogeneous agents, multiple equity assets, multiple consumption

goods, and general preferences, such as recently developed in Sauzet (2022a,b). This framework, in

turn, combines models with multiple agents—they have a long and distinguished history since the

seminal contributions of Dumas (1989, 1992), Wang (1996), Basak and Cuoco (1998), Dumas et al.

(2000), Dumas and Uppal (2001), Chan and Kogan (2002), and more recently Brunnermeier and

Pedersen (2009), Weinbaum (2009), Bhamra and Uppal (2009, 2014), Brunnermeier and Sannikov

(2014), Gârleanu and Pedersen (2011), Chabakauri (2013), Gârleanu and Panageas (2015), Drech-

sler et al. (2018), Borovička (2020)—with settings with multiple equity securities but one investor

such as Cochrane et al. (2008), Martin (2013), and two consumption goods (Fang, 2019). In other

words, the framework generalizes the contributions of Zapatero (1995), Pavlova and Rigobon (2007,

2008, 2010), Martin (2011), Stathopoulos (2017), to non-log preferences, and a general aggregation

of goods. The unique combination of general preferences, the use of continuous time, and a global

solution method, is key in allowing us to derive most of our results. To this literature, we also

add the preferences for specific assets: in our case, the green investor prefers the green asset, a
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central element in the sustainable asset pricing literature. Our formulation of this asset preference

is general and could be used in other contexts. The framework in this paper can also be extended

along several directions. For instance, Sauzet (2024) studies what happens when investors can only

invest through index funds or financial intermediaries, which can impede the transmission of their

preferences to asset prices. We explore various related avenues in ongoing work, such as stochastic

demand and production.6

This paper also contributes to the literature on environmental and ecological economics. Specif-

ically, using two goods to capture green and brown consumption is in the spirit of Guesnerie (2004),

Hoel and Sterner (2007), Sterner and Persson (2008), Gollier (2010), Traeger (2011), Barro and

Misra (2016), and Gollier (2019), in which the two goods are taken to represent aggregate economic

capital (physical capital, labor, scientific knowledge, etc.) on the one hand, and various ecosystem

services generated by natural capital on the other. While most of these contributions are based on

a representative agent or social planner, we bring this intuition to a general equilibrium economy

with several investors. The investors are heterogenous in their (general) preferences for consump-

tion and investment, and we solve for the decentralized equilibrium, which allows a meaningful

discussion of portfolios, in addition to risk premia, and other variables. Broadly speaking, our

study is also related to contributions in environmental macroeconomics such as Pindyck and Wang

(2013), Golosov et al. (2014), Cai and Lontzek (2019), van den Bremer and van der Ploeg (2021)

on the theoretical side, and Papageorgiou et al. (2017) on the empirical side.

Fourth, and importantly, this paper contributes to the literature on impact investing. Building

on the seminal paper by Heinkel et al. (2001), De Angelis et al. (2023) find that the increase in the

cost of capital driven by green investing has a limited impact on the practices of the most polluting

companies. This conclusion is consistent with Berk and van Binsbergen (2021) who show that the

e↵ect of impact investing on the cost of capital is too small to meaningfully a↵ect real investment

decisions. However, Hakenes and Schliephake (2023) show that this positive impact could be re-

inforced when agents combine responsible consumption and investment. In addition, through two

di↵erent approaches, Oehmke and Opp (2024) and Green and Roth (2024) emphasize the impor-

tance of investor coordination to finance the companies that need it most and increase their impact

on the economy as a whole. In addition, Landier and Lovo (2023) highlight the e↵ects of search

frictions in capital markets, which increase the impact of investors on corporate practices. From an

6On the theoretical front, our study is also related to contributions introducing recursive preferences in continuous-
time, for example, Du�e and Epstein (1992), and contributions focusing on the existence and uniqueness of equilibria
in the presence of multiple agents, and possibly multiple goods and incomplete markets, for example, Polemarchakis
(1988), Geanakoplos and Polemarchakis (1986), Geanakoplos and Mas-Colell (1989), Geanakoplos (1990), Du�e et al.
(1994), Berrada et al. (2007), Anderson and Raimondo (2008), Hugonnier et al. (2012a,b), Ehling and Heyerdahl-
Larsen (2015, 2017).
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impact perspective, Broccardo et al. (2020) suggest that in most cases, shareholder engagement is

more e↵ective than the e↵ect of sustainable investors’ asset allocation on companies’ cost of capital.

This paper reinforces that suggestion for a di↵erent reason: green investors’ preferences for green

goods weaken the cost of capital channel via the consumption premia and increase the allocation

of green investors toward the brownest companies, which are the preferred targets for shareholder

engagement campaigns.

Outline. The paper is organized as follows. Section 2 describes the set-up of the economy and

introduces the two state variables that drive economic mechanisms—the wealth share of the green

investor and the relative supply of the green good. Section 3 revisits the impact of green investors on

asset prices when they also have preferences for green goods. Section 4 provides empirical evidence

supporting our findings. Section 5 discusses the results in light of impact investing challenges and

Section 6 concludes. Proofs and additional material are provided in Appendix.

2 The Economy

This section presents the theoretical setup. We introduce a pure-exchange economy with a green

and a neutral investor (i P tG,Nu), and a green and a brown tree (j P tg, bu). The trees produce

di↵erentiated green and brown goods, respectively, and are traded as equity assets à la Lucas

(1978). The green investor has preferences not only for investing in the green asset (Pástor et al.,

2021; Pedersen et al., 2021; Zerbib, 2022), but also for consuming the green good (Sauzet, 2022a).

We show that the equilibrium can be characterized as a function of two state variables: the relative

wealth of the green investor, xt, and the relative supply of the green good, yt. The setup is

summarized in Figure B.1 of the Appendix. Appendix A gathers additional results that are omitted

in the main text.

Time is continuous and the horizon is infinite, t P r0,8q. Uncertainty is represented by a

probability space p⌦,F , F , P q supporting a two-dimensional Brownian motion ~Z ” pZg, ZbqT P R2.

The filtration F “ pFtqtPr0,8q is the usual augmentation of the filtration generated by the Brownian

motions, and F ” F8.
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2.1 Endowments, prices, assets

The two trees produce di↵erentiated, green and brown, goods. Their outputs follow geometric

Brownian motions

dYj,t

Yj,t
“ µYj

dt ` �
J
Yj
d~Zt, j P tg, bu.

The prices of the green and brown goods are pg,t and pb,t, respectively. We also define the terms

of trade qt ” pg,t{pb,t, which is the relative price of the green good, and the real exchange rate

Et ” P
G
t {PN

t , which is the relative price of the consumption basket of the green investor. All prices

are defined with respect to a numéraire taken to be a CES-basket with weight a “ 1{2 on both

goods, as is standard, for instance, in the international finance literature.7

The green and brown trees are traded as equity assets, with returns given by

dRj,t “ dQj,t

Qj,t

` pj,tYj,t

Qj,t

dt “ d ppj,tYj,t{Fj,tq
pj,tYj,t{Fj,t

` Fj,tdt ” µj,tdt ` �
T

j,td
~Zt, j P tg, bu, (1)

where Qj,t are the equity prices, and Fj,t ” pj,tYj,t{Qj,t are the dividend yields, for both assets.

Drifts µj,t, which measure conditional expected returns, and di↵usion terms �j,t, which measure the

loadings on the shocks and, therefore, the conditional volatilities, are obtained from Itô’s Lemma

and given in Appendix A.

The supply of each equity asset is normalized to unity, and there also exists a bond in net

zero supply, which is locally riskless in units of numéraire. Its price is Bt, and the corresponding

instantaneous interest rate is rt, so that dBt{Bt “ rtdt.

2.2 Preferences

Investors have recursive preferences à la Du�e and Epstein (1992) that are defined over consump-

tion, but also over the weights on each asset in their portfolios, wi. Specifically, for the green and

7Specifically, we normalize
”
p1{2qp1´✓

g,t
` p1{2qp1´✓

b,t

ı1{p1´✓q
to unity.
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neutral investors, i P tG,Nu,

V
i

t “ max
tCi

g,u,C
i

b,u
,wi

g,u,w
i

b,u
u8
u“t

Et

„ª 8

t

f
i

´
C

i

u, V
i

u,w
i
u

¯
du

⇢
(2)

f
ipC, V,wq ”

ˆ
1 ´ �

1 ´ 1{ 

˙
V

»

–
˜

C

rp1 ´ �qV s1{p1´�q

¸1´1{ 
´ ⇢` �ipwq

fi

fl

where � is the coe�cient of relative risk aversion,  is the elasticity of intertemporal substitution

(EIS), and ⇢ is the discount rate.

Recursive preferences are relevant for three reasons. First, contrary to the case with log utility,

investors are not myopic and hedging terms arise, which are important drivers of risk premia and

portfolios. Second, the coe�cient of relative risk aversion is not equal to the reciprocal of the

EIS,  ‰ 1{�, which matters quantitatively to obtain risk premia that are closer to their empirical

counterparts as well as for the quantitative impact of a potential tax on brown assets as discussed in

Section 5. In addition, it leads the wealth share of the green investor to be a separate state variable,

which is interesting from the perspective of comparing the model to the existing literature. Third,

and relatedly, recursive preferences make it possible to obtain not only plausible risk premia, µj,t´rt,

but also a reasonable riskfree rate, rt.8 This turns out to be important in this context so that the

di↵erential impact on risk premia for green and brown assets is not dwarfed by the magntiude of

rt, and can therefore meaningfully impact discount rates. This aspect has not been emphasized in

the sustainable asset pricing literature so far, and is discussed in Section 3.2.

In what follows, parameters �,  , ⇢ are taken to be identical for both investors. However,

the resolution allows for any value so that exploring additional asymmetries stemming from these

parameters could be an interesting avenue for future work.

The green investor expresses her pro-environmental motives, in part, by displaying a preference

toward the green asset. In this general equilibrium context, we introduce it as functions of the

portfolio weights for both investors, �ipwq, where wi
t ”

´
w

i
g,t, w

i

b,t

¯
, and w

i
g,t (w

i

b,t
) is the share of

wealth on the green (brown) asset in the portfolio of investor i P tG,Nu. Specifically, we take9

�ipwiq ” p1 ´ 1{ q
`
w

i

g�
i

g ` w
i

b
�
i

b

˘
(3)

8This relates to the well-known “risk-free rate puzzle” (Weil, 1989), which comes as a flip side to the “equity
premium puzzle” (Mehra and Prescott, 1985), in a world with CRRA preferences. Historically, it constitutes one of
the reasons why recursive preferences were introduced in the literature.

9The p1 ´ 1{ q factor serves purely as a normalization so that parameter � drives the green premium like in the
literature (cf. Section 3.2).
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Parameter �Gg ” � ° 0 captures the additional value that the green investor derives from

holding the green asset, in the spirit of Pástor et al. (2021) and Zerbib (2022). Without loss of

generality, we assume that the neutral investor has no preference for the green asset (�Ng “ 0), and

that neither investors have preferences for the brown asset (�G
b

“ �
N

b
“ 0). In Section 3, we show

that the preference of the green investor for the green asset gives rise to a green premium reducing

the expected return on the green asset.

In terms of consumption, the basket of each investor is composed of the green and brown goods,

which are combined according to an aggregator with constant elasticity of substitution ✓, and bias

in consumption ↵i,

C
i

t “
„
↵
i
1
✓C

i
✓´1
✓

g,t
` p1 ´ ↵

iq 1
✓C

i
✓´1
✓

b,t

⇢ ✓

✓´1

(4)

While the neutral investor has no particular preference toward any of the goods (↵N “ 1{2), the
green investor also expresses her pro-environmental preferences by tilting her consumption toward

the green good (↵G ° 1{2). This preference for green consumption is the key novel element in this

paper. In the theoretical characterization of Section 3, we show that it underpins large consumption

premia on expected returns that can o↵set a substantial share of the green premium stemming from

green asset preferences.

Allowing for a general elasticity of substitution across goods, ✓, is also important because its

value determines the relative magnitude of the movement in the relative price of the goods for

a given shock to relative supply. In turn, this relative magnitude governs the movements in the

relative dividends of the two assets, and ultimately the tilt in portfolios and consumption premia.10

From the share of wealth that investors allocate to the green and brown equity assets, wi
g,t, w

i

b,t
,

they earn expected returns µg,t, µb,t. They allocate the remainder of their wealth (1´w
i
g,t ´w

i

b,t
) to

the riskless bond. They use the proceeds of their investments to purchase their desired baskets of

consumption c
i
t ” C

i
t{W i

t , at price P
i
t . In other words, investors i P tG,Nu choose their consumption

and portfolios to maximize (2) subject to the following budget constraint

dW
i
t

W
i
t

“
`
rt ` w

i

g,t pµg,t ´ rtq ` w
i

b,t
pµb,t ´ rtq ´ P

i

t c
i

t

˘
dt (5)

`
`
w

i

g,t�g,t ` w
i

b,t
�b,t

˘T
d~Zt

10For instance, the common Cobb-Douglas case (✓ “ 1) leads the relative price of the goods to move exactly enough
to compensate relative supply so that relative dividends are una↵ected. The relative payo↵s of the two assets can then
be perfectly correlated, and the portfolio choice between them indeterminate, at least without additional preferences
for specific assets. Empirically, ✓ ° 1, which will drive the direction of the hedging terms as discussed in Section 3.

11



To complete the definition of their optimization problems, investors are subject to a standard

transversality condition, and W
i

0 is given. Note also that W i
t • 0.

The framework also allows for additional ingredients such as taxes on the dividends of each

asset. This extension is discussed in Section 5.

2.3 Equilibrium and state variables

The definition of the equilibrium is standard: (1) investors solve their optimization problems by

taking aggregate stochastic processes as given, and (2) goods and equity markets clear. The detailed

definition of the equilibrium is given in Appendix A.4. The bond market clears by Walras’s law,

which gives rise to the following useful relationship: WG
t `W

N
t “ Qg,t`Qb,t. In words, total wealth

has to be held in the form of the two equity assets in aggregate.

Stationary recursive Markovian equilibrium. Most importantly, the equilibrium can be

recast as a stationary recursive Markovian equilibrium in which all variables of interest are expressed

as a function of a pair of state variables Xt ” pxt, ytq1, whose dynamics are also solely a function of

Xt. xt is the wealth share of the green investor, and yt is the relative supply of the green good.11

Both are defined below.

