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Abstract

This paper develops and applies an equilibrium model that accounts for ESG de-
mand and supply dynamics. In equilibrium, ESG preference shocks represent a
novel risk source characterized by diminishing marginal utility and positive pre-
mium. Expected green asset returns are negatively associated with time-varying
convenience yield, while exposures to ESG preference shocks lead to positive green
premia. Augmenting these conflicting forces with positive contemporaneous effects
of preference shocks on realized returns, the green-minus-brown portfolio delivers
large positive payoffs for reasonably long horizons. Nonpecuniary benefits from ESG

investing account for a nontrivial and increasing fraction of total consumption.
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1 Introduction

In 2020, sustainable funds pulled $370 billion in new money, more than twice the amount
in 2019, while flows for the first half of 2021 are already at $320 billion. In addition, as of
June 2021, the combined assets managed by sustainable funds reached $2.25 trillion, up
from about $700 billion at the end of 2018.1 While the exponential growth in sustainable
investing has been quite consistent over recent years, the coronavirus pandemic has even
intensified discussions about the interconnectedness of sustainability and capital markets.
For one, J.P. Morgan argues in a July 2020 research letter that the pandemic and the
destruction left in its wake could lead to a greater adoption of impact investing.? The
notion is that some policymakers and investors perceive the crisis as a wake-up call that
accelerates the quest for a different investment philosophy, as parallels have been drawn
between the unforeseen risks of a pandemic and risks associated with climate change.
Sustainable investors aim to generate measurable social and environmental impacts along
with financial returns. Incremental value is attributed to the role that sustainable assets
play in reshaping global standards.

The asset pricing literature has responded to the growing interest in social investing.
Péstor et al. (2021a) consider an agent who derives nonpecuniary benefits from holding
green stocks. They propose a CAPM representation for the cross section of average
returns, with alpha that is inversely related to the ESG score of a firm, and they also
motivate an alternative specification where the market portfolio is augmented by an ESG
factor. Avramov et al. (2021) account for uncertainty about the correct ESG profile of
a firm in analyzing investment decisions and asset pricing. Berk and van Binsbergen
(2021) consider a market where a fraction of investors is ESG sensitive and study the
impact of ESG divestitures on the cost of capital. Notably, all these studies formulate a
single-period equilibrium.

This paper develops and implements an equilibrium model that accounts for ESG
demand and supply dynamics. The model applies to both the aggregate market and the
cross section of individual assets. A dynamic model is motivated on several grounds.
In the first, it can naturally accommodate preference shocks for sustainable investing.
Preference shocks reflect the unexpected component of the growing interest in sustain-
able investing over recent years. While preference shocks are advocated in a general
context by Albuquerque et al. (2016) and Schorfheide et al. (2018), we focus on ESG-

!Figures are from Morningstar.
’https://www. jpmorgan.com/insights/research/covid-19-esg-investing.
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related shocks, consistent with evidence. Second, a dynamic model can also account for
supply shocks. The market ESG profile represents the supply side. More sustainable
products and services as well as advanced technological breakthroughs (e.g., technologi-
cal innovations for building sustainable cities, cars, and plants) are mapped into growing
supply. Third, the nonpecuniary benefits from social investing could vary with the state
of the economy. For instance, Bansal et al. (2021) document that preference for socially-
responsible investing is procyclical. Finally, dynamic models have been more successful
in capturing asset pricing regularities, such as the high equity premium, the low risk free
rate, and the excess volatility (e.g., Weil, 1989; Bansal and Yaron, 2004). As we develop
the theory section, we show that the proposed equilibrium provides incremental insights
about the asset pricing implications of sustainable investing, while empirical experiments
reinforce the lessons.

The model proceeds as follows. Agent’s preferences are formulated through a modified
version of Epstein and Zin (1989, 1991) that accounts for the ESG profile of the invest-
ment universe. In addition to deriving utility from the physical consumption, the agent
extracts nonfinancial benefits from holding green assets through a two-good economy.
ESG benefits establish the second good, while its share in the overall consumption bun-
dle depends on the demand and the supply of sustainable investing and their time-series
dynamics. The two-good economy extends the traditional consumption CAPM of Lucas
(1978) and Breeden (1979). For instance, the second good is a luxury good in Ait-Sahalia
et al. (2004), the service flow of durable goods in Yogo (2006), housing in Piazzesi et al.
(2007), leisure in Van Binsbergen et al. (2012), and money in Bakshi and Chen (1996)
and Lioui and Maio (2014).

There are three factors driving the risk premia in the economy. The first is consump-
tion growth, as in standard consumption based models, while the others are ESG related.
The second factor reflects the return on aggregate wealth, as in standard recursive prefer-
ences, but there is an important difference. In particular, when the agent is brown averse
and the market is green, the effective (ESG-adjusted) return on wealth is perceived higher
than the physical return. A higher preference for sustainable investing leads to the same
outcome. The third factor represents the growth in the ratio of total consumption bundle
to physical consumption and is related to the intertemporal variation of the aggregate
benefits from ESG investing relative to physical consumption. The third factor character-
izes two good economies. In our setup, because the consumption stream and the trading
strategy that defines the second consumption good are nonseparable (which would also

apply under time-additive preferences), the third factor evolves endogenously.



Beyond the incremental contribution of the two ESG related factors, there is also a
convenience yield effect, which reflects the notion that a brown-averse agent is willing
to compromise on a lower risk premium when holding green assets. The convenience
yield terminology is adopted from Krishnamurthy and Vissing-Jorgensen (2012), who
formulate consumption that contains convenience benefits from investing in liquid and
safe U.S. Treasuries. In our setup, the convenience yield effect echoes the negative ESG-
alpha relation in Péstor et al. (2021a).

The dynamic setup offers several insights. First, the convenience yield is not fixed
but rather it varies with ESG demand and supply. Second, as the agent’s value function
is concave in both ESG demand and supply, positive demand or supply shocks are asso-
ciated with diminishing marginal utility. We show that as the market gets more green,
a brown-averse agent becomes more sensitive to ESG demand and supply shocks and
would thus require a higher risk premium for holding the market. The required premium
increases with the volatility of demand and supply shocks. Moreover, green assets are
associated with a positive risk premium due to ESG demand shocks, while negative risk
premium applies to brown assets. The risk premium channel, hence, challenges the nega-
tive ESG-expected return relation that characterizes the static setup. Taken together, the
ESG-expected return relation fluctuates due to time variation in the convenience yield
component, and can eventually go either way.

Next, we take the model to data. The sample spans the 1992 through 2020 period. The
model can be represented through a linear state space obtained by stacking the dynamics
of consumption growth, aggregate ESG supply, aggregate ESG demand, portfolio ESG
scores and excess returns, and the market excess return. We consider green, brown,
and green-neutral portfolios along with the market portfolio. The joint dynamics is
described through structural vector autoregression of order one. Because some of the
dynamics (e.g., ESG demand) are unobserved, we use the Kalman filter for estimating
the model parameters. We first note that the market-implied estimate for the ESG
preference displays time-series patterns that closely follow trends in the interest in ESG
investing, as reflected by other sentiment measures based on the number of web searches
through Google Trends or press attention in Factiva records.

In a dynamic model, there is a wedge between realized and expected returns. In par-
ticular, the model-implied average expected excess return of the green portfolio is 7.38%,
while it is higher at 8.29% for the brown. The green-minus-brown portfolio has a nega-
tive and statistically significant average expected return of —0.91% per annum. However,

throughout the sample, the unexpected shocks to ESG demand induce a positive unex-



pected return that adds to the conditional expected return of green assets. Considering
the combined effect of the conditional expected return and the unexpected return due to
demand shocks, the green-minus-brown portfolio average return is minor at —0.05% and
insignificant, consistent with the negligible spread observed in the data.

Then, over recent years, the shift in tastes for ESG investing plays a meaningful role
on the realized return of the green-minus-brown portfolio. To illustrate, between 2018
and 2020, the average conditional expected return of the green-minus-brown portfolio
is negative at —0.97% per annum, while the model-implied annual return accounting
also for ESG demand shocks is 8.39%, close to the realized value of 7.19%. As the
impact of unanticipated ESG demand shocks on realized returns can be sizable, this
calls for caution when inferring future returns of ESG investments based on past realized
returns. If anything, due to increasing convenience yield, future returns of green assets
are expected to diminish. By providing a structural description for the relation between
unexpected shocks to ESG demand and realized returns, our work lends support to the
findings in Pastor et al. (2021b), who highlight the positive association between shifts in
environmental concerns and unexpected returns of environmentally-friendly stocks.

We further illustrate the expected-realized return gap. While the realized return of the
green-minus-brown portfolio is around zero, during the entire sample, once we exclude the
effect of ESG demand shocks on realized return, the cumulative return drops to —28%. In
addition, from impulse response experiments based on the sample estimated parameters,
we learn that the cumulative return of the green-minus-brown portfolio is at 6% following
a positive one standard deviation annual preference shock. The positive effect of realized
returns vanishes only after about six years following the end of the shock. Hence, with
the positive contemporaneous effects of preference shocks on realized returns, the green-
minus-brown portfolio could deliver large positive average returns over reasonably long
horizons.

We finally show that the ESG benefits could be considerable from the perspective of
a brown averse agent. In particular, throughout the entire sample, the estimated ESG
benefits amount to 0.74% of total consumption, which is significant at conventional levels.
Focusing on the most recent year, 2020, the benefits are already in 5.00% due to advancing
levels of ESG demand, with an upward trend.

This paper contributes to several strands of the literature. First, we account for the
dynamic nature of ESG demand and supply in equilibrium asset pricing for both the
aggregate market and the cross section. Prior work has considered ESG preferences in

single-period setups with static ESG preferences (e.g., Heinkel et al., 2001; Avramov



et al., 2021) or with a possible transition of ESG tastes across generations (e.g., Pastor
et al., 2021a,b), while our model accounts for ESG demand and supply dynamics. We
show that demand (preference) shocks represent a novel risk source characterized by
diminishing marginal utility and positive premium, while, empirically, supply shocks are
only second order. In addition to providing a structural relation between ESG shocks and
realized returns, our model highlights the conflicting forces that govern (i) the expected
return spread on the green-minus-brown portfolio and (ii) the gap between expected and
realized returns associated with impact investing.

We also contribute to the growing literature on the cross-sectional return predictability
of the ESG profile. Prior studies show weak return predictability of the overall ESG
rating (e.g., Pedersen et al., 2021) and mixed evidence based on different ESG proxies
(e.g., Gompers et al., 2003; Hong and Kacperczyk, 2009; Edmans, 2011; Bolton and
Kacperczyk, 2021). While Avramov et al. (2021) propose that ESG uncertainty could
tilt the ESG-performance relation, this paper shows that ESG demand and supply shocks
entail risk premia that could offset the negative ESG-expected return relation implied by
the convenience yield of green assets. Augmenting these conflicting forces with positive
contemporaneous effects of preference shocks on realized returns, the green-minus-brown
portfolio could deliver large positive payoffs for reasonably long horizons. This paper is
also the first to estimate the nonpecuniary benefits from ESG investing. We show that
ESG benefits account for a nontrivial and increasing fraction of total consumption.

This work is also related to the literature studying asset pricing implications of the
demand function for risky assets. Koijen and Yogo (2019) demonstrate that the cross
section of stock returns is largely explained by latent demand shocks while only to a
smaller extent by shocks related to changes in firm characteristics. Similarly, in our
setup, ESG demand is a latent variable that plays a meaningful role in determining
realized and expected returns of green and brown assets. In addition, future work can
assess the demand implications of extending the set of characteristics to include variables
associated with impact investing, such as ESG scores and their associated uncertainties.

The remainder of this paper is organized as follows. Section 2 presents the economic
setting. Section 3 describes the data. Section 4 introduces the estimation technique,
describes the parameter estimates and model-implied asset returns, and displays the time
series implications of the model. Section 5 explores the quantitative implications of the
estimated model, analyzing the impact of unexpected shocks to ESG supply and demand

on asset prices and returns. The conclusion follows in Section 6.



2 Economic setting

This section develops the paradigm for ESG dynamic equilibrium. We formulate pref-
erences that account for the notion that economic agents might benefit from investing
in sustainable assets in ways that are not captured by the physical consumption stream.
Based on the proposed preferences, we present and analyze general expressions for the
stochastic discount factor and the risk premium. We then impose structure on equilib-
rium, including the dynamics of demand and supply for sustainable investing, to develop
interpretable expressions for return on the wealth portfolio, the market premium, and the
cross section of asset returns. Special attention is paid to understanding the realized and
expected return spread between green and brown assets.

We first describe the trends in the recognition of ESG themes among investors, insti-

tutions, individuals, and corporations.

2.1 Trends in the recognition of sustainability

Figure la depicts the exponential growth in the number of Google searches for ESG
and ESG investing terms, while Figure 1b shows the number of newspaper articles in
the Dow Jones Factiva database that include keywords on sustainable investing, relative
to the total number of articles containing keywords on investing.®> The relative number
of articles about sustainable investing has increased significantly from the beginning of
the sample until 2002, then dropped following the dot-com bubble burst and the 2008
financial crisis, and has consistently advanced during the recent years. The pattern is also
consistent with the procyclical nature of preference for socially-responsible investments
documented in Bansal et al. (2021).

Likewise, Figure 1c suggests that new money flows into sustainable funds have consid-
erably trended upward. Remarkably, in 2020, flows into U.S. sustainable funds reached
$51.1 billion in new money, more than twice the amount of $21.4 billion in 2019. Sus-
tainable funds account for a steadily increasing fraction of the assets under management
of the U.S. mutual funds industry. Investors purchasing sustainable funds could be inter-
ested not only in the financial outcomes, e.g, the risk-return profile, of their portfolios,
but also in the role that sustainable assets play in reshaping global standards, primarily
global warming but also inadequate social impact and governance.

As we discuss later in the text, the aggregate market has become more green over

3A similar analysis, for the period 1982-2009, is conducted by Capelle-Blancard and Monjon (2012).
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recent years. Profit maximizing corporations respond to ESG trends for various reasons
including tax benefits, innovation stimulus, access to loans and grants, reduced cost of
equity capital, and the attempt to cater to customers who prefer corporations with a
strong enough environmental reputation. Focusing on the latter, the 2006 Cone Millennial
Cause Study suggests that millennials are more likely to trust a company that has a
reputation of being socially or environmentally responsible, while they are willing to turn
down a product or service from an otherwise socially or environmentally irresponsible

firm.*

2.2 Preferences

We consider an economy endowed with an infinitely-lived representative agent, who
chooses a life-time consumption stream along with a trading strategy denoted by the
N vector of portfolio weights w; = [wi,ws,...,wy], where N is the number of risky
assets and ¢ is a time subscript. There is also a risk-free asset in zero net supply. The
agent’s preferences are formulated through a modified version of Epstein and Zin (1989,
1991) that accounts for the ESG profile of the investment universe. In particular, in ad-
dition to deriving utility from the physical consumption, the agent extracts non-financial
benefits from holding green assets. The amount of ESG benefits depends on the demand
for sustainable investing, the supply of ESG investments, and the time-series dynamics
of ESG demand and supply.

The agent solves the optimization problem

1

1—1 -1 11
U, = max ((1 —B) A, ¥ + BE, [Utl—i—lﬂy] 6) v (1)
Ay = Cy+ 0:.Gwy (W, — Cy) (2)
N
Wipr = (W — Cy) <Rf,t+1 + an,t (Rpi41 — Rf,t+1)) ) (3)
n=1

where U, stands for the value function, A; is a consumption bundle that we describe below,
C, denotes the physical consumption, W, is the aggregate wealth prior to consumption,
W, — Cy is the investable wealth, R, ;11 is the gross return on the n-th risky security,
Ryy4q is the risk-free gross return, E, [.] stands for the conditional expectation operator,
Gwe = ZTJLI wp G 1s the aggregate ESG supply, G, is the ESG score of the n-th

)

4http ://www.conecomm. com/2006-cone-communications-millennial-cause-study-pdf.
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asset, with positive (negative) values representing green (brown) assets. The zero case
corresponds to ESG neutrality. The risk-free asset is assumed, without loss of generality,
to be ESG neutral.’

Preference parameters are as follows. [ is the subjective discount factor, 1) is the
intertemporal elasticity of substitution, 7 is a measure of relative risk aversion, 6 = 117;1,
and 9, stands for ESG preferences, with a positive value representing brown aversion and
with higher values representing stronger preferences. The parameter d; also quantifies the
ESG share in the consumption bundle A;. Innovations in d; represent preference shocks
for sustainable investing.

ESG considerations are characterized by demand and supply forces. The brown aver-
sion parameter, d;, captures the demand for sustainable investing. The demand increases
with the growing concerns on global warming, inadequate governance, or social inequality.
The ESG score of aggregate wealth Gy, represents the supply side. More sustainable
products and services as well as advanced technological breakthroughs are mapped into
higher supply. Both the demand and the supply are time varying and summarize the
evolutionary nature of ESG in the structural interpretation.

The consumption bundle A; replaces the consumption good C; in the original spec-
ification of Epstein and Zin (1989, 1991). The bundle consists of the physical good C,
and an incremental consumption good that evolves from nonpecuniary benefits associated
with sustainable investing. The ESG-based good is equal to the product of the brown
aversion 0, the greenness of aggregate wealth Gy, and the total amount of invested
wealth W; — C;. From the perspective of a brown-averse agent, a positive aggregate
greenness Gy makes the consumption bundle A; more valuable than the physical con-
sumption C;. The opposite holds for negative aggregate greenness. ESG externalities are
proportional to the amount of wealth invested in all financial assets, including the wealth
portfolio that represents a claim on the consumption stream.

The specification for the consumption bundle A; is a particular case of a common
setup accounting for two goods with a constant elasticity of substitution, p, and the
share of the second good that is equal to : A; = (C'tli% + 0 (Gwy (Wy — C’t))l_%)é.
Relative to the existing literature, we consider a limiting case of an infinite elasticity of
substitution, which results in the linear expression in equation (2), while we introduce
the flexibility that d; could be time varying.

In the setup developed here, consumption and portfolio choice are nonseparable, as

®The equilibrium results hold also when the risk-free asset has some color while, then, G,, ; stands
for the asset ESG score in excess of the risk-free ESG.



portfolio weights affect the value of ESG-based consumption in the overall bundle. Thus,

the incremental asset pricing effects of sustainable investing evolve endogenously.

2.3 Dynamic ESG equilibrium: A general outlook

We first derive general asset pricing outcomes based on equations (1) through (3). In
particular, we solve for the stochastic discount factor (SDF) as well as the Euler equation
and the risk premium for a generic asset, be it the aggregate wealth portfolio, the market
portfolio, or any individual asset. All these quantities are described in Proposition 1,

while Section A of the Online Appendix provides technical details for the derivation.