The characterization of the solution as a system of coupled algebraic and second-order partial

di↵erential equations is the focus of Section 3. For now, let us discuss the intuition behind both

state variables. Note that an additional variable, which is not a state variable per se but is useful

throughout, is w
M
g,t, the ratio of the green equity price to total wealth. It captures the weight of

the green asset in the market portfolio, and it can be shown that12

w
M

g,t ” Qg,t

Qg,t ` Qb,t

“
ˆ
1 `

ˆ
Fg,t

Fb,t

˙
q

´1
t

ˆ
1 ´ yt

yt

˙˙´1

. (6)

Wealth share. The wealth share of the green investor is defined as

xt ” W
G
t

W
G
t

` W
N
t

. (7)

11Formally, this is shown using a guess and verify approach like, for example, in Gârleanu and Panageas (2015).
The variables of interest are: tcGg,t, cGb,t, cNg,t, cNb,t, wG

g,t, w
G

b,t, w
N

g,t, w
G

b,t, µRg,t, µRb,t, rt, Fg,t, Fb,t, pg,t, pb,t, P
G

t , PN

t ,
qt, Etu.

12Because the bond is in zero net supply, the weight of the brown asset in the market portfolio is wM

b,t “ 1 ´ wM

g,t

in equilibrium.
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In this setting, the wealth share is neither constant nor solely a monotonic function of the

current relative supply of the green good, yt. It is therefore required as an additional state variable

even when risk sharing is perfect (e.g., even when there are no taxes on dividends). This occurs

because preferences are recursive, and due to the fundamental heterogeneity stemming from the

green investor’s bias toward consuming and investing green.

Relative supply. The relative supply of the green good captures the e↵ect of current fundamen-

tals and is defined as

yt ” Yg,t

Yg,t ` Yb,t
. (8)

The relative supply is a key driver of the marginal values of wealth of both investors due to

their desire to consume both goods, which stems from their CES consumption baskets.13 This is

particularly true for the green investor who has a strong willingness to consume more green goods,

as discussed in Section 3. For the same reason, we show in Section 3 that the relative supply is

also the main driver of the relative price of the green good, qt, and therefore, of the relative price

of the consumption basket of the green investor, Et.

As discussed in introduction, a decline in the relative supply of green goods or, equivalently,

an increase in their relative prices, may result from a variety of political and economic risk factors

such as energy shortages, a contraction of international trade, the election of a new government, or

the outbreak of an armed conflict.

Note that becauseW i
t • 0 and Yj,t • 0, xt and yt are both evolving in the bounded interval r0, 1s.

This has the advantage that solving for unknown functions on a bounded domain is numerically

more stable. Conceptually, as xt gets closer to either of the boundaries, the economy converges

(continuously) to a natural one-investor environment. As yt gets closer to either of the boundaries,

the economy converges to a one-good one-equity asset economy, but this has consequences in terms

of marginal values of wealth as the investors still want to consume both goods.

Throughout, we focus on the solution to the decentralized, that is, Radner equilibrium instead

of relying on the social planner’s problem. The existence and uniqueness of the equilibrium should

be guaranteed, for instance, following the work of Du�e and Epstein (1992), who use partial

di↵erential equation techniques to prove them in an infinite-horizon Markov di↵usion setting with

13Note that the ratio involves quantities of the two di↵erent goods. This poses no particular theoretical issue and
is used because it simplifies the characterization of the equilibrium. This definition is a monotonic transformation of
Yb,t{Yg,t: yt ” p1 ` Yb,t{Yg,tq´1, which ensures that the state variable evolves in the bounded interval r0, 1s. Yb,t{Yg,t

has the clear interpretation of the output of brown good produced per unit of green good. An economic intuition is
that one compares the economy to the symmetric point in which relative prices are qt “ Et “ 1.
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stochastic di↵erential utility, or Chabakauri (2013) and Bhamra and Uppal (2014), who do so

constructively for economies with heterogeneous agents and incomplete and complete markets,

respectively. Both are also shown in situations with potentially dynamically complete markets14

using a planner solution in Anderson and Raimondo (2008), and under complete markets with

a full set of Arrow-Debreu securities in Hugonnier et al. (2012a). As has been known since the

seminal example of Hart (1975), however, the introduction of multiple goods could complicate the

matter, for instance, because markets can become dynamically incomplete even if the number of

assets should technically be su�cient to span risks. Those multiple-good contexts are discussed, for

example, in Berrada et al. (2007) and Ehling and Heyerdahl-Larsen (2015), mostly through the lens

of the Pareto e�cient allocation obtained from a social planner. Overall, equilibrium existence and

uniqueness in the context of this paper with multiple goods, a bias in consumption and investment,

potential imperfect risk sharing (when there exists a tax on dividends), and a decentralized Radner

solution, could therefore be analyzed further from a theoretical perspective. This represents an

interesting avenue for further research.

2.4 Computation of the equilibrium

Section 3 characterizes all variables of interest as a function of the state variables, Xt “ pxt, ytq1, and
a set of unknown functions G ” tJG

t , JN
t , Fg,t, Fb,t, qt, wG

g,t, w
G

b,t
u.15 Due to the stationary recursive

Markovian structure of the equilibrium, those unknown functions are themselves solely functions of

Xt, and are determined by a set of coupled algebraic and second-order partial di↵erential equations.

The resolution is based on projection methods and orthogonal collocation. Specifically, each of

the unknown function g : r0, 1s2 Ñ Dg Ñ R in G is approximated using Chebyshev polynomials and

the equilibrium is solved on an grid based on the zeros of the Chebyshev polynomials. Details are

provided in Sauzet (2022a).

The main appeal of this approach is that this is a global solution method, which allows us to trace

out the evolution of our variables of interest as a function of the state of the economy. Combined

with continuous-time, it makes it possible to cleanly express and solve for the exact subcomponents

of the main variables—risk premia, portfolios, goods prices—as well as our mechanisms of interest,

in particular hedging components induced by consumption preferences. Our methodology will prove

14A securities market is potentially dynamically complete if the number of securities with non-colinear payo↵s is
equal to one plus the number of risk factors (Brownian motions) to be spanned.

15JG

t , JN

t are introduced in Section 3 and capture (an increasing monotonic transformation of) the marginal values
of wealth of each investor. In addition, as a point of notation, for any function g, gt simply denotes gpXtq, not the
time-derivative of g (which is zero because the model is stationary due to the infinite horizon).
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crucial, for example, when discussing the dynamic aspects of those mechanisms, and how they can

be state-dependent.

Projection methods are also well-suited to contexts with multiple state variables. For settings

with additional state variables that could become computationally too costly, such as those that

might arise when generalizing the framework, extensions of those methods to higher-dimensional

settings could prove necessary. One such method consists in naturally extending the concept of

projection approaches, but to replace the Chebyshev polynomials in the approximation by neural

networks, which are designed specifically to handle high-dimensional (and non-linear) contexts.

Those “projection methods via neural networks” for continuous-time models are proposed in Sauzet

(2022c).

3 Characterization of the Equilibrium

We now characterize the equilibrium theoretically. In Section 3.1, we start by discussing the

marginal values of wealth of both investors, consumption, and good prices, which are important

underpinnings for other variables in the economy. Section 3.2 discusses asset prices, and we show

that a preference for green consumption gives rise to consumption premia that counterbalance the

green premium on green assets stemming from the preference for green investing. Section 3.3 focuses

on portfolios, and describes how a preference for green consumption leads investors to allocate a

larger share of their wealth to brown assets compared to when they have solely preferences for

green investing. Appendix A discusses additional theoretical results such as the evolution of the

state variables (Appendix A.5).

Calibration. Unless otherwise specified, parameters are set according to the calibration of As-

sumption 1. What matters for the preference for green consumption of the green investor is that

↵
G ° 1{2. Similarly, what matters for her preference for green investing is that � ° 0. Their exact

values mostly have a quantitative impact that is discussed below. In practice, we pick ↵G “ 0.85,

and �Gg “ � “ 1% to broadly match the green premium that has been estimated in the recent lit-

erature (Pástor et al., 2022; Zerbib, 2022) and the consumption premia that we obtain empirically

in Section 4.16 The elasticity of substitution across goods, ✓, is also of particular interest for the

direction of portfolio biases and risk premia in equilibrium (see Sections 3.2 and 3.3). We follow

estimations in the environmental economics literature and set it to ✓ “ 2 ° 1. In an influential
16The value of ↵G and �G

g can easily be updated to more closely match the larger green premium and consumption
premia estimated in the last few years.
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contribution, Papageorgiou et al. (2017) provide evidence that this parameter significantly exceeds

unity, a condition that is favorable for promoting green growth.17

The value of other parameters mostly have a quantitative impact, as long as (i) risk aversion

� is above 1 so that there are hedging terms, and (ii) risk aversion is not equal to the reciprocal

of the EIS, � ‰ 1{ , so that preferences are recursive. We pick a relatively large risk aversion of

� P t15, 25, 50u, to obtain average risk premia that are in line with the data. Indeed, as is well-

known, consumption-based asset pricing models tend to generate somewhat modest risk premia.

The e↵ect is purely quantitative, however, and it impacts mostly the “market” component of risk

premia, which is not our focus. Our novel consumption premia arise regardless of the exact value

of �, and remain quantitatively large.18 Similarly, we pick  “ 1.25 to keep a relatively low average

riskfree rate, rt. Consistent with the literature (e.g., Bansal and Yaron, 2004),  ° 1, and investors

have preference for early resolution of uncertainty (� ° 1{ ). In what follows, parameters �,  , ⇢

are also taken to be identical for both investors. However, the resolution allows for any value.

Assumption 1 (Baseline calibration). Unless otherwise specified, the results in this section are

obtained under the following calibration, i P tG,Nu, j P tg, bu:

• Preference for green consumption: ↵G “ ↵ “ 0.85, ↵N “ 1{2,
• Preference for green investing: �Gg “ � “ 1%.

• Elasticity of substitution across goods: ✓i “ ✓ “ 2,

• Numéraire basket: a “ 1{2,
• Risk aversion: �i “ � P t15, 25, 50u,
• Elasticity of intertemporal substitution:  i “  “ 1.25,

• Discount rate: ⇢i “ ⇢ “ 1%,

• Output: µYj
“ µY “ 2%,�Y1 “ p4.1%, 0qT ,�Y2 “ p0, 4.1%qT (no fundamental correlation).

17Some particular subsets of goods could be closer substitutes, for example within very narrow industries. We stay
conservative, however, and stick to a moderate ✓ “ 2, because some goods and services in the basket are also likely
to be more di↵erent and therefore less substitutable. Such a value is also consistent with the sign of consumption
premia that we encover empirically in Section 4. The impact of the elasticity of substitution is studied in more details
in the recent work of Chen et al. (2023), who show that the e↵ect on risk premia is concentrated on sectors with high
✓, consistent with our baseline calibration. The elasticity could also di↵er in the short- and long-run, an aspect that
could be interesting to explore empirically. Finally, such a calibration with ✓ ° 1 is also consistent with the elasticity
of substitution across goods in other settings. For instance, this is the case in an international context, as discussed
in Imbs and Méjean (2015), among others.

18An alternative could be to introduce additional elements such as consumption habits. We refrain from doing so
in this paper because the main benefit of such additions in this context would be to increase average risk aversion,
as we do, while they could obscure the main mechanisms that we uncover. However, this represents an interesting
avenue for future work.
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3.1 Marginal values of wealth, consumption, goods prices

The marginal value of wealth of the investors underly many decisions in the economy. To charac-

terize them, note that due to the homotheticity of preferences, the value functions of the investors

i P tG,Nu can be expressed as

V
ipW i

t , xt, ytq “
˜
W

i1´�
t

1 ´ �

¸
J
ipxt, ytq

1´�
1´ (9)

Because W
G
t ,W

N
t mostly have an impact in levels, the marginal values are driven primarily

by functions J
G
t , J

N
t . Therefore, in the remainder of the text, we refer to them as (monotonic

transformations of) the marginal values of wealth. Those quantities underpin the dynamics of the

stochastic discount factors of both investors in the economy, which in turn determine portfolios,

asset prices, and other economic decisions.19

The evolutions of J
i
t , i P tG,Nu, are governed by two Hamilton-Jacobi-Bellman equations,

summarized in Proposition A.4 in Appendix. Figure 1 shows the result for both investors in the

baseline calibration as a function of the relative supply of the green good (yt), shown on the

horizontal axis, and the wealth share of the green investor (xt), shown as di↵erent curves.

The intuition is as follows, and will be at the core of the consumption premia and portfolio

biases. As the green good becomes relatively scarce, that is, as yt decreases, both investors have to

switch some of their consumption to the brown good. The green investor is particularly negatively

a↵ected: she prefers consuming more of the green good (↵G ° 1{2), but cannot due to its low

relative supply, or equivalently its high relative price. Therefore, her marginal value of consumption,

which is the same as her marginal value of wealth, JG
t , following a standard envelope argument,

strongly increases. The neutral investor does not have a specific preference toward the green good

(↵N “ 1{2), but still likes consuming both, due to his CES consumption basket. He is, therefore,

also negatively impacted, and his marginal value of wealth, J
N
t , increases as any of the goods

becomes relatively scarce (yt Ñ 0 or yt Ñ 1) because he would prefer a more balanced basket, that

is, a more comparable relative supply or relative price of both goods. This e↵ect for the neutral

investor is, however, much more muted.

19The stochastic discount factors for investors i P tG,Nu are given by

⇠it ” ⇠i0 exp

"ª
t

0

´
⇥1P

i1´ 
u J i

u ` ⇥2

¯
du

*
W i´�

t
J
i
1´�
1´ 

t

with ⇥1 ” ´p� ´ 1{ q{p1 ´ 1{ q and ⇥2 ” ⇢p� ´ 1q{p1 ´ 1{ q.
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Figure 1: Marginal values of wealth

(a) Green investor (JG
t ) (b) Neutral investor (JN

t )

Notes: Based on the calibration of Assumption 1. xt is the wealth share of the green investor. yt is the relative

supply of the green good.

Similarly, as her share of wealth, xt, increases, the preference of the green investor for green

consumption puts upward pressure on the price of her preferred green good. This induces her

to reluctantly tilt her consumption slightly toward the brown good, and her marginal value of

wealth, JG
t , increases. On the other hand, because the neutral investor has no particular bias in

consumption, his marginal value of wealth, JN
t , is little a↵ected by xt. In practice, the changes in

the economy-wide marginal value of wealth rJt ” xtJ
G
t ` p1 ´ xtqJN

t are, therefore, dominated by

those of JG
t .

From the Hamilton-Jacobi-Bellman equations in A.4, a first set of first-order conditions yield

expressions for consumptions, summarized in Proposition A.5, which emphasize once again the

underlying role of J i
t : c

i
t ” C

i
t{W i

t “ P
i´ 
t

J
i
t . Details are shown in Appendix A.7. Combining with

market-clearing conditions, one obtains Equation (10) for the relative price of the green good, qt,

shown in Proposition 1.