Proposition 1. In equilibrium, the Fuler equation for the gross return on a generic asset

n with an ESG score equal to G, is given by
Et [Mt—‘ranﬂH—l] =1- 5th,ta (4)

where My 1, the SDF, is formulated as

2]
_e —C ~-%
M g Ci1 v . 1+(5t+1GW,t+1Wt%ﬂt+1 v 5)
t+1 — Ot W,t-f—l 1 + 5tGW’t Wtc,_tct 9
and RWJH_l = f;‘:g‘;t is the ESG-adjusted gross return on the consumption asset. The

expected excess return on a generic asset n is given by

1
Ei [Pnis1 — Tpaga] + §Vart [Tn 1) =

—Covy [ACt+17 Tn,t+1] + (1 - 0) Covy [fW,tJrl, Tn,t+1]

(4

) . | 14 5t+1GW,t+1WHClt;HQ+1 (6)
+ — OV¢ og — 7rn,t 1] — yn,ta
'l/) 1 + 5tGWt WtCtCt +

6The Euler equation (4) can be also written as

6
A Yo, .
E, |5’ <t“> RI  Ruai| =1,

Ay

where Rn,t_i'_l = ll_%g't'g: - is the ESG-adjusted gross return on asset n. This expression resembles the
traditional Epstein-Zin solution, where the total consumption bundle growth AA—J:I replaces the consump-

tion growth C(’f , and ESG-adjusted gross returns RW,t+1 and R7L7t+1 replace gross returns Ry ;41 and

Rn,t+1~
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where Covy [.,.] denotes the time-t conditional covariance, Acyyq = log th—tl, Tnitl =

log Rn,t—l—l; Trit+1 = log Rf,t-i—l; TWit1 = log RW,t—H; and Ynt = — log (1 - 5th,t)-

The closed-form solutions for the SDF and expected excess return reinforce the Epstein-
Zin tractability for asset pricing even in the presence of an incremental source of nonsep-
arability, namely, between the physical consumption and the trading strategy.” There are

three factors driving the risk premia in the economy. While the first, the consumption

Ciy1
Ct

other two already account for ESG dynamics. In particular, the second factor, which

growth of the physical goods, log , is standard in consumption based models, the

is exclusively attributed to time nonadditive preferences, suggests that the return on

Rw,t41
1-6:Gw,t ”

brown-averse agent, a positive aggregate greenness Gy, makes the perceived return on

aggregate wealth is ESG adjusted by fimtﬂ = From the perspective of a

aggregate wealth, Rth, higher than the actual return on wealth, Ry;11. A higher pref-

erence for sustainable investing (higher ;) leads to the same outcome. The third factor

represents the growth in the ratio of total consumption bundle to physical consumption,

Ap1/Crir _ 1401 Gwign W1 =Ciy1) /Cra
A /C 14+0:Gw,t (Wi —Ct) /Ct

the aggregate benefits from ESG investing relative to physical consumption, and depends

. It is thus related to the intertemporal variation of

on the variation of both demand for ESG through §; and aggregate supply through Gy ;.

We next analyze ESG implications for expected asset returns. For a green-neutral
asset, the right hand side of (4) equals one, as in standard setups. Otherwise, the right-
hand-side is lower than one when the asset is green and higher than one when it is brown.
In the same vein, observe from equation (6) that a green (brown) asset carries a positive
(negative) convenience yield y,, which is increasing in 6,G,,;. The convenience yield
reflects the interaction between agent’s ESG preferences and the asset ESG profile. The
presence of convenience yield suggests that a brown-averse agent is willing to compromise
on the risk premium of a green asset due to nonmonetary benefits from holding the asset.
Thus, green assets have positive convenience yield which translates into lower expected
return.

The convenience yield effect echoes the negative ESG-alpha relation in Péstor et al.

(2021a).® However, there are important differences in the dynamic setup. First, the

"While there is no time separability in Epstein-Zin preferences, there is separability between the
consumption and portfolio choice. See equation 5.6 on page 955 of Epstein and Zin (1989) and the
discussion that follows. In our setup, utility of consumption and portfolio choice are nonseparable
because the portfolio choice defines the current utility. This additional source of nonseparability would
also emerge under time-additive preferences.

8Heinkel et al. (2001) also develop a one-period model where polluting firms have a higher cost of
capital. Hong and Kacperczyk (2009) provide evidence that “sin” stocks have higher expected returns
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convenience yield is not fixed but rather it varies with the ESG demand and supply.
Second, beyond convenience yield, the expected return is based on covariances of returns
with two ESG related asset pricing factors. The risk premium channel can either reinforce
or challenge the negative ESG-expected return relation.

To analyze risk premium implications, we first note that the value function (1) is
concave in both ESG demand and supply.” Thus, positive shocks to §; or Gy, are as-
sociated with diminishing marginal utility, suggesting that the incremental ESG benefits
from holding green assets drop when the market gets greener. As ESG demand or supply
shocks are negatively correlated with the SDF, assets with returns that are positively
correlated with ESG demand or supply shocks deliver a positive ESG-induced risk pre-
mium. The opposite applies to negatively correlated assets. To further analyze the risk
premium, we consider the case where ¢ > 1 (6 < 0) which implies preference for early
resolution of uncertainty and is consistent with a large body of work, including Bansal
and Yaron (2004), Albuquerque et al. (2016), and Schorfheide et al. (2018).

The positive risk premium due to ESG shocks evolves from the combined effect of the
second and third factors in (5). The correlation between ESG shocks and the third factor
is positive, implying a negative risk premium due to ESG shocks.!® The second factor is
negatively correlated with the ESG-adjusted return on aggregate wealth, RWHI. Shocks
to ESG demand or supply have a contemporaneous effect on the return on aggregate
wealth, and thus on the SDF and risk premium, through the second factor. The direction
and magnitude of that contemporaneous effect on the risk premium cannot be inferred
directly. However, because ESG shocks carry a positive risk premium due to the concavity
of preferences, two indirect inferences can be made. First, the second factor must be
negatively correlated with the stochastic discount factor and is thus associated with a
positive risk premium. Second, the risk premium due to the second factor must be
greater, in absolute value, than the negative contribution of the third factor. As we later
formulate standard dynamics for consumption growth, ESG preference parameter, and
ESG scores, we confirm that the return on aggregate wealth is indeed positively correlated
with ESG demand and supply shocks.

It should be noted that the positive risk premium due to ESG demand and supply

shocks is not limited to the case of time nonseparable preferences. To illustrate, consider

than stocks with otherwise similar characteristics, while Bolton and Kacperczyk (2021) find evidence of
a carbon premium which is paid by firms characterized by higher CO2 emissions.

9See derivation in Online Appendix A.

From the model estimation, we confirm that the indirect dependence of the third factor on the
price-to-consumption ratio is second order relative to the direct and positive impact of ESG shocks.
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the time additive case, where # = 1. Then, the second factor vanishes, while the exponent
of the third factor is —v. Hence, the SDF is negatively correlated with ESG supply and
demand shocks, amounting to a positive risk premium.

Taken together, assets realizing returns that are positively related to ESG shocks
are characterized by a positive risk premium component, while the opposite applies to
negative exposure assets. At this general stage, the ESG-expected return relation is
inconclusive, in the absence of information about the precise exposures of green and
brown assets to ESG shocks. Nevertheless, by imposing reasonable structure on the
economy (in the subsection that follows), we are able to qualify the ESG-induced risk
premium and highlight its direction and determinants.

In particular, we show that, as the market gets greener, a brown-averse agent becomes
more sensitive to ESG demand and supply shocks and would thus require a higher risk
premium for holding the market. The required premium increases with the volatility of
demand and supply shocks. Moreover, green assets are associated with a positive risk
premium due to ESG demand shocks, while negative risk premium applies to brown
assets. The risk premium channel, hence, challenges the negative ESG-expected return

relation that characterizes the static setup. We provide details below.

2.4 Imposing structure on equilibrium

We formulate exogenous processes for consumption growth Ac;, the aggregate greenness
Gwy, and the ESG preference parameter d;. For ease of interpretation, we retain the
assumption that ¢ > 1 and further assume that 6 > 0 and Gy > 0. That is, in a
steady-state equilibrium, the agent is brown averse and the wealth portfolio is green (or

green neutral). The exogenous processes are given by

Acip1 = fle + Ty + OcEepyn, (7)
Lip1 = Pale + OnCapit, (8)
Gwir1 = pa + paGwy + 0GeEG 141, (9)
Otr1 = fs + PsOt + O5E5141- (10)

1

The consumption growth process (7) is homoskedastic.!! As in Bansal and Yaron

HYWhile accounting for stochastic volatility would introduce an additional source of time variation in
the equity premium, we focus on the incremental implications of ESG demand and supply, both of which
do not interact with the volatility process. Individual stocks could still have heterogeneous loadings
on volatility risk, while such loadings are independent of ESG characteristics. For parsimony, we thus
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(2004), consumption growth has a predictable component that is driven by the mean-
reverting long-run risk variable x; (assuming 0 < p, < 1). Note that, while a persistent
long-run risk variable z; is useful to explain the constant component of the market pre-
mium, it does not interact with the ESG demand or supply. Therefore, our results with
respect to the incremental asset pricing implications of sustainable investing are unchal-
lenged when the long-run risk component is muted, i.e., when o, = p, = 0, which amounts
to identically and independently distributed (henceforth, IID) consumption growth. The
processes (9) and (10) are also mean reverting (assuming 0 < pg, ps < 1) with long-run
means given by Gy = T—% and 0 = T—&pé'm The innovations €441, €411, €git1, and
€5¢+1 are assumed to be IID normal with zero mean and unit variance, and uncorrelated
with each other contemporaneously and in all leads and lags.

To derive equilibrium outcomes, we first log-linearize the return on aggregate wealth

TWir1 = Kew,0 + KrwpePCir1 — PCt + Aciya, (11)

Wi—Ct
Cy

. . DC e R
wealth relative to consumption), K,wpe = 5> and Ko = log (14 €P°) — Kyw pepC.

where pc; = log is the logarithm of the price-to-consumption ratio (investable

The following proposition describes the price-to-consumption ratio and characterizes

the return on aggregate wealth and the SDF dynamics.

Proposition 2. The equilibrium price-to-consumption ratio, the return on wealth, and the

SDF dynamics are given by

b = Apc,O + Apc,GGI/V,t + Apc,é(st + Apc,xxta (12)
Twi+1 = Tw,o — Apc,G (1 - HrW,pch) GVV,t - Apc,6 (1 - erVV,pcpﬁ) 5t
+ (1 - Apc,z (1 - KrW,pch)) Ty
+ Apc,GHrW,pcO'GgG,t+l + ApC,é"irW,ch&gé,tJrl
+ Apc,z"irW,chmgx,t—s—l + OcEct+1, (13)
My = Mo + maGw + msdy + mya,

- )\c5c,t+1 - )\G&?G,t+1 - )\656,t+1 - )\xgz,t—l—ly (14)

where all constant coefficients are described in Online Appendiz B.

consider a homoskedastic framework.

12Tn the presence of mean-reverting state variables, there is a steady state equilibrium, which can be
found through a fixed-point problem. Log-linearization is implemented to the steady state values. The
steady state also guarantees that the solution does not explode due to nonstationarity.
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The price-to-consumption ratio, the expected return of the wealth portfolio, and the
SDF drift are all affine functions of the state variables, Gy, d;, and z;. We show in
Online Appendix B that the coefficients A,. ¢, A,cs, and Ay, are all positive.

The positive coefficients have several implications. First, the price-to-consumption
ratio positively covaries with the aggregate ESG supply Gy, ESG demand d;, and the
long-run risk variable, x;. Thus, for a given level of physical consumption, as the aggregate
ESG supply or demand rises, the wealth portfolio becomes more valuable. Moreover,
because K, pe, pa, ps < 1, the conditional expected return on wealth in (13) is negatively
correlated with the current levels of Gy, and ¢;, while the unexpected component of
Twet1 is positively correlated with contemporaneous shocks to ESG demand and supply.

The mechanism suggests that an unexpected increase in aggregate ESG benefits is
associated with a positive price pressure on the wealth portfolio and a higher contempo-
raneous realized return as well as a lower expected future return. The positive correlation
between ESG demand/supply shocks and realized returns on the wealth portfolio con-
firms that the second factor in the SDF in (5) is negatively exposed to ESG shocks, and
thus commands a positive risk premium.

Notice that the log-linearized dynamics of the SDF in (14) are driven by four sources
of risk, namely, shocks to (i) short-run consumption growth, .41, (ii) ESG supply, g 141,
(iii) ESG demand, €541, and (iv) long-run consumption growth, €,+41. Revisiting the
three factors driving the general form of the SDF in (5), the first factor is exposed to
short-run consumption growth shocks only, while the two other factors are exposed to all
four systematic risks through their dependence on the return on aggregate wealth. The
market prices of the four risk sources, As, Ag, As, and \,, are constant and positive.'?
Thus, assets whose returns are positively (negatively) correlated with the systematic
shocks deliver a positive (negative) risk premium.

We also show in Online Appendix B that —1 < m, < 0 and mg, ms > 0. As these
coefficients appear in the SDF dynamics, they also drive the equilibrium risk-free rate of
return. The risk-free rate is described in the following proposition, while Online Appendix

C provides technical details.

Proposition 3. The risk-free rate of return between time t and time t + 1 is an affine

13The proof that A\, and ), are positive is in the Online Appendix B. It is more challenging to directly
prove that A\g and As are positive. Still, as discussed in Section 2.3, these risk premia must be positive
due to the concavity of the value function with respect to variations of Gy ; and ;. Furthermore, we
verify that A\g and \s are positive in the context of the log-linearized model for a wide range of parameter
values. The estimation also provides supporting evidence.
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function of the state variables, Gy, 0, and x;

T4l = —Mo — )\—3 — & — )\—g — )\—2 —maGw, — msdy — My (15)

As mg and mgs are positive, the risk-free rate is inversely related to the aggregate
greenness and the ESG preference parameter. This is because, when the ESG demand or
supply rises, the ESG-adjusted return of the wealth portfolio is perceived higher, while
the expected financial returns of all assets, including the risk-free asset, diminish. The
constant terms —% and —’\7‘25 follow because ESG supply and demand shocks contribute
to the risk perceived by the agent. These shocks lead to higher precautionary saving
motives, and are hence associated with lower risk-free interest rate. As m, < 0, the
risk-free rate is increasing in expected consumption growth, as higher financial benefits

from investing in the wealth portfolio imply higher funding costs.

2.5 The market premium

To characterize the rate of return on the market portfolio, we assume that the market
greenness is equal to that of aggregate wealth, i.e. Gp; = Gw.'* Then, the Euler
condition (4) for the market portfolio is E; [Mi11 Rars41] = 1 — 6:Gwe.

Denoting by pdys; the market price-to-dividend ratio, we implement the standard

log-linearization for the market rate of return, which is given by

TM+1 ~ Krd0 + KrMpdPdai+1 — pdarg + Adagig1, (16)

eﬁl\/l
1+ePim
growth of the market logarithmic dividend process as

where Kpnrpd = and k,pr0 = log <1 + ePdu ) — /irMmd]ﬂM. We next formulate the

Adpri41 = fam + Paia®e + OancEep+1 + TaMEIM 1+1, (17)

where e4pr+41 is IID normal and uncorrelated with the other innovations contemporane-
ously and in all leads and lags. As in Bansal and Yaron (2004), through the coefficient
Pdnm .z, the expected dividend growth is driven by a predictable component represented by
the state variable that also drives consumption growth. We allow the unexpected com-

ponent of dividend growth to vary with innovations in consumption growth, consistent

14We make this assumption for empirical tractability, as we rely on ESG scores of traded firms to
assess the market ESG profile. The ESG profile of the wealth portfolio is unobservable. In the absence
of this assumption, the market portfolio could be treated as any other risky asset.
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with the empirical evidence in Xu (2021).

The following proposition characterizes the price-to-dividend ratio and the return of
the market portfolio. The proof is in Online Appendix D. For ease of interpretation, the
market portfolio is parsimoniously formulated, while the proof describes a more general
case where the dividend process in (17) has a drift driven by ¢, and is allowed to be

correlated with innovations in long-run risk and in aggregate ESG demand and supply.

Proposition 4. The equilibrium price-to-dividend ratio of the market portfolio and the

dynamics of the market return are given by

pdary = Ano + AvaGwie + Ansdr + Aprpe, (18)
a1 = "o + (kwa — ma) Gwy + (kws — ms) 6 — myay

+ KrMpdAM,GOGEG t+1 F+ KrM pd AN 5055141

+ KrM pdAM 2O 2E 2141 + TaMcEctt1 + TanmEanti+1, (19)
— — +PdM = 5
A — _MGTRW.G A — _MsThkws A — Ma s — 0
where M’C’: 1=ryaspapc’ M0 T=karpaps’ Mo 1—KrM, papa’ kw.a 1-0Gw’ and
KWs = — 1560 - Apnro and raro are formulated in Online Appendiz D.

The market price-to-dividend ratio and the market premium are also affine functions of
the state variables Gy, d;, and x;. Then, we show in Online Appendix D that both A/ ¢
and A5 are positive with Ay ¢ increasing with the average brown aversion d and A Mo
increasing with the average aggregate greenness Gy,. Hence, the market price-to-dividend
ratio positively covaries with ESG demand and supply, suggesting that innovations in
0; or G, have a positive contemporaneous effect on the price-to-dividend ratio. The
sensitivity to long-run risk shocks, captured by Ay, is subject to two conflicting forces.
First, a higher expected consumption growth implies a negative price effect due to stronger
discounting of future cashflows. Then, there is a positive price effect due to a higher
expected dividend growth. As suggested by prior work, the latter effect is typically
stronger, hence, A/, tends to be positive.

We turn to analyze the market premium. First, as Ay ¢ and Ay s are positive,
the realized market returns are positively correlated with contemporaneous shocks to
ESG supply and demand. Then, taking conditional expectations of the realized return
in equation (19) and subtracting the risk-free return in equation (15), the conditional

market premium is given by

. 1 .
E¢ [Fares1] + §Vart [Farie1] =
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TdM e Ae + BrmpdAmcoc Aa
—~—— —_————
Covy [TIW,t+175c,t+l] Covy [TAI,t+175G,t+1]

+ "irM,pdAM,50-5 )\6+ /er,pdAM,xo—x )\x
~———— N—————

Covy [T‘M,t+1,85,t+1] Covy [TM,t+17ffz,t+1]
__ 0 (Gwy — G Gw (6; — 6
+ log (1 - (5GW) - (1VEt5GWW) B IV_< (_;GW ) ’ (20)
—ynre

where Tar+41 = Tare41 — Tre41 1S the market excess return, yas, is the convenience yield,
the covariances stand for exposures to systematic risk factors, and lambdas describe the
corresponding prices of risk. Risk exposures and risk premia are all positive and constant
through time. Thus, the market premium consists of fixed risk premium and time-varying
convenience yield. At the steady-state equilibrium (corresponding to d, = § > 0 and
Gwy = Gw > 0), the convenience yield equals — log (1 — 5GW), which is positive. Hence,
narrowing down the focus to the convenience yield premium, i.e., —yas;, the steady-state
market premium is inversely associated with the ESG score. Moreover, through the time-
varying component of the convenience yield, the conditional market premium diminishes
with increasing ESG demand, d;, and supply, Gw,;.