Proposition 1. The relative price of the green good, qt “ qpXtq ” pg,t{pb,t, solves the following

non-linear equation

qt “ S
1{✓
t

ˆ
1 ´ yt

yt

˙1{✓
, (10)

where

St “ ↵
G
J
G
t xtP

G✓´ 
t

` ↵
N
P

N✓´ 
t

J
N
t p1 ´ xtq

p1 ´ ↵GqPG✓´ 
t

J
G
t
xt ` p1 ´ ↵N qPN✓´ 

t
J
N
t

p1 ´ xtq
.
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Prices pg,t, pb,t, PG
t , P

N
t , Et follow from the definition of the numéraire and Proposition A.5, and

are shown in Proposition A.6.

Figure 2: Relative prices and dividends

(a) Green good

(qt ” pg,t{pb,t)
(b) Green consumption basket

(Et ” P
G
t {PN

t )

(c) Relative dividends

(pg,tYg,t{ppb,tYb,tq)

Notes: Based on the calibration of Assumption 1. xt is the wealth share of the green investor. yt is the relative

supply of the green good.

Figure 2 shows the resulting relative price in the baseline calibration of Assumption 1. As

expected, the relative price of the green good, qt, strongly decreases as the green good becomes

more abundant, that is, as yt increases (Panel [a]). The pattern is similar for the relative price of

the consumption basket of the green investor, Et ” P
G
t {PN

t (Panel [b]), whose evolutions are driven

by qt as shown in Proposition A.6.

Beyond the relative prices, which drive relative consumption decisions, the relative dividends

of the green asset are also of particular interest. They are shown in Panel (c) of Figure 2 and are

obtained as
pg,tYg,t

pb,tYb,t
“ qt

ˆ
yt

1 ´ yt

˙
“ S

1
✓

t

ˆ
1 ´ yt

yt

˙ 1´✓
✓

. (11)

Let us consider a situation in which the green good becomes scarce (yt decreases). In that case,

the relative quantity of output of the green tree, Ygt{Yb,t “ yt{p1´ytq, decreases. As discussed above,

the relative price of the green good, pg,t{pb,t, therefore, increases. However, because the green and

brown goods remain substitutable enough (✓ ° 1), the e↵ect on the relative price remains muted

and the e↵ect of the relative quantity of output dominates; thus, the relative dividends of the

green tree decrease overall. In other words, relative dividends and relative supply move in the

same direction, an observation that will prove important for the direction of portfolio biases and
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risk premia. Indeed, as we discuss in Section 3.2, relative dividends are the main drivers of the

relative returns on the two assets, while changes in dividend yields (i.e., equity prices relative to

fundamentals) play a limited role.

The case in which green and brown goods are very poor substitutes (broadly ✓ † 1)20 would

have the counterintuitive implication that the payo↵ of an asset would be low when the quantity

of goods that it produces is high. Most importantly, it is also inconsistent with empirical estimates

in the environmental economics literature that put ✓ strongly above unity, a condition that is

also favorable for promoting green growth (see, for instance, Papageorgiou et al., 2017), as well as

with the sign of consumption premia that we encover empirically. Therefore, although our setup

accomodates di↵erent calibrations for ✓ (as in the recent work of Chen et al., 2023), we focus on

the case ✓ ° 1 that seems most relevant. Note that Chen et al. (2023) also show that the e↵ect on

risk premia is concentrated on sectors with high ✓, consistent with our baseline calibration.

Finally, the relative dividends of the green asset also increase as the wealth share of the green

investor increases, consistent with her preference for green consumption, which puts an upward

pressure on the relative price of the green good. However this e↵ect is much more muted in the

baseline calibration.

3.2 Asset prices

Second moments. Let us start with second moments, which underpin part of the intuition for

risk premia, and portfolios.

Recall that the di↵usion terms for both asset returns, j P tg, bu, are �j,t ” �pj ,t ` �Yj
´ �Fj ,t

.21

Those capture how returns load on the di↵erent shocks in the economy. In practice, although

dividend yields, Fj,t, are time-varying in our setting with recursive preferences and heterogeneity,

the e↵ect of their changes via �Fj ,t
remains comparatively muted. The patterns in returns di↵usions

are, therefore, mostly driven by �pj ,t,�Yj
, that is, by movements in the relative dividends of both

assets. In turn, the relative dividends of the green asset, pg,tYg,t{ppb,tYb,tq, evolve in the same

direction as relative supply, Yg,t{Yb,t. As described in Section 3.1 above, the intuition is that goods

are good enough substitutes (✓ ° 1), so that the e↵ect on the relative price of the goods, pg,t{pb,t,
is moderate enough to not overturn the impact of the relative supply, Yg,t{Yb,t. In fine, this implies

that for most of the state space, the returns on the green asset tend to load more on the output

20Coeurdacier (2009) shows in a CRRA context based on zero-order approximations that the exact value at which
the switch occurs is a non-linear function of all parameters, although it is close to 1.

21This expression comes from an application of Itô’s Lemma to the definition of returns in Equation (1), dRj,t “
dQj,t{Qj,t ` Fj,tdt, with Qj,t “ pj,tYj,t{Fj,t. See Section 2 and Appendix A.
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shocks to the green tree (�gZg ,t ° �gZb,t
) because those shocks increase the relative dividends of

the green tree, while the returns on the brown asset load more on the output shocks to the brown

tree (�bZb,t
° �bZg ,t

) because those shocks increase the relative dividends of the brown tree.22

Figure 3: Second moments of returns
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Notes: Based on the calibration of Assumption 1. xt is the wealth share of the green investor. yt is the relative

supply of the green good. The figure shows a cut in which xt “ 1{3, consistent with empirical estimates.

In short: the green asset tends to earn higher returns when the green good is relatively more

abundant, that is, when positive shocks to the supply of the green tree occur, which increase its

relative supply, yt. Figure 3 shows the di↵usion terms for the returns on both assets in the baseline

calibration, and confirms that this is indeed the case: on average, the loading of the green asset

22Note that if ✓ were to be below unity, movements in the relative prices of the goods would be so extreme that
relative dividends would move invertedly with relative supply, so that the returns on the green asset would ultimately
load more on the output shock to the brown tree. This implication is both counterintuitive and inconsistent with
empirical estimates in the environmental economics literature, which puts ✓ strongly above unity (see, for instance,
Papageorgiou et al., 2017), as well as with the sign of the consumption premia that we encover. See discussion in
Section 3.1.
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returns on the green output shock (�gZg,t, blue curve) is larger than their loading on the brown

output shock (�gZb,t, orange curve), and vice versa for the brown asset returns.

Beyond the main patterns discussed above, the returns on both assets also load on both

shocks, albeit in a more limited way. This leads the assets to be strongly correlated: on aver-

age, corrtpdRg,t, dRb,tq « 0.9, even though the outputs of the trees themselves have no fundamental

correlation (�YgZb
“ �YbZg

“ 0). In other words, the large correlation between asset returns emerges

endogenously. This phenomenon is driven by movements in the relative prices of the goods and

in the allocation of wealth, as well as by the patterns of the marginal values of wealth of both

investors J
i
t (and hence of their stochastic discount factors). Economically, this emphasizes the

financial contagion taking place through asset markets in this economy: a shock to the output of

a given tree has a sizable impact on the returns of the other tree, and can, therefore, impact both

investors beyond its impact on goods markets. The bottom panels of Figure 3, together with Figure

B.8 in the Appendix, also emphasize that second moments are inherently time-varying and depend

on the current state of the economy.

Risk premia. Proposition 2 presents the expected excess returns on the green and brown assets.

Proposition A.1 in the Appendix generalizes those expressions to the case in which risk aversion

and EIS di↵er across investors, and in which both investors have preferences toward both assets,

�
i

j
‰ 0 for i P tG,Nu, j P tg, bu. In that case, the economy-wide risk aversion also becomes

state-dependent, �t.

Proposition 2. The expected risk premia on the green and brown equity assets are

µg,t ´ rt “ ��
T

g,t�ÄW,t
´ xt�´ ��

T

g,t� rJ,t (12)

µb,t ´ rt “ ��
T

b,t
�ÄW,t

´ ��
T

b,t
� rJ,t

where

�ÄW,t
” w

M

g,t�g,t ` p1 ´ w
M

g,tq�b,t

� rJ,t ”
ˆ
1

�

˙ ˆ
1 ´ �

1 ´  

˙ `
xt�JG,t ` p1 ´ xtq�JN ,t

˘

and ÄWt is the total wealth, rJt is the economy-wide marginal value of wealth, and �JG,t,�JN ,t are

the geometric di↵usion terms of JG
t , J

N
t obtained as in Remark A.1.

The expressions for risk premia are composed of three terms.
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The first term is a total wealth component driven by the covariance of each risky asset return with

the total wealth in the economy, ÄWt. It can be thought of as a “market” component. Intuitively,

an asset that comoves a lot with total wealth provides little diversification benefits, is therefore

risky, and commands a high risk premium in equilibrium. This is the usual financial diversification

component that exists even when investors are myopic, and makes them want to hold some of both

assets to maximize the Sharpe ratio of their portfolios.

The second term is the green premium characterized by Pástor et al. (2021) and Zerbib (2022),

among others. Because the green investor has a preference toward investing in the green asset

(� ° 0), she accepts a lower expected return to hold it and the expected returns on that asset

decrease. In addition, this e↵ect scales with the wealth share of the green investor, xt. Because

we set the preferences of both investors toward the brown asset to zero (�G
b

“ �
N

b
“ 0), the brown

asset does not display any such premium. This is without loss of generality, however, and the green

premium term should be understood in a relative sense between green and brown assets.

The third term is a hedging component that constitutes our novel consumption premia, and

deserves more emphasis.

From a broad perspective, this term is driven by the comovement of asset returns with the

economy-wide wealth-weighted marginal value of wealth, rJt ” xtJ
G
t ` p1 ´ xtqJN

t . Intuitively, an

asset whose returns are large when rJt is large is a good hedge because it pays when it is most

valuable for the average investor, that is, for the economy as a whole. Thus, such an asset is less

risky, and commands a lower risk premium in equilibrium.23

Importantly, note that such hedging components—and, therefore, our novel consumption premia—

would be completely absent with log, mean-variance, or CARA preferences that have been popular

in the literature, because investors would be myopic under those specifications.

To make the intuition more precise, note that in our Markovian setting, we can break down the

hedging term as follows24

´��Tj,t� rJ,t “ ´ �
T

j,t�x,txt

ˆ
1 ´ �

1 ´  

˙ #
xt

J
G
x,t

J
G
t

` p1 ´ xtq
J
N
x,t

J
N
t

+
(13)

´ �
T

j,t�y,tyt

ˆ
1 ´ �

1 ´  

˙ #
xt

J
G
y,t

J
G
t

` p1 ´ xtq
J
N
y,t

J
N
t

+
.

23In the terminology of the asset pricing literature, those consumption premia embed the desire of investors to
hedge against changes in their investment opportunities, captured here by the state variables Xt “ pxt, ytq1.

24Again, the framework allows for potentially di↵erent �i, i, ⇢i for both investors. In that case, the economy-wide

risk aversion is state-dependent, �t ” `
xt{�G ` p1 ´ xtq{�N

˘´1
, and the weighting in the economy-wide marginal

value of wealth rJt also reflects di↵erences in those parameters.
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In words, the novel consumption premia are composed of a wealth-hedging premium (hedging

of movements in the wealth share of the green investor, xt), and a relative-supply-hedging premium

(hedging of movements in the relative supply of the green good, yt, or, equivalently, of its relative

price).

Establishing the sign of those consumption premia for green versus brown assets requires elic-

iting the patterns of quantities of risk, as well as the prices of those risks.

The quantities of risk are driven by the (instantaneous) covariances of the asset returns with

the state variables, xt, yt, that fully characterize the state of the economy: covt pdRj,t, dxtq dt´1 “
�
T

j,t
�x,txt and covt pdRj,t, dytq dt´1 “ �

T

j,t
�y,tyt. On average, we expect the latter, covt pdRj,t, dytq dt´1,

to be positive for the green asset, and negative for the brown asset. That is, we expect the returns

on the green (brown) asset to increase (decrease) with the relative supply of the green good, yt.

This is because, as explained above, the returns on the green asset tend to load more on shocks to

the green output, dZg,t, which also increase Yg,t and, therefore, increase the relative supply of the

green good, yt ” Yg,t{pYg,t `Yb,tq. Conversely, the returns on the brown asset tend to load more on

dZb,t, which also increase Yb,t and, therefore, decrease yt. The sign of covt pdRj,t, dxtq dt´1 depends

on the covariance between xt and yt, which is endogenous and depends on investors’ portfolios,

which in turn depend on �. It is discussed below.

The remaining pieces are the prices of those risks, which summarize how investors value an asset

with certain quantities of risk. Those prices of risk are driven by preference parameters �,  , but

most importantly by how the economy-wide wealth-weighted marginal value of wealth evolves with

those state variables: this is captured by J
i
x,t, J

i
y,t, the derivatives of the marginal values of wealth

of both investors i P tG,Nu with respect to each state variable. The economy is composed of an

investor with a preference for green consumption and an investor who is neutral, so that it has, on

average, a tilt toward preferring the green good. In other words, because J
G
t strongly decreases

with the relative supply of the green good (JG
y,t ! 0), the economy-wide wealth-weighted marginal

value of wealth J̃t is, on average, a decreasing function of yt. That is, situations in which yt is

low—and, thus, the relative price of the green good is high—are adverse states of the world, and

the price of yt-risk is positive (recall the minus sign in Equation (13)). Therefore, an asset that

comoves with the relative supply of the green good yt is risky, because it is a poor hedge against

those adverse states and hence, commands a higher risk premium in equilibrium. Conversely, the

price of xt-risk is expected to be negative on average. Indeed, as shown in Section 3.1, the evolution

of rJt with xt is again dominated by the marginal value of wealth of the green investor J
G
t , which

tends to increase with her wealth share xt (JG
x,t ° 0) due to the upward pressure she puts on the

price of her preferred green good.

Therefore, taken together, we expect the green asset, whose returns comove positively with yt,
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to be riskier in terms of relative supply risk than the brown asset whose returns comove nega-

tively with yt. Therefore, the green asset is expected to command a higher relative-supply-hedging

premium on average. The sign of the hedging of the wealth share risk is more ambiguous and is

discussed below. It turns out to be negative but small in our benchmark.

Figure 4: Average di↵erence in risk premia between green and brown asset pµg,t ´ rtq ´ pµb,t ´ rtq
(%)
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Notes: Based on the calibration of Assumption 1, except for the specified parameters. xt is the wealth share of

the green investor. yt is the relative supply of the green good. The figure shows the di↵erence between risk premia

on the green and brown asset, and their components, at Xt ” pxt, ytq1 “ p1{3, 1{3q for Panels (a), (b), (c), and at

Xt “ p1{2, 1{2q for Panel (d).