Turning to the risk-based components, the risk premium associated with ESG supply
shocks is represented by the second term in equation (20). As Ajs ¢ increases in Gy,
the risk premium rises with the market ESG profile. The notion is that a brown averse
agent attributes more value to the market, when the market is greener. Hence, the
agent is more exposed to ESG supply shocks, as reflected through stronger covariation
between market return and ESG supply. Similarly, the third term in (20) represents the
risk premium due to ESG demand shocks. As the price sensitivity to demand shocks,
Aps, increases in Gy, this further reinforces the positive ESG-risk premium relation.
Moreover, the positive ESG-risk premium relation becomes stronger with an increasing
volatility of ESG supply or demand shocks. It should be noted that the risk premium
components associated with consumption and long-run risk shocks do not interact with
the ESG risk premia. Thus, when consumption growth is IID, the term involving A,
vanishes, while all other results remain intact.

In sum, by imposing a plausible structure on the economic processes for consumption
growth, the market dividend growth, and the market ESG profile, we show that the risk
premium component is positively associated with the ESG profile. Thus, the dynamic

setup challenges the negative ESG-expected return relation that characterizes the single-
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period setup. From a comparative statics perspective, while the agent extracts benefits
from holding green assets and is thus willing to compromise on a lower market premium
(the convenience yield effect), the agent is also more sensitive to demand and supply ESG
shocks if the market is greener, on average. With a high enough volatility of either ESG
demand or ESG supply shocks, the positive effect on the ESG-expected return relation

due to risk premium can dominate the negative effect due to convenience yield.

2.6 The return spread between green and brown assets

We next study the cross section of average returns and especially analyze the return
spread between green and brown stocks. First, the dynamics of asset-specific greenness

are formulated as

Gn,tJrl = Han + pGnGn,t + 0Gn,GEG,t+1 + 0GnEGn,t+1, (21)

where €y, 441 1s IID normal and uncorrelated with all other innovations. When 0 <
pen < 1, the process is mean-reverting with a long-run mean equal to G, = %.
Unexpected innovations of the asset ESG score could covary with innovations in the
aggregate greenness. This reflects the notion that if green firms are incentivized to become
even greener, both the aggregate market and a collection of green firms would display
an improved ESG profile. Conforming to intuition, estimation shows that the correlation
between the market and stock level ESG is, on average, positive for green firms, negative
for brown, and zero for green neutral firms. We then define the dividend growth process

as

Adn,tJrl = Wdn + Pdn,z Tt + Odn,cEec,t+1 + Odn,dMEdM,t+1 + Odn€dn,t+1, (22)

where €4y, 441 is IID normal and uncorrelated with all other innovations. While the id-
iosyncratic component of dividend growth is uncorrelated across assets, the unexpected
dividend growth is allowed to covary with consumption shocks, €.;41, and market divi-
dend shocks, ez 41-

The following proposition characterizes the price-to-dividend ratio as well as the re-

alized and expected return on an arbitrary risky asset.

Proposition 5. The equilibrium price-to-dividend ratio and the dynamics of asset return
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are formulated as

pdn,t = An,O + An,GGW,t + An,(ﬂst + An,xxt + An,GnGn,t7 (23)
Tnt+1 = Tno — mGGW,t + (ﬁn,S - TTL(;) 51& — My + Hn,GnGn,t
+ Odn,c€ec,t+1 + ’frn,pdAn,Go-GgG,t—i-l

+ /{Tn,pdAn,éo-(Sedt—‘rl + /{Tn,pdAn,mO-zsx,t—ﬁ—l

+ K'rn,pdAn,G’no-Gnan,t—f—l + Odn,dMEdM,t+1 + Odn€dn,t+1; (24)
ms—~Kn.§ Maz+Pdn, —Kn,Gn
where A, g = —¢— — MoTFnd — MatPdns — __TFnGn
B n,G 1_’§rn,pdpG 7 TL:(; ]-_Krn,pdpé 7 T ]-_Krn,pdpz ’ n,Gn ]-_Nrn,pdpGn ’ n,8
_1—%%%’ and Kncn = —ﬁ. The parameters A,y and r,o are described in Online

Appendiz E. The expected excess return is given by

. 1 .
Eq [Pr41] + §Vart [Frit1] =

Odn,c )\c + Rrn,pd (An,GUG + An,GnaGn,G) >\G
~~~ ~~ d
Covy [Tn,tJrlvEC,tJrl] Covy [Tn,t+175G,t+1]

+ Hrn,pdAn,(So-(S /\6+ K'rn,pdAn,a:Ux /\:c
S——— S———

Covy [Tn,t+17€6,t+l] Covi[rn,t+1:Ex,t41]
G (5,=8) (-G
+log (1 —6G,) — ; (—%Gn) _ (1 _,té_én )7 (25)
Y

where Tp 141 = Tni41 —Tpe41 @S the asset excess return and yy, represents the convenience

yield.

As we have already described, in detail, the valuation ratio and the return dynamics
for the market and wealth portfolios, we focus on incremental insights emerging from
the cross section. Notice that the dependence of return on the market-level ESG profile,
Gwy, evolves from the risk-free rate and is identical for green and brown assets. Moreover,
while the market ESG does not appear in asset excess return, the loadings on the market
ESG plays an important role in explaining the cross section.

In particular, A, s is positive for green assets, while it turns negative for assets with

a sufficiently negative average ESG score.’® Thus, the price of a green asset rises in the

15The condition for A, s to be positive is G, > —17“:255. The threshold is nonzero because ESG
demand also drives the risk-free rate, which discounts future cashflows, and this contribution has the

same sign for green and brown assets. Based on the model estimates in Section 4, we empirically verify
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presence of a positive preference shock €541, driving a positive unexpected return. This
is because the asset delivers higher nonpecuniary benefits in the presence of a positive
preference shock. In the same vein, the price of a brown asset drops as its negative
externalities are perceived stronger. Hence, preference shocks could render the green
minus brown realized return spread positive, lending support to the findings in Péastor
et al. (2021b), who highlight the positive association between shifts in ESG tastes over
generations and unexpected returns on green assets. In addition, G, ., the firm ESG
profile, affects stock valuation and realized return. As A, g, > 0, a positive innovation
€cn,t+1 to the firm’s ESG score entails a contemporaneous positive unexpected return.

The process G, is also the determinant of the convenience yield effect. Through the
negative coefficient «,, o, the effect suggests a negative expected return contribution for
green stocks and positive for brown. As noted earlier, the presence of convenience yield
echoes the single-period setup, where investors are willing to compromise on the expected
return due to holding green assets.

Analyzing the expected excess return in (25), the covariance between realized returns
and ESG demand shocks is positive for green assets and negative otherwise. The expected
return on green assets consists of four positive risk premia contributions, while the con-
venience yield effect is negative. Brown assets are characterized by positive risk premia
for consumption, long-run risk, but a negative risk premium for ESG demand shocks, as
well as a risk premium for aggregate ESG supply shocks that can be either positive or
negative. Convenience yield is associated with a positive expected return contribution.

Thus, the expected return on a portfolio that takes long positions in green and sells
short brown assets is characterized by a negative contribution due to convenience yield,
and a positive risk premium due to exposures to ESG demand shocks. Our setup does not
impose particular restrictions on the loadings on the other risk sources: (i) consumption
Ectt1, (i) aggregate ESG supply €¢ 441, and (iii) long-run growth £, ,41. The empirical
evidence, that we discuss in detail below, shows that brown stocks have larger exposures
to consumption and long-run shocks, while green stocks tend to have a slightly larger
exposure to aggregate ESG supply shocks.

To summarize, the risk premium channel counters the convenience yield effect and
suggests that green stocks are perceived riskier and are thus associated with higher risk
premium. Thus, we reinforce the intuition from analyzing the market portfolio, that

cross-sectional asset pricing implications in a dynamic setup are markedly different from

that the threshold value, _1_m7ni55’ is near zero (ESG-neutral asset). The reason is that the effect on the

discount rate is negligible relative to the effect on the valuation of nonpecuniary benefits.
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those in the static setup. Moreover, the important observation of Pastor et al. (2021b)
that green assets have realized higher average returns that would not be expected can
readily be rationalized in a dynamic setup. First, in a dynamic setup, ESG demand (;)
and supply (Gw,) fluctuate and the ESG-expected return relation can go either way.
Furthermore, preference shocks are associated with green assets realizing positive returns
that get even higher with increasing volatility of the shocks.

Having derived the asset pricing equilibrium, we are ready to estimate the model
based on data on consumption growth, as well as observations on the market portfolio

and individual stock returns, dividend-to-price ratios, and ESG scores.

3 Data

We collect ESG scores from three data vendors, namely MSCI KLD (available from 1991
to 2015), MSCI IVA (available from 2007 to 2019), and Refinitiv Asset4 (available from
2002 to 2019). The choice of using scores from different providers allows to obtain a
longer sample and increase firm coverage.

MSCI KLD provides periodic assessments at the firm level of a number of potential
strengths and concerns related to sustainability. There are a maximum of 42 potential
strengths and 29 potential concerns. The assessments are organized within categories
that can be associated with the environmental, social, and governance pillars.'® We build
separate firm-level raw scores for the three pillars as the difference between (i) the total
number of strengths identified, normalized by the total number of potential strengths
assessed for that firm on a given date, and (ii) the total number of concerns identified,
normalized by the total number of potential concerns.!” On each observation date and
per each rated firm, we calculate percentile ranks separately for environmental, social,
and governance pillars and normalize the ranks between —0.5 and 0.5. We then average
the three normalized ranks to obtain a total score. The total score is normalized to the
range of —0.5 and 0.5. MSCI IVA provides uniformly distributed scores on a scale from 0

to 10 for the three pillars and a total ESG score. The scores do not represent an absolute

16The provider identifies two separate categories of assessments concerning the environment and the
corporate governance. We consider the other categories of assessments, i.e., community, diversity, em-
ployee relations, human rights, and product, to jointly contribute to the social pillar.

1"When the number of assessed strengths (concerns) is zero, we consider a zero contribution from
strengths (concerns) to calculate the firm-specific raw score. This is relevant only for the assessment
of the governance pillar between 2010 and 2015, when for some firms MSCI KLD assesses governance
exclusively in terms of concerns.
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assessment of a firm’s ESG profile, but rather provide an assessment relative to all other
firms that receive a rating on a given date. For each observation, we calculate percentile
ranks of the scores and normalize the score to the range —0.5 and 0.5 for both the pillar
and total scores. We follow a similar procedure for the Refinitiv Asset4 dataset, which
provides pillar and total scores that are uniformly distributed on a scale from 1 to 100.
We calculate a monthly firm-level consensus score by averaging among the scores available
on that date.

We consider common stocks (share codes 10 and 11) traded on the NYSE/AMEX/
Nasdaq exchanges, while narrowing down the focus to firms for which an ESG rating is
available. Monthly total returns and market capitalization are obtained from the Center
for Research in Security Prices (CRSP). We further exclude stocks that belong to the
bottom percentile of market capitalization. The risk-free return is the monthly return of
the 1-month Treasury Bill.!®

We form three monthly-rebalanced portfolios through sorting on ESG scores. The
brown, neutral, and green portfolios consist of stocks with consensus ESG score below the
30-th, between the 30-th and the 70-th, and above the 70-th percentile, respectively. The
market ESG score is obtained by value-weighting the corresponding stock-level quantities.

To calculate the aggregate nominal consumption, we follow the existing literature (e.g.,
Constantinides and Ghosh, 2011, David and Veronesi, 2013, Schorfheide et al., 2018) and
consider the monthly time series of personal consumption expenditures for nondurable
goods and services, provided by the Bureau of Economic Analysis and available on the
Federal Reserve Economic Data website (series PCEND and PCES). We then use the Personal
Consumption Expenditures Price Index (series PCEPI) and the U.S. population (series

POPTHM) to calculate real per capita consumption.

4 Estimation

4.1 Estimation technique

To keep the focus on incremental implications of ESG, we adopt from Bansal and Yaron
(2004) several standard parameter values. In particular, the subjective discount rate is
£ = 0.998, the intertemporal elasticity of substitution is ¢y = 1.5, and the parameters
describing the long-run risk dynamics are p, = 0.979 and o, = 0.00034. As for ESG

18We thank Kenneth French for making the risk-free returns available via his website: https://mba.
tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html.
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demand 0;, it is sensible to assume that the effect of shocks to ESG demand is highly
persistent. However, for the solution of the model, it is useful to assume that there exists
an average value § around which the model can be log-linearized. For this reason, we
adopt the technique in Ireland (2015) and restrict the dynamics of d; to be near unit-root,
by setting ps = 0.9999.

The remaining parameter space, denoted by O, is composed of economy-wide pa-
rameters, O, market parameters, ©,,, and individual asset parameters, O, ©,,.,, and
Oy, for the brown, neutral, and green portfolios, respectively. More specifically, the
economy-wide parameters, denoted by O = {7, e, e, 70, Gw, pa, 0, 00,9, 05}, include
preference parameters, short- and long-run consumption growth, aggregate greenness,
and ESG demand. Market parameters, ©y = {ftanr, part,z, Oamt,c, 0an }, underlie the dy-
namics of the market dividend growth in (17). Asset-specific parameters are denoted by
©; = {aj, Pajxs Tdjes Tajants Tajs By PGj» 0GjGs 0Gi }, where j = {br,neu, gr}, and they
underlie the dynamics of the dividend growth and the asset greenness.

The model can be represented through a linear state space obtained by stacking the
dynamics of consumption growth, aggregate ESG supply, ESG demand, long-run risk,
portfolio ESG scores, the market excess return, as well as excess returns of the brown,

green neutral, and green portfolios. The joint dynamics is described through the vector

autoregression
X1 =Ax + Bx X, +ox€141, (26)
where
r /
Xt = Act GW,t 515 Tt Gbr,t Gneu,t Ggr,t Tmt Tort Tneugt rgr,t] ) (27&)
r /
AX = |He MG Hs 0 Habr  HGneuw HMGgr fM,O Tbvr,0  Tneu,0 fgr,0:| ) (27b)
r /
€t = et €@t E6t Ext EGbrt EGneut EGgrt E€dMit  Edbrit  Edneut 8dbr,t] ) (270)

and the matrices Bx and o x are described in Online Appendix F. The vector X; includes
variables that are unobserved, namely, the ESG demand and the long-run consumption
growth. Hence, we resort to the Kalman filter to estimate the system.

The transition equation in the Kalman filter is given by (26). The observable variables
are the real monthly consumption growth, the ESG score of the market and its excess

return, as well as the ESG scores of the portfolios and their monthly returns. We stack
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these variables into the vector Y;:
Y, = [Act GW,t Gbr,t Gneu,t Ggr,t 7'Mt fbr,t 72neu,t fgr,t],' (28)
The observation equation of the Kalman filter is then given by
Y, =HX,. (29)

Further details on the state-space representation, including the components of the H
matrix and the Kalman filter implementation, are provided in Online Appendix F.

In order to (i) address the finite-sample properties of the Kalman filter based max-
imum likelihood estimates and (ii) impose constraints on the parameter space (e.g., d;
is constrained to be nonnegative and further ¢ is set to be equal to the sample mean of
d¢), which could render asymptotic inferences unreliable, we implement the methodology
proposed by Efron and Tibshirani (1994, Ch. 6) and employed by Ireland (2015). In
particular, we simulate 1000 joint trajectories of the variables in the model using the
point estimates of the parameters. For each trajectory, we re-estimate the model based
on the simulated data and, finally, we evaluate the standard errors per parameter as the

standard deviations across all estimated values.

4.2 Estimating the model

We first present the time series dynamics of aggregate ESG demand and supply (both
in Figure 2). Estimated through Kalman Filter, the ESG demand, d;, reveals similar
patterns to those characterizing the press attention to sustainable investing (Figure 1b).