Panel (a) of Figure 4 shows the di↵erence in expected returns between the green and the brown

asset, pµg,t ´ rtq ´ pµb,t ´ rtq, as well as its components, in the baseline calibration of Assumption

1. To get a sense of the average premia di↵erentials, they are shown at the point at which the

green investor holds one third of the wealth (xt “ 1{3), and the relative supply of the green good

is one third (yt “ 1{3), broadly consistent with empirical estimates in Morgan Stanley Institute

for Sustainable Investing (2019). The wealth component, ��T
j,t
�ÄW,t

, which can be understood as
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a market component, is important to get risk premia that are quantitatively broadly in line with

the data: on average, µj,t ´ rt « 4.2%, only slightly lower than their empirical counterparts.25 In

practice, this component mostly depends on how dominant a given asset is in total wealth, that is,

on the weights of the assets in the market portfolio (wM
g,t, w

M

b,t
). The wealth component, therefore,

drives the overall shape of the risk premia on both assets with the state of the economy, especially

with respect to the relative supply.26 Because this term is more common, however, it is not our

focus in this paper.

Of more interest are the green premium and the novel consumption premia.

When the green investor holds about one third of total wealth, like in the data, the green

premium is ´xt� « ´0.333% in this baseline calibration. Recall that this green premium should be

interpretated in a relative way, so that on average the expected excess returns on the green asset is

33.3 basis points (bps) smaller than those on the brown asset, when we focus purely on the e↵ect of

the preference of investors for green investing. This is also visible from Panel (c), which sets � “ 0.

There is considerable uncertainty about the magnitude (and even sign) of the green premium in

practice, and 33.3 bps could be consistent with some empirical estimates (Zerbib, 2022). We do

not take a strong stance on this magnitude, but note that the � parameter can be easily adjusted

to yield a green premium consistent with larger estimates (e.g., Pástor et al., 2022), without any

change to the main intuition.

Most importantly—and this is our main result—consumption premia can broadly compensate

the green premium: on average (i.e., at Xt “ p1{3, 1{3q), the expected excess returns on the green

asset is 36.6 basis points larger than those on the brown asset, when we focus purely on the e↵ect of

the preference of investors for green consumption. In other words, the only reason why µg,t ´ rt is

larger overall at Xt “ p1{3, 1{3q is the mostly mechanical total wealth component. This is visible in

our baseline calibration of Panel (a). This can be compared to the case in which the green investor

has no preference for green consumption (↵ “ 0.5) so that the green premium dominates,27 and in

25Getting such values for the average risk premia is the main reason for which we pick a high calibration of risk
aversion, �. Indeed, as is well-known, consumption-based asset pricing models tend to generate somewhat modest
risk premia (see footnote 18).

26The market weights (wM

g,t, w
M

b,t) are inherently related to yt, the relative supply of both goods, as seen in Panels
(a) and (b) of Figure B.12 in Appendix. They are equal for both assets broadly around the point at which their
relative supply is equal, yt “ 1{2, although the preference for green investing leads the green asset to be slightly
overvalued so that its weight in the market portfolio (wM

g,t ” Qg,t{pQg,t `Qb,tq) is slightly larger on average. In other
words, the wealth component is slightly larger for the green asset on average, even though the di↵erence is dominated
by variations with the state of the economy.

27Note that there still exist consumption premia even without preference for green consumption (↵ “ 1{2). This is
because investors still want to consume both goods, and, therefore, remain sensitive to movements in relative prices
(i.e., they still want to hedge against changes in their investment opportunities). The e↵ect is quantitatively more
muted, but continues to show the appeal of bringing green investors to this general equilibrium context in which they
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which she has no preference for green investing (� “ 0) so that the consumption premia dominate.

Such a magnitude for the consumption premia is consistent with the empirical counterpart that

we estimate at the beginning of our sample (see Section 4) but the e↵ect can in fact be larger, for

example, for larger risk aversion �, an EIS closer to  “ 1, larger bias toward consumption ↵, a

slighty lower ✓, and in some parts of the state space, as discussed below. Such calibrations could

readily deliver a larger magnitude, in line with its empirical value in more recent years.

Consistent with our intuition above, the bulk of the consumption premia is driven by a positive

relative-supply-hedging premium. To say a brief word about the hedging of relative wealth risk:

it is negative for both assets, and in particular, slightly more negative for the green asset. This

stems from the larger covariance of green asset returns with the wealth share, xt, that is, from a

larger quantity of “xt”-risk (Figure B.6), combined with the negative price for that risk described

above (Figure B.7).28 In practice, this conclusion depends on the magnitude of the bias in portfolio

holdings, and therefore, on the calibration. For instance, this premium is positive if preferences for

green consumption, ↵, are strong enough, while preferences for green investing, �, are moderate

enough, like in Panel (c) of Figure 4. However, in most cases, and regardless of its sign, the

magnitude of this e↵ect remains quantitatively small (e.g., ´1.9 bp in the baseline). It is, therefore,

not our focus here, and we leave it aside in the empirical part of Section 4.29

Dynamics of risk premia. Interestingly, those patterns of the risk premia and their subcom-

ponents also vary strongly with the state of the economy, an aspect that our global solution allows

to explore.

Panels (a) of Figure 5 shows that the expected risk premium on the green asset µg,t ´ rt

increases, in particular, as the relative supply of the underlying green tree, yt, increases. This

also consume, even in that case.
28In more details, the intuition for this negative relative premium is as follows. In the baseline, the wealth share

loads more on shocks to the output of the green tree (dZg,t): Figures A.3 and A.4 in Appendix indeed show that
�xZg ,txt ° �xZb,txt in magnitudes, and �xZg ,txt ° 0 for any Xt, while the loading of xt on shocks to the brown output
�xZb,txt flips sign, for example, as yt increases. As shown in Proposition A.3 in Appendix, the loadings of the wealth
share are themselves endogenous and follow those patterns provided that the portfolio of the green investor is biased
enough toward the green asset (wG

g,t ´ wM

g,t ° wG

b,t ´ wM

b,t). In short, in the baseline, a positive shock to the output of
the green tree tends to increase the wealth share xt. (Relatedly, because the relative supply yt also tends to increase
with positive shocks to the green output, the wealth share xt and relative supply yt are positively correlated in the
baseline.) Because such a shock also tends to increase the returns on the green asset more, as explained previously,
this leads the covariance of the green asset returns with xt to be larger than that of the brown asset returns. In
other words, the quantity of xt “risk” is larger for the green asset (Figure B.6). Combined with the negative price
of this risk described above (Figure B.7), this leads to the negative relative wealth-share-hedging premium for the
green asset in the baseline calibration. In most cases, however, the magnitude of this e↵ect remains small.

29The introduction of a tax on dividends, as discussed in Section 5, can reinforce the impact of xt-hedging, because
it can lead to imperfect risk sharing across investors.
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pattern is driven by the wealth component shown in Panel (c): as yt becomes large, the green

good starts to dominate the economy, so that the green asset also starts to dominate total wealth

(wM
g,t ” Qg,t{rQg,t `Qb,ts, the weight of the green asset in the market portfolio, increases toward 1).

In such situations, the risk on the green asset is di�cult to diversify away so that the green asset

is risky and commands a higher risk premium.30 Conversely, the expected returns on the brown

asset increases as yt decreases, as shown in Panel (b).31

The expected excess returns on both assets also decrease with the share of wealth held by

the green investor, xt (Panels (a) and (b)). For the green asset, this is mostly driven by the

increasing impact of the preference for green investing, �, as the green investor becomes larger in

the economy, that is, by an increasing green premium. This can be seen in Panel (d), which plots

the green premium on the green asset relative to the brown asset as a function of xt. For the brown

asset, however, this pattern is driven by the state-dependence in the hedging of relative supply

risk, which becomes more strongly negative for the brown asset as the green investor—who is more

worried about this risk—holds increasingly more wealth. The riskfree interest rate also increases

with xt, a fact that is consistent with the pattern of borrowing and saving discussed in Section 3.3.

Panels (e) and (f) confirm that consumption premia are themselves very time-varying. The

hedging of relative-supply risk for the green asset relative to the brown asset is positive and large

for most of the state-space, as shown in Panel (e). It increases as the green investor—who is

particularly worried about this risk—becomes larger in the economy, that is, as xt increases. This

positive relative premium on the green asset also strongly increases as the relative supply of the

green good, yt, decreases: for example, it reaches close to 1% for large xt and small yt. This

is consistent with the green investor being especially worried about relative-supply risk when her

preferred good becomes very scarce, and suggests that hedging terms can grow and continue to

compensate the green premium, even as the latter becomes larger when the green investor becomes

dominant. Finally, as discussed above and shown in Panel (f), the relative premium on the green

asset stemming from wealth share hedging is negative on average in the baseline, and largest in

magnitude around xt “ 1{2, the point at which the identity of the investor dominating the economy

30In other words, because the green asset dominates total wealth as yt becomes large, the covariance of this asset
with total wealth is large because it is broadly equal to the covariance of the asset with itself. This leads the wealth
component of the risk premia, which is driven by the covariance with total wealth, to be large for the green asset.

31Figure B.3 in Appendix also shows that states of the world in which one of the good becomes scarce (low or high
yt) are associated with a lower riskfree interest rate rt, consistent with higher precautionary saving motives. Note
that in some calibrations, for example, with � “ 50, rt is negative, which is in line with real interest rates being
negative empirically in the recent period even for longer maturities (e.g., Figure B.2 in Appendix shows that this is
case for the 10-year market yield on inflation-indexed U.S. Treasury Securities since 2019). This has no particular
impact on the equilibrium. For instance, Figure B.3 in Appendix shows that rt ° 0 for � “ 15, and risk premia and
portfolios in that case are similar to those with a larger � except in terms of magnitude.
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flips. However, again, because it is quantitatively much more muted, it is not our focus here, and

we leave it aside in the empirical part of Section 4.32

Figure 5: Returns

(a) Total risk premium on

green asset (µg,t ´ rt)

(b) Total risk premium on

brown asset (µb,t ´ rt)

(c) Relative “market”

component (g ´ b)

(d) Relative green premium

(´xt�, g ´ b)

(e) Relative yt-hedging

premium (g ´ b)

(f) Relative xt-hedging

premium (g ´ b)

Notes: Based on the calibration of Assumption 1, with � “ 50. xt is the wealth share of the green investor. yt is

the relative supply of the green good. This figure plots the risk premia on both assets, as well as their di↵erence

decomposed into various components.

Risk premia vs. discount rates. Lastly, obtaining quantitatively plausible risk premia, µj,t´rt,

as well as a reasonable riskfree rate, rt, as is made possible by recursive preferences (Weil, 1989),

turns out to be particularly important in this context. In an economy with CRRA preferences, � “
1{ , the large riskfree rate can quantitatively dwarf any di↵erential impact on risk premia between

the green and brown assets emerging from green preferences. Indeed, Figure B.4 in Appendix

shows that, in this case, the riskfree rate, rt, is so large that its increase, as the green investor gets

32The patterns of the xt- and yt-premia are in turn driven by changes in both the quantities and prices of risk with
the state of the economy Xt “ pxt, ytq1, as shown in Figures B.6 and B.7 in Appendix.
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larger, can dominate any change in risk premia, µj,t ´ rt. In other words, the discount rates on

both assets, which are the sum of riskfree rate and risk premia, µj,t “ rt ` pµj,t ´ rtq, can increase

with the wealth share of the green investor, xt. Even though the increase is smaller for the green

asset, because the risk premia di↵erential remains negative (despite the counterbalancing e↵ect of

the consumption premia), the di↵erence can be small as compared to the magnitude of the increase

in discount rate. Instead, recursive preferences ensure that the riskfree rate remains moderate in

magnitude, consistent with empirical estimates, so that green preferences can have a meaningful

di↵erential impact on discount rates, as show in Figure B.5. This aspect has not been emphasized

in the sustainable asset pricing literature so far, but is not innucuous: ultimately, the di↵erence in

relative cost of capital between the green and brown assets must be large enough quantitatively,

compared to other changes, to have a sizable impact and foster the green transition.

3.3 Portfolios

We conclude this characterization by a discussion of the optimal portfolios of both investors. Propo-

sition 3 shows that those are Merton (1973)-type portfolios that are composed of two pieces.33

The first term is similar for both investors and corresponds to the myopic portfolio that would be

chosen by a one-period mean-variance investor. It is the usual financial diversification component

driven by the risk premia on both assets, normalized by volatilities, partly related to the market

portfolio (wM
g,t, w

M

b,t
).

In this context, however, this first term also embeds the preference of the green investor for

green assets, �. Equation (14) shows that it is isomorphic to the expected returns on the green

asset being perceived as (relatively) larger by the green investor. As expected, this term, therefore,

makes her tilt her portfolio allocation toward the green asset in equilibrium. In other words, it is

the manifestation of the green premium for portfolios.

33Again, Proposition A.2 in Appendix generalizes those expressions to the case in which risk aversion and EIS di↵er
across investors, and in which both investors have preferences toward both assets, �i

j ‰ 0 for i P tG,Nu, j P tg, bu.
In that case, the economy-wide risk aversion also becomes state-dependent, �t.
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Proposition 3. The optimal portfolios of the green and neutral investors j P tG,Nu are given by
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where w
i
g,t, w

i

b,t
, b

i
t are the portfolio weights (as a share of wealth) allocated to the green equity asset,

the brown equity asset, and the riskless bond, and ⌃t ”
”
�g,t �b,t

ı
.

The second component are hedging terms. They are driven by preferences for green consumption

and are absent with log or myopic preferences (such as CARA). They are the counterpart for

portfolios of the consumption risk premia, and capture the way investors tilt their allocation to

insure against changes in the state of the economy, summarized by Xt “ pxt, ytq1. Investors do so

by overweighting assets whose payo↵s are large when they find it most valuable, that is, when their

individual marginal values of wealth are high, so that hedging terms are governed by the covariance

between risky returns and individual marginal values of wealth, JG
t , J

N
t .

Overall, the common term drives the broad pattern of the portfolios of both investors throughout

the state space, corrected for the preference of the green investor for green investing, �, while the

hedging term captures how investors di↵erentially deviate from this broad pattern. Hedging terms

are, therefore, a prime quantity of interest in our economy with heterogeneous investors.

Figure 6 shows the corresponding portfolio weights on the risky assets for each investor as a

percentage of their wealth (wi
g,t, w

i

b,t
for i P tG,Nu), as well as their components, for various

calibrations.34 Like for risk premia, to get a sense of average portfolios, all those variables are

shown at the point at which the green investor holds one third of the wealth (xt “ 1{3), and

the relative supply of the green good is one third (yt “ 1{3), broadly consistent with empirical

estimates in Morgan Stanley Institute for Sustainable Investing (2019) (except for Panel (d) for

which Xt “ p1{2, 1{2q).
34We plot the portfolio weight that each investor allocates to the riskless bond to borrow or save (bit) in Figure B.10

in Appendix. Figure B.9 also shows the weights in the market portfolio for comparison: wM

g,t ” Qg,t{pQg,t ` Qb,tq,
wM

b,t. Recall that the bond is in zero net supply so that for the market overall, bMt “ 0, and wM

b,t “ 1 ´ wM

g,t.
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Figure 6: Portfolios at Xt “ p1{3, 1{3q, and Xt “ p1{2, 1{2q
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Notes: Based on the calibration of Assumption 1, except for the specified parameters. xt is the wealth share of the

green investor. yt is the relative supply of the green good. The figure shows portfolios and their components at

Xt ” pxt, ytq1 “ p1{3, 1{3q for Panels (a), (b), (c), and at Xt “ p1{2, 1{2q for Panel (d). wi

g,t, w
i

b,t are the weights (as

% of wealth) on the green and brown asset in the portfolio of investor i P tG,Nu.