In particular, d; increases towards the beginning of the 90s, then shows a diminishing
trend until 2010s, and finally advances, quite sharply, between 2015 and 2020.! When
the sample ends, d; reaches a value equal to 0.1%, about three times larger than the
sample mean § = 0.035%. Thus, for an asset with a given ESG score, the ESG based
convenience yield at the end of the sample is also three times larger than its average
value.

The aggregate ESG supply, Gw,, represents the value-weighted market ESG score.
The ESG supply is highly persistent. Unsurprisingly, ESG supply is less volatile than

ESG demand, as demand is driven by market sentiment, which could be subject to sudden

9We verify that the innovations of d;, i.e. €5 in equation (10), are not serially correlated, as all
autocorrelation coefficients are insignificant.
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shifts. In addition, reallocation of capital across financial assets can be done quickly and
with low costs. Supply, on the other hand, is less flexible as it represents the firm’s core
business environment, which is quite persistent, while the costs of adjustment can be
prohibitively high. As the ESG scores range between —0.5 and 0.5, the market portfolio
only modestly departs from green neutrality, on average. However, the market becomes
substantially more green towards the second half of the sample.?’ Profit maximizing
corporations respond to ESG trends for various reasons including tax benefits, innovation
stimulus, access to loans and grants, reduced cost of capital, and the attempt to cater
to customers who prefer corporations with a strong enough environmental reputation.
Barnett et al. (2020) also show that the increasing social cost of carbon emissions leads
firms to reduce their environmental impact in equilibrium.

The estimates for the model parameters are reported in Table 1. The estimated risk
aversion, v, is 12.11, insignificantly different from 10, the value considered by Bansal
and Yaron (2004). The risk aversion estimate is also within the confidence intervals of
previous estimates (e.g., Constantinides and Ghosh, 2011; Schorfheide et al., 2018). The
persistence of aggregate grenness, described in (9), is quite strong with pg above 0.99.
The volatility o¢ is 0.01 and Gy, the sample mean, is 0.04. The mean and the volatility
of the ESG demand are § = 0.00035 and o5 = 0.00005.

The values of Gy and § can be used to evaluate the average ESG benefits formulated
in (2). In particular, notice that the long-run ratio between investable wealth and monthly
consumption is about 480.2! When the state variables are equal to their sample means, the
consumption bundle A; equals the current value of consumption C} times the expression
1 + 0GweP® (= 1.0074). Thus, the ESG nonmonetary benefits amount to 0.74% of the
physical consumption, which is significant at conventional levels. While this value reflects
the entire sample period, ESG benefits rise to 5.00% of physical consumption in 2020 due

to advancing levels of ESG demand. Moreover, considering a growth in ESG demand

200ur assessment of the market greenness could be conservative. This is because, consistent with
ESG raters who provide only a relative assessment of the sustainability profile of any rated firm, the
median ESG score across stocks is zeroed out at any time period in the sample. Thus, possible shifts
towards sustainability that could characterize the median corporation in the sample do not come to play.
The market ESG score still fluctuates, with a substantial upward trend between 2003 and 2013, because
bigger market cap firms tend to be more sustainable than their smaller cap counterparts

21The mean logarithmic ratio (investable wealth divided by the monthly consumption, pe) is obtained,
based on equation (12), as p¢ = Apco + Apc,géw + Apc’(sg. The quantities Apc 0, Ape,a, and Apcs
(presented in Online Appendix B) can be evaluated using the estimated model parameters in Table 1, as
well as further substituting Gy = 0.04452 and § = 0.00035. It thus follows that pé = 6.17, corresponding
to a linear ratio eP¢ of about 480. This monthly figure is translated into a ratio of 40 when consumption
is measured annually.
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equal to the realized value over the 2010 through 2020 period (and setting the market
ESG score to be equal to the end of sample value), the expected ESG benefits would rise
to 8.62% in 2030.22

Moving to the market prices of risk, as derived in Proposition 2, the risk premia A., A,
As, and A\, depend on the economy-wide parameters. Consistent with the inferences made
in the theory section, we confirm that the prices of risk are all positive and statistically
significant.

Consistent with the literature on long-run risk, the expected market dividend growth
in (17) is leveraged relative to the expected consumption growth through the coefficient
pdm,z, Which is equal to 3.36 and highly significant. This implies that the market portfolio
is strongly exposed to the long-run risk variable. Focusing on the dividend process of
ESG-sorted portfolios, described in equation (22), the expected dividend growth of the
brown portfolio loads more heavily on expected consumption growth (pgpr . = 3.58) than
the green portfolio (pggr, = 3.34), with a p-value for the difference lower than 0.05.

Thus, brown stocks are more exposed to long-run cashflow risk. Likewise, brown stocks
also display a higher exposure to short-run consumption risk, as the difference between
Oapre = 0.00383 and 044 . = 0.00123 is significant. These findings are in line with the
existing literature, documenting that a better ESG profile reduces the risk exposure (e.g.,
Hoepner et al., 2019; Ilhan et al., 2021). Intuitively, a higher standard of corporate
ESG practice helps mitigate the legal, regulatory, and operational risks. In addition,
Albuquerque et al. (2019) show that firms with a high corporate social responsibility
score display higher profit margins, less cyclical profits, and lower systematic risk.

The portfolio ESG scores are highly persistent, as the parameter pg, in equation (21)
is 0.97 or above for all three portfolios. Thus, a shock to the ESG score of an asset
is expected to have long-lasting price effects, as we further analyze in Section 5. The
correlation between innovations in the ESG scores of the green portfolio and the market,
measured through ogy, ¢, is positive and significant, while a negative and significant (al-
though weaker) correlation applies to the brown portfolio. The overall evidence suggests
that greener assets have sustainability profiles that are more positively correlated with

the aggregate ESG supply shocks.

22Based on equation (2), the ratio between ESG benefits and physical consumption is 0.Gw,ePt,
where pc; = log WtC;tCt is given in equation (12). The ratio is evaluated using the filtered time series of
the state variables. The 2020 figure is obtained as the average value over the most recent 12 monthly
observations. The 2030 projection is based on a linear growth of the ESG demand d; between 2020 and
2030 at the same rate as that realized between the 2010 and the 2020. The other state variables, namely
Gw, and z;, are set at the 2020 monthly average values.
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We turn to analyze asset pricing moments, reported in annualized terms in Table 2.
The average annual excess return of the market portfolio is 8.05% over the entire sample
period (12.27% between 2018 and 2020), while both the green and brown portfolios have
average excess returns of 8.26% over the sample (14.21% for the green and 7.01% for
the brown portfolios between 2018 and 2020). Below, we describe the conflicting forces
underlying the prices of green and brown assets and we analyze the gap between expected
and realized values. Special attention is paid to the most recent years, when greener assets
have realized materially higher returns.

Starting with the equity premium, it is characterized by multiple determinants, while
the model provides a clear decomposition mechanism through equation (20). The market
premium can mostly be attributed to long-run risk shocks (8.38%) and short-run con-
sumption shocks (0.19%). The ESG based components of the market premium, namely
the ESG supply risk premium, the ESG demand risk premium, and the average conve-
nience yield, are all near zero, as the market portfolio only modestly departs from green
neutrality, on average.

In the recent sample period, the convenience yield contribution becomes more mean-
ingful, as the ESG demand and supply considerably exceed their sample averages. The
convenience yield premium, based on the most recent 36 monthly observations (between
2018 and 2020), is significant at —6 basis points, while the average value in 2020 is —12
basis points. Moreover, considering a linear growth of ESG demand at the same rate as
that realized between 2010 and 2020, while the market ESG score is kept unchanged, the
expected convenience yield premium will be —21 basis points in 2030.

Increasing ESG demand in recent years is associated with significant implications for
the realized market return. In particular, we report the sum of the expected excess market
return and the average unexpected market return due to ESG demand shocks, i.e., the
annualized average of the expression k,aspaAnrs0s€se+1 in equation (19). As the market
is near ESG neutral over the entire sample, the component of realized market returns
induced by unexpected shocks to ESG demand amounts to only a few basis points per
annum. However, considering the most recent 36 monthly observations between 2018
and 2020, the average expected excess market return is 7.43%, while further accounting
for unexpected shocks to ESG demand, the excess market return becomes 8.08%. Thus,
the unexpected increase in ESG demand, over recent years, has an incremental effect
of more than 50 basis points on the market return. Evidence is consistent with Pas-
tor et al. (2021b), who highlight that ESG demand shocks have a substantial effect on

contemporaneously realized asset returns.
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We move on to analyze the decomposition of ESG portfolio expected excess returns,
as described in equation (25). Relative to the green portfolio, the brown has a higher
risk premium associated with short-run consumption shocks (0.51% vs 0.17%) and long-
run shocks (9.11% vs 8.33%). Per equation (25), the ESG supply risk premium depends
on the positive term K, pgAy.coc and the term K,y pgAn.cnOan,q, Which is positive for
the green and negative for the brown portfolios. While the first term dominates, the
overall contribution of ESG supply risk premium to the expected return is negligible for
all portfolios, as the volatility of aggregate and individual asset ESG scores is modest.
In contrast, consistent with a positive coefficient A, s for green stocks in (25), the ESG
demand risk premium is positive and economically significant for the green portfolio
(0.16% per annum), while it is —0.16% for the brown (negative A, s coefficient). This
implies a positive and statistically significant 32-basis point ESG demand risk premium
for the green-minus-brown portfolio.

The ESG demand risk premium offsets the convenience-yield based effect, which
amounts to 28-basis point negative contribution to the green-minus-brown expected re-
turn spread. While the ESG demand premium marginally dominates, the convenience
yield effect shows substantial fluctuations over the sample period. In the presence of its
current trend, the convenience yield based premium is likely to dominate. For instance, in
2020, the convenience yield premium of the green-minus-brown portfolio amounts to —60
basis points per annum, more than twice the average value over the sample. Considering
a similar growth in ESG demand as that realized between 2010 and 2020, the convenience
yield gap would be around one percent per annum in 2030.

Overall, the model-implied average expected excess return of the green portfolio is
7.38%, while it is higher at 8.29% for the brown portfolio. The green-minus-brown port-
folio has a negative and statistically significant average expected return of —0.91% per
annum. However, throughout the sample, the unexpected shocks to ESG demand induce
a positive unexpected return that adds to the conditional expected return, as reflected
by the term K,y paAn 505541 in equation (24). Considering the combined effect of the
conditional expected return and the unexpected return due to demand shocks, the green-
minus-brown portfolio average return is minor at —0.05% and insignificant, consistent
with the negligible spread observed in the data. In the short run, however, the effect
of shifts in tastes for ESG investing can play a meaningful role on the realized return
of the green-minus-brown portfolio. For instance, between 2018 and 2020, the average
conditional expected return of the green-minus-brown portfolio is negative at —0.97% per

annum, while the model-implied annual return accounting also for ESG demand shocks
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is 8.39%, close to the realized value of 7.19%.

Our model highlights the notion that the conditional expected and the realized return
of the green-minus-brown portfolio depends on several forces. The model also provides
a structural description of the relation between unexpected shifts in tastes for ESG and