Panel (a) shows that in the baseline calibration, the green investor significantly tilts her allo-

cation toward the green asset: on average (i.e., at Xt “ p1{3, 1{3q), she invests w
G
g,t « 91% of her

wealth in it, as opposed to w
G

b,t
« 22% in the brown asset. This is significantly more biased toward

the green asset than the market portfolio, w
M
g,t « 56%, w

M

b,t
« 44% (Figure B.9 in Appendix).

The neutral investor, because he is less sensitive to changes in relative supply and wealth share, is

willing to take the other side of this trade: on average, he invests more of his wealth in the brown

asset, wN

b,t
“ 55%, than in the green asset, wN

g,t “ 38%.

As expected, the overweighting of the green asset in the portfolio of the green investor is driven

by her preference toward green investing (� ° 0), shown in green in Figure 6. In the baseline, this

component taken separately would lead her to overweight the green asset by an additional 94% of

her wealth, substantially beyond the 51% dictated by the common component (shown in orange)

that is identical for both investors. Conversely, it would lead her to underweight the brown asset
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by 79% of her wealth, compared to the 41% dictated by the common component.

Most importantly—and this is our main novel result in terms of portfolios—the impact of green

investing is again strongly counterbalanced once it is brought to our general equilibrium context.

Indeed, the hedging term related to the relative supply (shown in yellow in Figure 6), which is

mostly stemming from the preferences of the green investor toward green consumption (↵ ° 1{2),
leads her to underweight the green asset by about 60% of her wealth. This arises because the

returns on the green asset are comparatively much smaller when the relative supply of the green

good, yt, is low (i.e., when the relative price of green good is high; see Section 3.2), that is, when

the green investor values it most because her marginal value of wealth, JG
t , is high in those states

of the world (Section 3.1).

Overall, her preference for green consumption leads the green investor to cut the overweighting

stemming from green investing substantially. This is also visible in Panel (c), which shows that

when she has no preference for green investing (� “ 0), she would end up investing much more

of her wealth in the brown asset overall (wG
g,t « 13%, wG

b,t
« 87%). Therefore, the green investor

would pick a portfolio that is biased toward the brown asset in equilibrium, compared to the market

portfolio. Conversely, the counterbalancing impact of hedging terms is also visible in Panel (b):

without preference for green consumption (↵ “ 1{2), the green investor would invest an even larger

share of her wealth in the green asset (wG
g,t « 112%, wG

b,t
« 0%).

A few remaining comments on portfolios are in order.

First, like for risk premia, the impact of the hedging of the wealth share depends on the calibra-

tion, but remains in most cases more muted. In the baseline, it leads the green investor to increase

back the weight in her portfolio on the green asset slightly as seen in Figure 6 (blue component).

Second, because the green investor is more sensitive to the risks associated with consump-

tion preferences, especially the one related to the relative supply, she is more eager to strongly

tilt her portfolio according to her preferences. In practice, she is in fact willing to borrow in

the riskless bond to lever her risky portfolio weights slightly: at Xt “ p1{3, 1{3q, she borrows

|bGt | “ |1 ´ w
G
g,t ´ w

G

b,t
| “ 13% of her wealth (Figure B.10 in Appendix). The remaining investor,

because he is neutral, is willing to accommodate the green investor by lending b
N
t “ 6% of his

wealth. Those patterns of borrowing and lending are also reflected in the riskfree rate: rt increases

as xt increases, that is, as the green investor, who is a borrower, gets a larger share of total wealth.

Introducing portfolio constraints, for example, such as borrowing or shorting limits, could be an

interesting avenue for further research that could enrich those phenomena.

Third, because of the preference for green investing and green consumption of the “average

investor” in the baseline, the equity price of the green asset Qg,t is slightly overvalued compared to

an economy with � “ 0 and ↵ “ 1{2. In other words, the weight on the green asset in the market
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portfolio, which is nothing but its equity price divided by total wealth w
M
g,t ” Qg,t{pQg,t ` Qb,tq, is

slightly larger than the weight on the brown asset in the market portfolio, wM

b,t
” Qb,t{pQg,t`Qb,tq.35

This is visible in Figure B.9 in the Appendix, which plots the market portfolios in various cases,

especially in Panel (d), which focuses on the symmetric point Xt “ p1{2, 1{2q. At that point, the

weight in the market portfolio would be wM
g,t “ w

M

b,t
“ 50% for ↵ “ 0.5 (or more generally symmetric

↵s) and � “ 0, as opposed to w
M
g,t “ 65%, w

M

b,t
“ 35% in the baseline calibration. Similarly, absent

preference for green consumption and green investing, the market weights at Xt “ p1{3, 1{3q would
be strongly tilted toward the brown asset unlike Panels (a), (b), (c) of Figure B.9 for which either

� ° 0, ↵G ° 1 ´ ↵
N “ 1{2, or both.

Finally, portfolio weights, as well as how biased they are when compared to the market portfo-

lio (wM
g,t ” Qg,t{rQg,t ` Qb,ts, wM

b,t
“ 1 ´ w

M
g,t), are also strongly state-dependent. This is shown in

Figures B.11 and B.12 in the Appendix, which plot both as a function of the state of the economy

Xt “ pxt, ytq1 in the baseline calibration. For instance, both investors increase the share of their

wealth invested in the brown asset as the relative supply of the green good, yt, decreases (consistent

with the market portfolio).36

All in all, and even though those time variations in portfolios are not the focus of our empirical

analysis in Section 4, they could provide interesting avenues for further tests and research.

4 Empirical Evidence

In this section, we provide empirical evidence for the e↵ect of consumption premia on asset returns.

We focus on the e↵ect of the relative supply of green goods, as suggested by our findings in previous

sections. Strongly supporting our theoretical results, we find that this factor is significantly priced

in the cross-section of U.S. equity assets, both statistically and in terms of economic magnitude. In

recent years, the annual consumption premium on a basket of green assets has steadily increased

to being 80 bps larger than that on a basket of brown assets. More generally, assets that can hedge

shocks to the relative supply of green goods, based on their betas regardless of their environmental

ratings, carry lower returns of up to 1.5% annually.

35In equilibrium, the latter is wM

b,t “ 1 ´ wM

g,t because the bond is in zero net supply.
36They do so because of heightened relative-supply hedging motives, and despite the fact that the common com-

ponent should make them want to decrease their portfolio weight in that asset. The green investor also increases her
weight on the green asset as yt decreases because the impact of her preference for green assets is heightened by a
strongly increasing correlation across assets. Because the weight of the green asset in the market portfolio decreases
at the same time, however, the green investor has to rely on an increasing amount of borrowing in the riskfree bond
|bGt | to tilt her risky portfolio as she desires in what she perceives as bad times (i.e., when yt decreases).
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4.1 Data and factor construction

Based on our theoretical findings, our baseline empirical analysis focuses on the consumption pre-

mium related to relative supply for two reasons: (i) quantitatively, the impact of preferences for

green consumption is mainly driven by this e↵ect, while the e↵ect related to the hedging of wealth

share changes is muted; (ii) the impact of the wealth share is partly captured by the green pre-

mium, which is driven by preferences for green assets and, therefore, very related to the share of

wealth held by green investors (Pástor et al., 2022; Zerbib, 2022).

We test the existence of the consumption premium by estimating the following beta-representation,

implied by the equilibrium equations for expected returns in Proposition 2, for all assets j:

µj,t ´ rt “ �M,t�j,M,t ` �GMB,t�j,GMB,t ` �ConsHedge,t�j,ConsHedge,t ` "j,t. (16)

We perform the estimation in a standard two-stage procedure à la Fama and MacBeth (1973a).

First, quantities of risk, �j,M ,�j,GMB,�j,ConsHedge are obtained from time-series regressions of asset

excess returns on the market factor, the green-minus-brown factor reflecting investors’ preferences

for green assets (Pástor et al., 2022), and the consumption factor related to the relative supply

of green goods. More details on each are provided below. Second, prices of risk �M , �GMB, and

�ConsHedge are estimated from a cross-sectional regression of the average excess returns on each

asset on the betas.37

Given our theoretical results, we expect the price of risk associated with the relative supply of

green goods, �ConsHedge, to be strongly and significantly positive. Indeed, as discussed in Section

3, the average investor in the economy values assets whose returns are negatively correlated with

the relative supply of green goods, because these assets o↵er a hedge against those adverse states

of the world.38

We start our analysis from all common stocks (share type codes 10 and 11) listed on the New

York Stock Exchange (NYSE), American Stock Exchange (AMEX), and National Association of

Securities Dealers Automated Quotations exchange (NASDAQ; exchange codes 1, 2, and 3) in

the CRSP database. We map them to the 6-digit North American Industry Classification System

(NAICS) using CRPS/Compustat data. Given the fact that green investing rose only recently

37Theoretical expressions for the quantities of risk, �j,M,t,�j,GMB,t,�j,ConsHedge,t, and prices of risk �M,t, �GMB,t,
and �ConsHedge,t, can be derived from Equation (12) in Proposition 2.

38Equivalently, the average investor values assets whose returns are large when the relative prices of green goods
are large, so that the price of risk for such a measure is expected to be strongly and significantly negative. This is
consistent with the strong negative relationship between the relative supply of green goods and their relative prices
(see Figures 2 (a) and (b).)
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(Zerbib, 2022) and due to the availability of environmental ratings (Pástor et al., 2021), our analysis

starts in January 2007 and ends in December 2019.39

We construct four versions of the consumption hedging factor by combining di↵erent measures

for (i) the environmental footprints of companies, and (ii) the relative supply/prices of green goods.

Let us start with the main version. We rank companies according to their environmental ratings

provided by MSCI, which is the world’s largest provider of ESG ratings (Eccles and Stroehle, 2020)

and covers more firms than the other ESG raters (Berg et al., 2022).40 To capture supply changes,

we use the Industrial Production and Capacity Utilization Indices (also refered to as Production

Indices, publication G17) constructed by the Federal Reserve, which are available at the granular

6-digit NAICS level, and we compute the MSCI rating of each industry as the value-weighted MSCI

rating of all firms in that industry. We use the log change in production indices over the last two

quarters, as is common with macroeconomic data (e.g., Herskovic et al., 2019), to account for

the fact that real variables can take a while to a↵ect asset markets. Finally, we lag the measure

to avoid any look-ahead bias due to the lagged release schedule of those macroeconomic data.41

Taken together, we construct the consumption factor for relative supply as the di↵erence between

the value-weighted six-month changes in production of the industries in the greenest tercile and

those in the brownest industry tercile:

ConsHedget ”
˜

ÿ

jPG
w

M,G

j,t
dPIj,t

¸
´

˜
ÿ

jPB
w

M,B

j,t
dPIj,t

¸
, (17)

where dPI is the change in Production Index, and w
M,G and w

M,B are the market weights of the

industries in the greenest and brownest terciles, respectively, both with the appropriate lags.

The second version of the consumption factor uses carbon intensities provided by S&P-Trucost

to measure companies’ environmental footprints, instead of MSCI scores. The carbon intensity

(CI) of a company is defined as the annual amount of greenhouse gases emitted by the company

across its value chain, normalized by its annual revenues.42 The goal of this version is to ensure

that our results are not driven by a specific way of measuring greenness.

39We end the analysis in December 2019 to avoid the major disruptions to production and other variables caused
by the Covid pandemic.

40Specifically, we compute the green score at the firm-level using the procedure in Pástor et al. (2022).
41Specifically, around the 15th or 20th of a given month, the Fed only releases preliminary G17 data for the previous

month and revised/final data for the month before that. We therefore lag the values by two months to avoid any
issue. See https://www.federalreserve.gov/releases/g17/default.htm for details and examples.

42We use Trucost’s default emission scope, which includes direct and first-tier indirect emissions, that is, for a given
firm, the emissions related to the its activity (scope 1), induced by the generation of its purchased energy (scope 2),
and those of its suppliers (upstream scope 3).
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The third and fourth versions of our consumption factor follow the first (main, supply ` MSCI

score) and second (supply ` CI) versions, but use a measure of the relative prices of green goods,

as opposed to relative supply. This approach is common in the international finance literature (see,

e.g., Coeurdacier, 2009; Coeurdacier and Rey, 2013) and is helpful in cases in which there are no

high-frequency measures of relative supply. They constitute interesting robustness checks, although

we consider our versions based on production indices as cleaner measures that are more direclty

related to the relative supply shocks on which we focus in this paper. Specifically, for these versions,

we replace the 6-month changes in the Production Indices with those of the Producer Price Indices

constructed by the U.S. Bureau of Labor Statistics. We lag the measure to avoid any look-ahead

bias due to the lagged release schedule of those data. The third version uses MSCI scores (prices `
MSCI score), and the fourth one uses carbon intensities (prices ` CI) to measure the environmental

footprints of companies. Given the negative relationship between the relative supply of green goods

and their relative prices (Figures 2 (a) and (b)), we expect to obtain a significantly negative price

of risk for these versions. We carry out several additional robustness tests, which we detail in the

next section.

We construct the green factor (also referred to as green-minus-brown factor, GMBt, in the

literature) using the environmental ratings provided by MSCI. By closely following Pástor et al.

(2022), we construct this factor as a green minus brown value-weighted portfolio that is long on the

tercile of the greenest firms and short on the tercile of the brownest firms, excluding firms without

ratings. We make sure to use the ratings in the previous month to construct the factor in the

current month.

Finally, we proxy for the market component by using excess returns on the market, that is, the

standard market factor (market return minus riskfree rate) from Fama and French (2015). In the

estimations, as is usual, we also control for the small-minus-big (SMB), high-minus-low (HML),

conservative-minus-aggressive (CMA), robust-minus-weak (RMW) factors (Fama and French, 2015),

and the momentum (MOM) factor (Carhart, 1997). We obtain all those factors from Kenneth

French’s website.43

43Link: https://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html.
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Table 1: Summary statistics (%, monthly)

Variable µj ´ r ConsHedge GMB Mkt-RF SMB HML RMW CMA MOM

Mean 0.312 -1.793 0.187 0.741 0.016 -0.263 0.270 -0.010 0.059

Standard deviation 12.892 7.093 2.229 4.340 2.399 2.686 1.574 1.470 4.713

Min -38.629 -17.311 -5.757 -17.230 -4.930 -11.290 -3.880 -3.250 -34.300

25% percentile -5.566 -7.471 -0.918 -1.585 -1.837 -1.860 -0.643 -1.005 -1.775

Median 0.289 -0.651 0.233 1.240 0.180 -0.455 0.370 -0.040 0.260

75% percentile 5.698 3.669 1.369 3.348 1.435 1.073 1.198 0.887 2.680

Max 49.057 11.518 8.736 11.350 7.130 8.210 4.960 3.700 12.750

Notes: Variables are described in Section 4.1. ConsHedge is the baseline consumption factor, based on producer

prices and MSCI scores. Summary statistics are similar for other versions of the factor.

All in all, we work with a scope of 3388 stocks and estimate the specification of Equation (16)

using a two-pass (Fama and MacBeth, 1973b) regression from January 2007 to December 2019. In

the second pass, we run cross-sectional regressions of the time-series average of each asset returns

on the betas, wherein returns and betas are winsorized at the 1% level. Table 1 provides summary

statistics.

4.2 Estimation

Consistent with the characterization of the model, the results of the estimation strongly support

the existence of the relative-supply consumption premium in the cross-section of stock returns.

They are summarized in Table 2.

First, the price of risk for our baseline factors based on Production Indices, p�ConsHedge, is

positive and highly significant across all estimated specifications (Panel A, columns [1] to [4]): it

ranges from 0.62% to 0.95% per month with t-stats ranging from 4.39 to 6.34. Moreover, the price

of risk for the versions of the factors constructed using Producer Price Indices as robustness check is

also highly significant across all estimated specifications (Panel A, columns [5] to [8]) and negative:

it ranges from ´0.62% to ´0.93% bps per year with t-stats between ´3.86 and ´5.44. Both are

exactly in line with our theoretical predictions.
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Table 2: Empirical estimation of consumption premia

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Risk prices (monthly, %)

ConsHedge 0.623 0.671 0.819 0.947 -0.675 -0.620 -0.935 -0.858

(5.218) (4.393) (5.570) (6.339) (-4.164) (-3.856) (-4.830) (-5.441)

GMB 0.006 0.082 0.109 0.142 0.026 0.144 0.139 0.232

(5.918) (0.131) (1.939) (2.324) (3.633) (0.585) (3.590) (3.068)

Panel B: Premia di↵erence (annual, %)

ConsHedge 1.245 1.239 1.479 1.561 -0.928 -0.842 -1.187 -1.076

GMB 0.042 0.624 0.719 0.994 0.175 1.076 0.918 1.665

Measure Supply Supply Supply Supply Prices Prices Prices Prices

Greenness CI CI MSCI MSCI CI CI MSCI MSCI

Controls FF3 FF5MOM FF3 FF5MOM FF3 FF5MOM FF3 FF5MOM

Notes: ConsHedge andGMB refer to the consumption hedging factor and the green-minus-brown factor, respectively.

Variables are defined in Section 4.1. Newey-West t-stats are in parenthesis. Full sample: Jan. 2007-Dec. 2019.

Returns and betas are winsorized at the 1% level. The premium di↵erence for each variable is computed as the

capped value-weighted annual premium on assets with loading in the top tercile (high �̂), minus that on assets with

loading in the bottom tercile (low �̂).

Second, as they provide a hedge against a decrease in the relative supply of green goods, assets

whose returns covary most with the factor constructed from the Production Indices have a higher

risk premium than assets that do not. Panel B, specifications (1) to (4), reports the di↵erence

in the risk premium between the assets with loadings in the top tercile (high p�ConsHedge Supply)

and those with loadings in the bottom tercile (low p�ConsHedge Supply).44 The di↵erence in risk

premium is substantial: it ranges from 1.24% to 1.56% per year depending on the specification

considered, and highlights that investors undervalue assets whose payo↵s are large when green

goods are abundant. In other words, assets whose payo↵s are large when green goods are relatively

scarce are indeed good hedges, consistent with our predictions. Similarly, when we consider the

alternative consumption factor constructed from Producer Price Indices, the di↵erence in premium

between the assets with loadings in the top tercile (high p�ConsHedge Prices) and those in the bottom

tercile (low p�ConsHedge Prices) ranges from ´0.84% to ´1.19% (Panel B, specifications [5] to [8]).

44More precisely, for each tercile, we calculate the “capped value-weighted” average of the betas, wherein market
capitalizations are winsorized at the 20% and 80% levels. This follows Jensen et al. (2023) among others, and prevent
outliers from having outsized influence on the results.
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This highlights that assets whose returns are large when green goods are expensive are valued as

good hedges by investors empirically, again in line with our predictions.

Figure 7: Relative-consumption premium di↵erence between green and brown assets

Notes: This figure shows the di↵erence in consumption premium between the tercile of greenest assets (high MSCI
rating or low carbon intensity) and that of brownest assets (low MSCI rating or high carbon intensity), using our
baseline factor constructed from Production Indices. NAICS: 1 (Agriculture), 2 (Mining, Utilities, Construction), 3
(Manufacturing). Red lines are based on estimates obtained from the full sample (Jan 2007-Dec 2019), whereas green
lines are based on estimates from the recent sample (Nov 2012-Dec 2019, consistent with Pástor et al., 2022).

Third, we test whether green assets are indeed riskier from the perspective of our consumption

premium. Focusing on the environmental footprint of U.S. equity assets, that is, their MSCI envi-

ronmental scores and their carbon intensities, the tercile of greenest assets had a lower average beta

than that of brownest assets across all months between January 2007 and December 2019, con-

sistent with our findings.45 Our baseline results focus on firms with NAICS codes 1 (Agriculture,

Forestry, Fishing and Hunting), 2 (Mining, Quarrying, and Oil and Gas Extraction, Utilities, Con-

struction) and 3 (Manufacturing), which encompass sectors that produce goods and are therefore

most consistent with our model.46 In addition, the beta gap has steadily widened over time. As

a result, the di↵erence in annual consumption premium between the tercile of greenest assets and

45As a reminder, we compute MSCI green scores at the firm-level using the procedure in Pástor et al. (2022).
46In a robustness check below, we show that results do not change much when we widen the scope.
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that of brownest assets, pp�G,ConsHedge,t ´ p�B,ConsHedge,tqp�ConsHedge, has been positive throughout

the sample, and gradually increased to reach 80 bps using MSCI scores and 50 bps using carbon

intensities (Figure 7). When estimating prices of risks over a more recent sample, from November

2012 to December 2019 (consistent with the recent rise in environmental concerns and sustainable

investing documented, for example, in Pástor et al., 2022), we find that the di↵erence in annual

consumption premium has had similar dynamics and reached higher magnitudes, around 1% and

1.4% using MSCI environmental grades and carbon intensities, respectively.

These findings again strongly support the predictions of the model: brown assets provide a

better financial hedge against changes in the relative supply of green goods as compared to green

assets, which are riskier from the perspective of consumption premia. As such, the steady growth

of this premium and its current level are consistent with an asset allocation that reflects a growing

preference for green consumption.

In Appendix C, we show that our findings are stable across di↵erent robustness checks. First,

the several versions of our consumption factor remain strongly priced across various specifications

based on di↵erent factors used as controls (Appendix C.1). This is true in terms of economic

magnitude, statistical significance, and implied average risk premia. Second, results are broadly

unchanged whether we estimate the second stage without a constant (our baseline in the main

text and in C.1) or with a constant (Appendices C.2 and C.3). Third, the di↵erence in annual

consumption premium across green and brown assets also remain significant and sizable when

we include firms with NAICS code 4 (Wholesale Trade, Retail Trade, Transport, Warehousing),

although we see those sectors as less consistent with our model, which is primarily about firms

producing consumption goods. In that case, the premia di↵erential reaches around 60 bps and

1.1% when estimated based on MSCI environmental scores over the whole sample (Jan 2007–Dec

2019) and the recent sample (Nov 2012–Dec 2019), respectively.

Finally, the price of risk associated with the GMB factor is significant for almost all specifica-

tions, but contrary to what the theory predicts in equilibrium, the premium for the 33% greenest

firms is higher than that for the 33% brownest firms by 17 bps to 1.66% per year. As documented by

Pástor et al. (2021) and Bolton and Kacperczyk (2022), this e↵ect could be due to the unexpected

increase in investors’ preferences for green assets over the last few years, which has pushed up their

realized returns and does not permit to capture the green premium on expected returns.47 Several

papers have developed methods to control for this e↵ect (e.g., Ardia et al., 2021; Pástor et al., 2022;

Sautner et al., 2022; Zerbib, 2022). For example, Pástor et al. (2022) find that the green premium

47Note that our consumption factor is unlikely to be plagued by similar issues, given that it is based on macroeco-
nomic data (production indices and producer price indices).
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on U.S. equities—corresponding to the di↵erence between the premium on the expected returns

of green stocks and the premium on the expected returns of brown stocks—ranges from ´0.50%

to ´2% between 2013 and 2020. Zerbib (2022) estimates the premium at an average of ´1.50%

between 2013 and 2019. As a result, the 0.5% to 1.4% consumption premium that we estimate over

the most recent years accounts for a substantial share of the green premium estimated by Pástor

et al. (2022), thereby almost entirely o↵setting its e↵ect.

Overall, these estimations strongly support the model predictions: our consumption factor is

strongly priced, and the consumption premia can o↵set a substantial part of the green premium

on green assets. As such, the consumption premia, related to pro-environmental preferences for

green goods, help explain the limited e↵ect of green investing on the cost of capital of brown firms

as discussed in Section 5.

5 Implications for Impact Investing

Impact investing covers several investment strategies that aim at encouraging companies to change

their practices. By inducing a green premium that increases the cost of capital of polluting compa-

nies, investors’ preferences for green assets are supposed to incentivize companies to mitigate their

environmental footprints. Yet, empirical evidence suggests that the real impact is low. De Angelis

et al. (2023) find that by internalizing the climate externalities of the companies in which they in-

vest, green investors drive companies to reduce their carbon footprint at a low rate, in the range of

1% to 3% per year. In addition, Oehmke and Opp (2024), Landier and Lovo (2023), and Green and

Roth (2024) emphasize that green investors do not maximize their global impact by internalizing

only the environmental footprints of the companies in which they invest.48

Our findings have dual implications from the perspective of impact investing. First, by showing

that the green premium is counterbalanced by green investors’ preferences for green consumption,

we contribute to explaining why the impact of green investors on the cost of capital and practices

of polluting firms can be limited. Second, the overweighting of polluting companies in the port-

folios of green investors is an opportunity to leverage their shareholder position so as to increase

their engagement with these companies (e.g., private or public communications, votes in general

assemblies) and push them to become greener. This conclusion reinforces the findings of Broccardo

48The impact is larger when they internalize the environmental footprints of all firms in the economy, irrespective
of whether they invest in them (Oehmke and Opp, 2024; Green and Roth, 2024), and by prioritizing firms where the
ine�ciencies induced by the externalities are particularly acute and the capital search frictions are strong (Landier
and Lovo, 2023).
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et al. (2020), among others, who suggest that shareholder engagement is often more e↵ective than

green investment (without accounting for consumption preferences).

Be it to accelerate the ecological transition in general, or specifically to mitigate the e↵ect of

the consumption premia on firms’ cost of capital, policymakers could have di↵erent options, such

as capping (or providing a guidance on caps moving forward) green good prices or introducing a

dividend tax. For example, one can show (see Sauzet, 2022a, for details) that when investors pay

a tax ⌧ on dividends from brown firms, the expected returns are as follows:

µg,t ´ rt “ ��
J
j,t�ÄW,t

´ ��
J
g,t� rJ,t ´ xt�

G
, (18)

µb,t ´ rt “ ��
J
j,t�ÄW,t

´ ��
J
b,t
� rJ,t ` ⌧Fb,t.

Taxes on dividends can counterbalance the consumption premia on the assets of brown firms

through ⌧Fb,t and hence, increase their cost of capital. From a quantitative viewpoint, dividend

taxation has a substantial impact on expected returns if the dividend yields are su�ciently high,

or equivalently, if asset prices at a given dividend level are su�ciently low, that is, when firms’

cost of capital is high.49 Therefore, introducing a dividend tax could be all the more e↵ective

because the brownest companies are subject to transition risks (environmental regulations, carbon

prices increases, changes in consumer preferences, technological and reputational risks, etc.), which

increase their cost of capital relative to green companies. We leave a deeper exploration of those

policy options for future work.

6 Conclusion

In this paper, we show how the preferences of investors for green consumption substantially mod-

erate the e↵ect of the green premium associated with their preferences for green assets on expected

asset returns. Indeed, green assets are riskier from the perspective of consumption premia, while

brown assets provide a financial hedge against situations in which green goods are in low supply

and expensive. We find strong empirical support for our theoretical predictions in the cross-section

of U.S. equity assets. In addition to being relevant for asset pricing and capital allocation, the

main e↵ect documented in this paper has important implications for investors willing to contribute

to the ecological transition: an increase in the cost of capital of brown firms is dampened as soon

as green goods are subject to shocks that may impact their relative supply or relative prices. The

allocation of a larger share of green investors’ capital to brown firms could, therefore, provide a

49Technically, this occurs for instance when the elasticity of intertemporal substitution is not too large.
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welcome opportunity to reinforce their engagement with the most polluting firms.

The general equilibrium framework that we propose in this paper represents a basis that can

open up multiple avenues for applications and extensions. For instance, Sauzet (2024) studies what

happens when investors can only invest through index funds or financial intermediaries, which

can impede the transmission of their preferences to asset prices. We also explore various related

avenues in ongoing work, such as stochastic demand and production. It would also be valuable

to analyze alternative forms of investments and account for shareholder engagement with a view

to maximizing investors’ impact in a general equilibrium model. Another promising avenue is

to include environment-related financial risks (van den Bremer and van der Ploeg, 2021; Hambel

et al., 2022; Barnett, 2022) into this setting. Finally, constructing portfolios that are hedged

against several types of risks, notably climate risks but also the risk of a rise in green good prices,

by building on Engle et al. (2020) and Alekseev et al. (2021), constitutes an interesting direction

for future work.
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Imbs, Jean, and Isabelle Méjean, 2015, Elasticity optimism, American Economic Journal: Macroe-
conomics 7, 43–83.

Jensen, Theis Ingerslev, Bryan Kelly, and Lasse Heje Pedersen, 2023, Is there a replication crisis
in finance?, Journal of Finance 78, 2465–2518.

49
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Internet Appendix

A Additional theoretical results

A.1 Drift and di↵usion terms for any variable

Remark A.1. By Itô’s Lemma, the geometric drift and di↵usion term for any function gt “ gpXtq
are given by:

dgt

gt
“ dgpXtq

gpXtq
” µg,tdt ` �

J
g,td

~Zt (A.1)

where:
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�g,t “ gx,t
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xt�x,t ` gy,t

gt
yt�y,t (A.3)

This result is used repeatedly throughout the paper.

As a point of notation, recall that for any function g, gt simply denotes gpXtq, not the time-

derivative of g (which is zero because the model is stationary due to infinite horizon). gx,t, gy,t, gxx,t, gyy,t, gxy,t

denote the partial derivatives of gpXtq.

A.2 Returns, and risk premia

The (geometric) drifts and di↵usion terms for asset returns are obtained from Itô’s Lemma and are

as follows, for j P tg, bu

dRj,t “ µj,tdt ` �
J
j,td

~Zt (A.4)

”
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¯
dt

`
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´ �Fj ,t
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d~Zt

where µpj ,t
, µFj ,t

, �pj ,t, �Fj ,t
are obtained using Remark A.1 above.

Proposition A.1 generalizes Proposition 2 to the case in which investors have di↵erent risk

aversions, �G ‰ �
N , di↵erent elasticity of intertemporal substitutions,  G ‰  

N , and in which

both investors have preferences toward both assets, �i
j

‰ 0 for i P tG,Nu, j P tg, bu. In that
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case, the economy-wide risk aversion also becomes state-dependent, �t. This poses no particular

problem for the resolution, as our method allows for any value of the parameters. Exploring

additional asymmetries stemming from those could be an interesting avenue for future work.

Proposition A.1. The expected risk premia on the green and brown equity assets are

µg,t ´ rt “ �t�
J
g,t�ÄW,t

´ �t�
J
g,t� rJ,t ´ �t

˜
xt

�
G
g

�G
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�
N
g

�N

¸
(A.5)
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˙

where ÄWt is the total wealth, rJt is the economy-wide marginal value of wealth, �t is the wealth-

weighted risk aversion, �JG,t,�JN ,t are the geometric di↵usion terms of J
G
t , J

N
t obtained as in

Remark A.1 above, and
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A.3 Portfolios

Proposition A.2 generalizes Proposition 3 to the case in which investors have di↵erent risk aversions,

�
G ‰ �

N , di↵erent elasticity of intertemporal substitutions,  G ‰  
N , and in which both investors

have preferences toward both assets, �i
j

‰ 0 for i P tG,Nu, j P tg, bu. In that case, the economy-

wide risk aversion also becomes state-dependent, �t. This poses no particular problem for the

resolution, as our method allows for any value of the parameters. Exploring additional asymmetries

stemming from those could be an interesting avenue for future work.

Proposition A.2. The optimal portfolios of the green and neutral investors j P tG,Nu are given

by
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(A.6)
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J
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xt�x,t ` J
N
y,t

J
N
t

yt�y,t

¸+

b
N

t “ 1 ´ w
N

g,t ´ w
N

b,t
(A.7)

where w
i
g,t, w

i

b,t
, b

i
t are the portfolio weights (as a share of wealth) allocated to the green equity asset,

the brown equity asset, and the riskless bond, and ⌃t ”
”
�g,t �b,t

ı
.
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A.4 Equilibrium

The definition of the equilibrium is standard.

Definition 1. A competitive equilibrium is a set of aggregate stochastic processes adapted to the

filtration generated by ~Z: the price of the equity asset (Qg,t, Qb,t), and the interest rate (rt), to-

gether with a set of individual stochastic processes for each investor: consumption of each good

(CG
g,t, C

G

b,t
, C

N
g,t, C

N

b,t
), wealth (WG

t ,W
N
t ), and portfolio shares (wG

g,t, w
N

b,t
, w

G
g,t, w

N

b,t
), such that, given

the output of the two endowment trees (Yg,t, Yb,t):

1. Given the aggregate stochastic processes, individual choices solve the investor optimization

problem given in Section 2.

2. Markets clear.

(a) Good markets:

C
G

g,t ` C
N

g,t “ Yg,t (A.8)

C
G

b,t
` C

N

b,t
“ Yb,t

(b) Equity markets:

w
G

g,tW
G

t ` w
N

g,tW
N

t “ Qg,t (A.9)

w
G

b,t
W

G

t ` w
N

b,t
W

N

t “ Qb,t

Most importantly, as shown in Section 2.3 of the main text, the equilibrium can be recast as

a stationary recursive Markovian equilibrium in which all variables of interest are expressed as a

function of a pair of state variables Xt ” pxt, ytq1, whose dynamics are also solely a function of Xt.

xt is the wealth share of the green investor, and yt is the relative supply of the green good.
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A.5 Evolutions of the state variables

Due to the Markovian nature of the equilibrium, the laws of motion of the state variables underlie

the dynamics of the economy. They are summarized in Proposition A.3.

Proposition A.3. The laws of motion for the wealth share of the green investor xt, and the relative

supply of the green good yt are

dxt

xt
” µx,tdt ` �

J
x,td

~Zt (A.10)

dyt

yt
” µy,tdt ` �

J
y,td

~Zt

where

µx,t “
`
w

G
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M

g,t

˘
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Fg,tw
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G

t c
G
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˘J `
w

M
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˘
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G

g,t ´ w
M

g,t

˘
�g,t `

`
w

M

b,t
´ w

M

b,t

˘
�b,t

˘

µy,t “ p1 ´ ytq
`
µYg

´ µYb

˘
´ p1 ´ ytq

`
�Yg

´ �Yb

˘J `
yt�Yg

` p1 ´ ytq�Yb

˘

�y,t “ p1 ´ ytq
`
�Yg

´ �Yb

˘

and w
M
g,t ” Qg,t{pQg,t `Qb,tq, wM

b,t
” Qb,t{pQg,t `Qb,tq are the weights of the green and brown equity

assets in the market portfolio, with w
M
g,t defined in Equation (6) and w

M

b,t
“ 1 ´ w

M
g,t in equilibrium

because the bond is zero net supply.

Figure A.1 show the drift and di↵usion terms for yt, the relative supply of the green good.

They do not depend on the wealth share of the green investor xt or on parameters beyond

µYg
, µYb

,�Yg
,�Yb

, because yt is purely determined by the outputs of the green and brown trees.

Figures A.2, A.3, A.4 show the drift and di↵usion terms for xt, the wealth share of the green

investor, for various calibrations. As mentioned in the main text, the di↵usion terms for xt, and

therefore the covariance between state variables, are inherently dependent on the portfolio bias of

the green investor, which in turn depends strongly on her preference for green consumption (↵)

and green investing (�).
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Figure A.1: Drift and di↵usion terms for the relative supply of the green good yt

(a) Drift of yt:

µy,tyt

(b) Loading of yt on shock to

green output: �yZg ,tyt

(c) Loading of yt on shock to

brown output: �yZb,t
yt

Notes: Based on the calibration of Assumption 1. yt is the relative supply of the green good, which is exogenous so

that its drift and di↵usion terms do not depend on the wealth share of the green investor xt.
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Figure A.2: Drift for the wealth share of the green investor xt: µx,txt

(a) Baseline calibration

(↵ “ 0.85,� “ 1%)

(b) No preference for green consumption

(↵ “ 1{2,� “ 1%)

(c) No preference for green investing

(↵ “ 0.85,� “ 0)

(d) Limited preference for green investing

(↵ “ 0.85,� “ 0.5%)

Notes: Based on the calibration of Assumption 1, with � “ 50, except for the specified parameters. xt is the wealth

share of the green investor. yt is the relative supply of the green good.
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Figure A.3: Di↵usion terms for the wealth share of the green investor xt

(a) Baseline calibration (↵ “ 0.85,� “ 1%)

Loading of xt on shock to

green output: �xZg ,tyt

Loading of xt on shock to

green output: �xZg ,tyt

Cov. of state variables:

covtpdxt, dytqdt´1

(b) No preference for green consumption (↵ “ 1{2,� “ 1%)

Loading of xt on shock to

green output: �xZg ,tyt

Loading of xt on shock to

green output: �xZg ,tyt

Cov. of state variables:

covtpdxt, dytqdt´1

Notes: Based on the calibration of Assumption 1, with � “ 50, except for the specified parameters. xt is the wealth

share of the green investor. yt is the relative supply of the green good.
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Figure A.4: Di↵usion terms for the wealth share of the green investor xt

(c) No preference for green investing (↵ “ 0.85,� “ 0)

Loading of xt on shock to

green output: �xZg ,tyt

Loading of xt on shock to

green output: �xZg ,tyt

Cov. of state variables:

covtpdxt, dytqdt´1

(d) Limited preference for green investing (↵ “ 0.85,� “ 0.5%)

Loading of xt on shock to

green output: �xZg ,tyt

Loading of xt on shock to

green output: �xZg ,tyt

Cov. of state variables:

covtpdxt, dytqdt´1

Notes: Based on the calibration of Assumption 1, with � “ 50, except for the specified parameters. xt is the wealth

share of the green investor. yt is the relative supply of the green good.
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A.6 Marginal values of wealth and Hamilton-Jacobi-Bellman equations

Proposition A.4. J
G
t , J

N
t satisfy the Hamilton-Jacobi-Bellman equations for i P tG,Nu
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where µJi,t,�Ji,t are the geometric drift and di↵usion terms of J i
t obtained as in Remark A.1:

dJ
i
t

J
i
t

” µJi,tdt ` �
J
Ji,t

d~Zt (A.12)

A.7 Consumptions, goods prices

Proposition A.5. The consumption of each investor i P tG,Nu is given by

c
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t (A.13)
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t (A.15)
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↵
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iqp1´✓

b,t

ı1{p1´✓q
(A.16)
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Proposition A.6. The relative price of the green good, qt “ qpXtq ” pg,t{pb,t, solves the following

non-linear equation

qt “ S
1{✓
t

ˆ
1 ´ yt

yt

˙1{✓
(A.17)

where

St “ ↵
G
J
G
t xtP

G✓´ 
t

` ↵
N
P

N✓´ 
t

J
N
t p1 ´ xtq

p1 ´ ↵GqPG✓´ 
t

J
G
t
xt ` p1 ´ ↵N qPN✓´ 

t
J
N
t

p1 ´ xtq

Using the defintion of the numéraire, with a “ 1{2, prices follow

pg,t “
´
a ` p1 ´ aqq✓´1

t

¯1{p✓´1q
(A.18)

pb,t “ pg,tq
´1
t

“
´
aq

1´✓
t

` p1 ´ aq
¯1{p✓´1q

(A.19)
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1´✓
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iqp1´✓

b,t

ı1{p1´✓q
(A.20)

Et “ P
G

t {PN

t (A.21)
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B Additional figures

B.1 Economic set-up

Figure B.1: The Economy

Source: Vecteezy.com. Back to main text: Section 2.

64



B.2 Riskfree interest rate, risk premia, discount rates

Figure B.2: Market Yield on U.S. Treasury Securities at 10-Year Constant Maturity, Inflation-
Indexed

-1.50%
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0.50%

1.00%

1.50%

2.00%

2.50%

3.00%

3.50%

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Source: Federal Reserve Economic Data (FRED), Federal Reserve Bank of St. Louis.
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Figure B.3: Riskfree interest rate (rt) for various calibrations

(a) Baseline

(� “ 50,↵ “ 0.85,� “ 1%)

(b) No pref. green cons.

(� “ 50,↵ “ 1{2,� “ 1%)

(c) No pref. green inv.

(� “ 50,↵ “ 0.85,� “ 0%)

(d) � “ 15,↵ “ 0.75,� “ 1% (e) � “ 25,↵ “ 0.75,� “ 1% (f) � “ 50,↵ “ 0.75,� “ 1%

Notes: Based on the calibration of Assumption 1, except for the specified parameters. xt is the wealth share of the

green investor. yt is the relative supply of the green good.
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Figure B.4: Risk premia under CRRA preferences (%)

(a) Green risk premium (µg,t ´ rt) (b) Brown risk premium (µb,t ´ rt)

(c) Green discount rate (µg,t) (d) Brown discount rate (µb,t)

(e) Riskfree rate (rt)

Notes: Based on the calibration of Assumption 1, with � “ 25 and  “ 1{�. xt is the wealth share of the green

investor. yt is the relative supply of the green good. 67



Figure B.5: Risk premia under baseline recursive preferences (%)

(a) Green risk premium (µg,t ´ rt) (b) Brown risk premium (µb,t ´ rt)

(c) Green discount rate (µg,t) (d) Brown discount rate (µb,t)

(e) Riskfree rate (rt)

Notes: Based on the calibration of Assumption 1, with � “ 25. xt is the wealth share of the green investor. yt is the

relative supply of the green good. 68



B.3 Quantities and prices of risk

Figure B.6: Quantities of risk

(a) Green asset returns on xt risk

covtpdRg,t, dxtqdt´1 “ �
J
g,t�x,txt

(b) Brown asset returns on xt risk

covtpdRb,t, dxtqdt´1 “ �
J
b,t
�x,txt

(c) Green asset returns on yt risk

covtpdRg,t, dytqdt´1 “ �
J
g,t�y,tyt

(d) Brown asset returns on yt risk

covtpdRb,t, dytqdt´1 “ �
J
b,t
�y,tyt

Notes: Based on the calibration of Assumption 1, with � “ 50. xt is the wealth share of the green investor. yt is the

relative supply of the green good.
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Figure B.7: Quantities of risk

(a) Price of xt risk
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* (b) Price of yt risk
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Notes: Based on the calibration of Assumption 1, with � “ 50. xt is the wealth share of the green investor. yt is the

relative supply of the green good.
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B.4 Second moment of returns

Figure B.8: (Instantaneous) Second moment of returns

(a) Covariance of returns

covtpdRg,t, dRb,tqdt´1 “ �
J
g,t�b,t

(b) Correlation of returns

corrtpdRb,t, dRb,tqdt´1

(c) Volatility of green asset returns

voltpdRg,tq “
`
�

J
g,t�g,t

˘1{2
(d) Volatility of brown asset returns

voltpdRb,tq “
´
�

J
b,t
�b,t

¯1{2

Notes: Based on the calibration of Assumption 1, with � “ 50. xt is the wealth share of the green investor. yt is the

relative supply of the green good.
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B.5 Portfolios

Figure B.9: Market portfolio at Xt “ p1{3, 1{3q, and Xt “ p1{2, 1{2q

0%

10%

20%

30%

40%

50%

60%

70%

wgM wbM wgM wbM wgM wbM wgM wbM

(a) Baseline (! = 50)
X = (1/3,1/3)

(b) No pref. for green 
consumption (" = 1/2)

X = (1/3,1/3)

(c) No pref. for green 
investing (# = 0)

X = (1/3,1/3)

(d) Baseline (! = 50)
X = (1/2,1/2)

Total

Notes: Based on the calibration of Assumption 1, except for the specified parameters. The figure shows the market

portfolio at Xt ” pxt, ytq1 “ p1{3, 1{3q for Panels (a), (b), (c), and at Xt “ p1{2, 1{2q for Panel (d). wM

g,t ”
Qg,t{pQg,t ` Qb,tq, wM

b,t ” Qg,t{pQg,t ` Qb,tq are the weights (as % of wealth) on the green and brown asset in the

market portfolio. In equilibrium, wM

b,t “ 1 ´ wM

g,t because the bond is in zero net supply.
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Figure B.10: Borrowing and saving in the riskless bond at Xt “ p1{3, 1{3q, and Xt “ p1{2, 1{2q

-15%
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(a) Baseline (! = 50)
X = (1/3,1/3)

(b) No pref. for green 
consumption (" = 1/2)

X = (1/3,1/3)

(c) No pref. for green 
investing (# = 0)

X = (1/3,1/3)

(d) Baseline (! = 50)
X = (1/2,1/2)

Total

Notes: Based on the calibration of Assumption 1, except for the specified parameters. The figure shows bit “
1 ´ wi

g,t ´ wi

b,t, the weight (as % of wealth) allocated to the riskfree bond by each investor, i P tG,Nu. bit ° 0

corresponds to saving in the bond, bit † 0 corresponds to borrowing.
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Figure B.11: Portfolios of both investors, i P tG,Nu (% of wealth)

(a) Green asset in green portfolio (wG
g,t) (b) Green asset in neutral portfolio (wN

g,t)

(c) Brown asset in green portfolio (wG

b,t
) (d) Brown asset in neutral portfolio (wN

b,t
)

(e) Riskfree bond in green portfolio

(bGt “ 1 ´ w
G
g,t ´ w

G

b,t
)

(f) Riskfree bond in neutral portfolio

(bNt “ 1 ´ w
N
g,t ´ w

N

b,t
)

Notes: Based on the calibration of Assumption 1, with � “ 50. xt is the wealth share of the green investor. yt is the

relative supply of the green good.
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Figure B.12: Portfolios of both investors, i P tG,Nu, vs. market portfolio (%)

(a) Green asset in market portfolio (wM
g,t) (b) Brown asset in market portfolio (wM

g,t)

(c) Bias on green asset in green vs. market

portfolio (wG
g,t ´ w

M
g,t)

(d) Bias on brown asset in green vs. market

portfolio (wG

b,t
´ w

M

b,t
)

(e) Bias on green asset in neutral vs. market

portfolio (wN
g,t ´ w

M
g,t)

(f) Bias on brown asset in neutral vs. market

portfolio (wN

b,t
´ w

M

b,t
)

Notes: Based on the calibration of Assumption 1, with � “ 50. xt is the wealth share of the green investor. yt is the

relative supply of the green good.
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C Empirics – Additional results

C.1 Estimation without constant (baseline), detailed tables

Table C.1: Empirical estimation of consumption premia (without constant, consumption factor
based on production indices, and MSCI environmental scores)

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Risk prices (monthly, %)

Cons. hedge 0.702 0.995 0.491 0.819 0.747 0.877 0.947

(5.146) (7.673) (3.381) (5.570) (5.135) (5.911) (6.339)

GMB 0.124 0.052 -0.025 0.109 0.145 0.111 0.142

(2.085) (0.918) (-0.444) (2.324) (3.379) (2.586) (3.633)

Panel B: Premia di↵erence (annual, %)

Cons. hedge 1.633 2.305 0.884 1.479 1.228 1.562 1.561

GMB 0.838 0.352 -0.161 0.719 0.939 0.762 0.994

Controls CAPM FF3 FF3MOM FF5 FF5MOM

Notes: ConsHedge and GMB refer to the consumption hedging factor and the green-minus-brown factor. Variables

are defined in Section 4.1. Newey-West t-stats are in parenthesis. Full sample: Jan. 2007-Dec. 2019. Returns and

betas are winsorized at the 1% level. The premium di↵erence for each variable is computed as the capped value-

weighted annual premium on assets with loading in the top tercile (high �̂), minus that on assets with loading in the

bottom tercile (low �̂).
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Table C.2: Empirical estimation of consumption premia (without constant, consumption factor
based on production indices, and carbon intensities)

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Risk prices (monthly, %)

Cons. hedge 0.610 0.822 0.542 0.623 0.785 0.391 0.671

(4.153) (5.776) (3.887) (5.218) (5.359) (3.426) (4.393)

GMB 0.124 0.139 0.095 0.006 0.026 0.033 0.082

(2.085) (2.409) (1.899) (0.131) (0.559) (0.865) (1.939)

Panel B: Premia di↵erence (annual, %)

Cons. hedge 1.436 2.004 1.065 1.245 1.474 0.754 1.239

GMB 0.838 0.975 0.639 0.042 0.177 0.250 0.624

Controls CAPM FF3 FF3MOM FF5 FF5MOM

Notes: ConsHedge and GMB refer to the consumption hedging factor and the green-minus-brown factor. Variables

are defined in Section 4.1. Newey-West t-stats are in parenthesis. Full sample: Jan. 2007-Dec. 2019. Returns and

betas are winsorized at the 1% level. The premium di↵erence for each variable is computed as the capped value-

weighted annual premium on assets with loading in the top tercile (high �̂), minus that on assets with loading in the

bottom tercile (low �̂).
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Table C.3: Empirical estimation of consumption premia (without constant, consumption factor
based on producer price indices, and MSCI environmental scores)

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Risk prices (monthly, %)

Cons. hedge -0.029 -0.294 -0.697 -0.935 -0.852 -0.844 -0.858

(-0.149) (-1.568) (-3.821) (-4.830) (-5.016) (-4.820) (-5.441)

GMB 0.124 0.199 0.067 0.139 0.174 0.203 0.232

(2.085) (3.826) (1.365) (3.068) (4.126) (5.112) (5.918)

Panel B: Premia di↵erence (annual, %)

Cons. hedge -0.039 -0.405 -0.927 -1.187 -1.041 -1.067 -1.076

GMB 0.838 1.370 0.429 0.918 1.163 1.465 1.665

Controls CAPM FF3 FF3MOM FF5 FF5MOM

Notes: ConsHedge and GMB refer to the consumption hedging factor and the green-minus-brown factor. Variables

are defined in Section 4.1. Newey-West t-stats are in parenthesis. Full sample: Jan. 2007-Dec. 2019. Returns and

betas are winsorized at the 1% level. The premium di↵erence for each variable is computed as the capped value-

weighted annual premium on assets with loading in the top tercile (high �̂), minus that on assets with loading in the

bottom tercile (low �̂).

78



Table C.4: Empirical estimation of consumption premia (without constant, consumption factor
based on producer price indices, and carbon intensities)

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Risk prices (monthly, %)

Cons. hedge -0.256 -0.499 -0.621 -0.675 -0.469 -0.790 -0.620

(-1.470) (-3.488) (-3.695) (-4.164) (-3.119) (-5.088) (-3.856)

GMB 0.124 0.125 0.004 0.026 0.089 0.061 0.144

(2.085) (2.500) (0.073) (0.585) (2.156) (1.709) (3.590)

Panel B: Premia di↵erence (annual, %)

Cons. hedge -0.384 -0.752 -0.895 -0.928 -0.622 -1.102 -0.842

GMB 0.838 0.884 0.024 0.175 0.606 0.454 1.076

Controls CAPM FF3 FF3MOM FF5 FF5MOM

Notes: ConsHedge and GMB refer to the consumption hedging factor and the green-minus-brown factor. Variables

are defined in Section 4.1. Newey-West t-stats are in parenthesis. Full sample: Jan. 2007-Dec. 2019. Returns and

betas are winsorized at the 1% level. The premium di↵erence for each variable is computed as the capped value-

weighted annual premium on assets with loading in the top tercile (high �̂), minus that on assets with loading in the

bottom tercile (low �̂).
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C.2 Estimation with constant, main table

Table C.5: Empirical estimation of consumption premia (with constant)

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Risk prices (monthly, %)

Cons. hedge 0.577 0.638 0.717 0.856 -0.690 -0.564 -0.949 -0.819

(4.739) (4.249) (4.952) (5.850) (-4.269) (-3.611) (-4.966) (-5.341)

GMB -0.004 0.074 0.099 0.135 0.007 0.129 0.122 0.223

(-0.092) (1.759) (2.102) (3.479) (0.150) (3.225) (2.693) (5.703)

Panel B: Premia di↵erence (annual, %)

Cons. hedge 1.149 1.176 1.289 1.403 -0.949 -0.768 -1.204 -1.030

GMB -0.030 0.560 0.652 0.944 0.046 0.960 0.808 1.598

Measure Supply Supply Supply Supply Prices Prices Prices Prices

Greenness CI CI MSCI MSCI CI CI MSCI MSCI

Controls FF3 FF5MOM FF3 FF5MOM FF3 FF5MOM FF3 FF5MOM

Notes: ConsHedge and GMB refer to the consumption hedging factor and the green-minus-brown factor. Variables

are defined in Section 4.1. Newey-West t-stats are in parenthesis. Full sample: Jan. 2007-Dec. 2019. Returns and

betas are winsorized at the 1% level. The premium di↵erence for each variable is computed as the capped value-

weighted annual premium on assets with loading in the top tercile (high �̂), minus that on assets with loading in the

bottom tercile (low �̂).
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C.3 Estimation with constant, detailed tables

Table C.6: Empirical estimation of consumption premia (with constant, consumption factor based
on production indices, and MSCI environmental scores)

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Risk prices (monthly, %)

Cons. hedge 0.668 0.995 0.402 0.717 0.626 0.782 0.856

(4.495) (7.013) (2.763) (4.952) (4.390) (5.407) (5.850)

GMB 0.118 0.052 -0.042 0.099 0.150 0.099 0.135

(1.990) (0.920) (-0.720) (2.102) (3.556) (2.309) (3.479)

Panel B: Premia di↵erence (annual, %)

Cons. hedge 1.553 2.305 0.718 1.289 1.022 1.385 1.403

GMB 0.799 0.352 -0.264 0.652 0.971 0.679 0.944

Controls CAPM FF3 FF3MOM FF5 FF5MOM

Notes: ConsHedge and GMB refer to the consumption hedging factor and the green-minus-brown factor. Variables

are defined in Section 4.1. Newey-West t-stats are in parenthesis. Full sample: Jan. 2007-Dec. 2019. Returns and

betas are winsorized at the 1% level. The premium di↵erence for each variable is computed as the capped value-

weighted annual premium on assets with loading in the top tercile (high �̂), minus that on assets with loading in the

bottom tercile (low �̂).
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Table C.7: Empirical estimation of consumption premia (with constant, consumption factor based
on production indices, and carbon intensities)

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Risk prices (monthly, %)

Cons. hedge 0.584 0.822 0.489 0.577 0.736 0.363 0.638

(3.665) (5.369) (3.484) (4.739) (5.135) (3.190) (4.249)

GMB 0.118 0.139 0.101 -0.004 0.036 0.035 0.074

(1.990) (2.411) (2.037) (-0.092) (0.783) (0.927) (1.759)

Panel B: Premia di↵erence (annual, %)

Cons. hedge 1.374 2.002 0.957 1.149 1.378 0.699 1.176

GMB 0.799 0.975 0.679 -0.030 0.245 0.267 0.560

Controls CAPM FF3 FF3MOM FF5 FF5MOM

Notes: ConsHedge and GMB refer to the consumption hedging factor and the green-minus-brown factor. Variables

are defined in Section 4.1. Newey-West t-stats are in parenthesis. Full sample: Jan. 2007-Dec. 2019. Returns and

betas are winsorized at the 1% level. The premium di↵erence for each variable is computed as the capped value-

weighted annual premium on assets with loading in the top tercile (high �̂), minus that on assets with loading in the

bottom tercile (low �̂).
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Table C.8: Empirical estimation of consumption premia (with constant, consumption factor based
on producer price indices, and MSCI environmental scores)

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Risk prices (monthly, %)

Cons. hedge 0.008 -0.275 -0.703 -0.949 -0.859 -0.836 -0.819

(0.041) (-1.456) (-3.894) (-4.966) (-5.132) (-4.890) (-5.341)

GMB 0.118 0.185 0.045 0.122 0.174 0.182 0.223

(1.990) (3.530) (0.897) (2.693) (4.152) (4.629) (5.703)

Panel B: Premia di↵erence (annual, %)

Cons. hedge 0.011 -0.379 -0.936 -1.204 -1.049 -1.057 -1.030

GMB 0.799 1.270 0.288 0.808 1.160 1.314 1.598

Controls CAPM FF3 FF3MOM FF5 FF5MOM

Notes: ConsHedge and GMB refer to the consumption hedging factor and the green-minus-brown factor. Variables

are defined in Section 4.1. Newey-West t-stats are in parenthesis. Full sample: Jan. 2007-Dec. 2019. Returns and

betas are winsorized at the 1% level. The premium di↵erence for each variable is computed as the capped value-

weighted annual premium on assets with loading in the top tercile (high �̂), minus that on assets with loading in the

bottom tercile (low �̂).
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Table C.9: Empirical estimation of consumption premia (with constant, consumption factor based
on producer price indices, and carbon intensities)

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Risk prices (monthly, %)

Cons. hedge -0.219 -0.480 -0.612 -0.690 -0.408 -0.761 -0.564

(-1.236) (-3.306) (-3.676) (-4.269) (-2.819) (-4.999) (-3.611)

GMB 0.118 0.119 -0.001 0.007 0.094 0.052 0.129

(1.990) (2.361) (-0.015) (0.150) (2.306) (1.459) (3.225)

Panel B: Premia di↵erence (annual, %)

Cons. hedge -0.330 -0.724 -0.883 -0.949 -0.544 -1.063 -0.768

GMB 0.799 0.838 -0.005 0.046 0.642 0.387 0.960

Controls CAPM FF3 FF3MOM FF5 FF5MOM

Notes: ConsHedge and GMB refer to the consumption hedging factor and the green-minus-brown factor. Variables

are defined in Section 4.1. Newey-West t-stats are in parenthesis. Full sample: Jan. 2007-Dec. 2019. Returns and

betas are winsorized at the 1% level. The premium di↵erence for each variable is computed as the capped value-

weighted annual premium on assets with loading in the top tercile (high �̂), minus that on assets with loading in the

bottom tercile (low �̂).
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C.4 Consumption premia, additional figures

Figure C.1: Relative-consumption premium di↵erence between green and brown assets, including
NAICS 4

Notes: This figure depicts the di↵erence in relative-supply consumption premium, constructed using Production

Indices, between the tercile of greenest assets (high MSCI rating or low carbon intensity) and that of brownest assets

(low MSCI rating or high carbon intensity), in consumer-related sectors, including NAICS 4: NAICS: 1 (Agriculture),

2 (Mining, Utilities, Construction), 3 (Manufacturing), 4 (Wholesale Trade, Retail Trade, Transport, Warehousing).
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