realized returns. The impact of unanticipated ESG demand shocks on realized returns
can be very sizable, calling for caution when inferring future returns of ESG investments
based on past realized returns. In the first, the presence of ESG shocks represent a
relatively small part of the sample. If anything, looking forward, the expected return on
green stocks should diminish with the growing convenience yield. Hence, when positive
preference shocks attenuate in the future, green assets are expected to deliver lower
performance.

We conclude that the presence of time-varying convenience yield and the offsetting
forces on expected and realized returns could explain the mixed evidence in the literature
on return predictability of ESG ratings (e.g., Gompers et al., 2003; Hong and Kacperczyk,
2009; Edmans, 2011; Pedersen et al., 2021; Bolton and Kacperczyk, 2021).

4.3 Time-series implications

We analyze the time series dynamics of the state variables and their implications for
expected and realized returns. The top-left panel in Figure 3 shows the expected con-
sumption growth, represented by the conditionally deterministic component pu. + x; in
(7), where z; is obtained through the Kalman filter. The expected consumption growth
is highly persistent and fluctuates between 0% and 5% per annum for most of the sample,
consistent with the existing literature (e.g., Schortheide et al., 2018). Two exceptions are
the 2002 stock market crash and the 2008 financial crisis, when the expected consumption
growth turns negative.

The ESG scores of the three portfolios, shown in the top-right panel, are highly per-
sistent and they do not show clear patterns over time. In our model, the expected excess
return of an ESG-neutral asset is time invariant, as the convenience yield component in
(25) is constant. Indeed, in the second graph on the left of Figure 3, the green neutral
portfolio displays expected excess return that is nearly constant.?® The market premium
slightly falls during the end of the sample. The reason is that the market becomes greener

and therefore its convenience yield increases, especially when ESG demand grows consid-

23Due to value weighting and changing composition in stocks belonging to the green neutral portfolio,
the expected return shows some, albeit minor, fluctuations throughout the sample period.
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erably higher in the most recent years, as shown in Figure 2. As the market convenience
yield rises (second graph from top on the right), the equity premium diminishes.

The green and brown portfolios show opposing patterns of expected returns due to
convenience yield, which is positive for green stocks and negative otherwise. Interestingly,
the green portfolio has a similar or slightly higher expected return than the green neutral
portfolio for most of the sample. Despite the negative convenience yield effect on expected
return, green assets deliver a positive risk premium for the exposure to ESG demand
shocks (16 basis points in Table 2). For green assets, the total ESG premium, i.e., the net
effect of convenience yield, ESG demand, and ESG supply risk premia, often amounts to
higher returns relative to green neutrality, as displayed in the bottom-left panel of Figure
3.

The bottom-right graph displays the price-to-dividend ratios of the market portfolio,
as well as those of ESG-sorted portfolios, which are highly correlated and mostly driven by
the expected consumption growth variable, z;. However, focusing on the ESG portfolios,
it can be noticed that the model-implied price-to-dividend ratio of the green portfolio
is lower than that of the other portfolios when ESG demand is low, while it can grow
higher for increasing values of §;. This is because as the ESG demand rises, there is a
contemporaneous positive (negative) price pressure on green (brown) assets, as displayed
in equation (23).

The contemporaneous price effect of ESG demand shocks has a sizable impact on
realized returns, as displayed in equation (24). In particular, green assets realize returns
that are positively correlated with ESG demand shocks, while brown asset returns are
negatively correlated. Figure 4 highlights this effect, with the left panel showing the cu-
mulative realized return of the green-minus-brown portfolio, the cumulative conditional
expected return, i.e., the deterministic component in equation (24), as well as the cu-
mulative conditional expected return augmented by the demand shocks based return, as
expressed through K, ,4An 5056541 in the same equation.

As the conditional expected return of the green-minus-brown portfolio is negative
throughout the sample, the cumulative expected return is negative and decreasing with
time. The cumulative realized return strongly departs from the expected pattern, and
more so when the variable §; in Figure 3 displays large shocks. This is particularly evident
at the end of the 90s as well as in the most recent years of the sample, when positive
shocks to ESG demand generate highly positive realized returns.

As shown in the graph, the additional effect of shocks to d;, when combined with the

conditional expected return contribution, is crucial in explaining the realized returns of
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the green-minus-brown portfolio. Overall, throughout the 29-year long sample, the net
increase in J; makes the realized return of the spread portfolio to be around zero, even in
the presence of a negative cumulative conditional expected return of about 28%. The right
graph in Figure 4 shows the conditional expected and realized returns accumulated over
the prior 12 months. While the conditional expected return is slightly negative and shows
little time variation, the 12-month realized return and the expected return augmented by
the effect of ESG demand shocks are rather volatile and strongly correlated. The time-
series evidence reinforces the notion that ESG demand plays a crucial role in determining
realized returns of assets with ESG profiles that depart from green neutrality. In the
short run, the unexpected contribution to realized returns induced by innovations to o,

can markedly dominate the expected return component.

5 Aggregate shocks to ESG demand and supply

We next examine the asset pricing implications of ESG demand and supply shocks.

The left graphs in Figure 5 focus on demand shocks. At time ¢ = 0, the state variables
are set equal to their sample averages. Then, a one-standard deviation positive annual
shock is applied to ESG demand.?*

It is evident from the first graph that due to persistent ESG demand (ps = 0.9999),
0; rises and remains nearly fixed at the post-shock level. The second graph shows the
conditional expected excess return of the green and the brown portfolios. The brown
portfolio has a higher expected return and the gap even widens with positive ESG demand
shocks due to the increasing convenience yield of green stocks, per equation (25).

The third graph shows the monthly realized portfolio excess returns. During the
shock, the contemporaneous positive (negative) effect of an unexpected increase of ESG
demand on realized returns of the green (brown) portfolio is sizable. This contribution
is assessed based on the term K, ,adn 50565141 in equation (24), where A, s is positive
for the green portfolio and negative otherwise. Green assets display a realized monthly
return that is more than 0.5% higher than brown assets. After the end of the shock
(t = 12 months), the realized return spread of the green-minus-brown portfolio drifts
back to —9 basis points, the conditional expected return.

The cumulative return of the spread portfolio (fourth graph) steeply increases during

24As the frequency used for the model estimation is monthly, the size of a one-standard deviation
annual shock to §; is o54/12. Thus, we impose 12 positive consecutive monthly shocks of size "%‘éﬁ at
months t=1,...,12.
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the shock, reaching about 6% at the end of the 1-year shock, and then, when the shock
is shut down, slowly diminishes due to the convenience yield effect. The positive effect of
realized returns vanishes about 72 months following the end of the shock.

The experiment highlights that while the expected green-minus-brown portfolio return
is negative, unexpected positive ESG demand shocks have a substantial contemporaneous
effect on realized returns. The contemporaneous effect of ESG demand shocks is also
evident from the valuation ratios, per equation (23). The green portfolio price-to-dividend
ratio reflects the reduced expected cost of capital, following ESG demand shocks, hence
rising from 56 to 58. The brown portfolio displays a negative price effect.

The graphs on the right reflect the effects of a positive shock to aggregate ESG supply.
The size of the annual unanticipated shock is +0.1, equally distributed throughout the 12
months, reflects the ESG profile improvement of one decile on a scale ranging from the
most brown to the most green. The aggregate ESG supply is less persistent (pg = 0.97)
than the aggregate demand, consequently, the effect of the shock vanishes, albeit rather
slowly.

To understand the effect of an ESG supply shock on expected returns (second graph
from top), it is important to recall that the ESG score of the green (brown) portfolio
is positively (negatively) correlated with ESG supply, as oggr ¢ in (21) is positive and
ocur.c 1s negative. Hence, with a positive aggregate shock, the convenience yield of the
green asset increases and the expected excess return diminishes per equation (25). The
opposite applies to brown assets. The effect of ESG supply shocks is altogether milder
relative to demand shocks.

Consistent with equation (24), a positive shock to aggregate ESG implies a positive
unexpected return, per the term &, psA, coceq+1 With positive A, ¢, as well as an
indirect effect due to the correlation of the shock with the asset ESG score, per the term
KrnpdAn,anOen,cEc+1 With positive A, ¢,,. The first contribution depends on the negative
effect on the risk-free rate, as displayed in equation (15), which implies a higher valuation
of future cashflows. The second component reflects the change of the asset convenience
yield in the presence of brown aversion, which is positive for the green (ognc > 0)
and negative for the brown (og, ¢ < 0) portfolios. The net effect is positive for both
portfolios, as the risk-free rate effect dominates the convenience yield effect, and it is
stronger for the green portfolio. The size of the unexpected return induced by an ESG
supply shock is significantly smaller than that of the ESG demand shock. Also, while
the unexpected return due to the ESG supply shock is larger for the green portfolio, the

realized return of the green-minus-brown portfolio is still uniformly negative, reflecting
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the negative expected return gap.

Finally, following ESG supply shock, the price-to-dividend ratio of both portfolios
increases due to the lower discount rate, per the term A, ¢Gw; in (23). The green port-
folio experiences a larger price increase than the brown portfolio, as the contemporaneous
positive revision of the portfolio ESG score implies a positive price effect, per the term
Ay GnGr i, which adds to that of a diminishing risk-free rate effect.

In the baseline analysis, we assume that the asset dividend growth in (22) is uncorre-
lated with innovations in both ESG demand and ESG scores. In the Online Appendix,
we provide supplementary analyses relaxing that assumption. An unexpected increase in
ESG demand may, for instance, reinforce demand for green products, thus boosting the
profits of green firms on the account of brown firms. The graphs on the left in Figure A.1
in the Online Appendix show that, when dividend growth is positively correlated with
ESG demand, the expected return of the green-minus-brown spread portfolio increases
relative to the zero correlation case, while a negative correlation implies a lower expected
return. This is because the positive correlation implies a return contribution that is also
positively correlated with ESG demand, and thus a higher loading on the positive price
of risk of ESG demand. If the green (brown) asset’s dividend growth is positively (neg-
atively) correlated with ESG demand, during a positive ESG demand shock the positive
realized return gap in favor of the green asset widens, while the equilibrium expected
return gap in favor of the brown asset shrinks. In this case, the positive effect on the cu-
mulative return of the green-minus-brown portfolio is stronger and vanishes over a longer
period relative to the zero correlation case.

The graphs on the right in Figure A.1 show the response to an annual shock to the
ESG score of the green asset. When the correlation between the dividend growth and
the ESG score is zero, the effects on returns are qualitatively similar to those described
for an aggregate ESG demand shock, while the impact on both expected and realized
returns is slightly weaker. This is because a positive shock to the ESG score triggers only
an increase in the convenience yield, but does not imply a reducing risk-free rate.

A positive correlation between dividend growth and ESG score is plausible if an im-
provement of the firm’s ESG profile triggers a higher demand for goods and services and
thus higher cashflows. Then, the realized return corresponding to the positive ESG score
shock can be significantly higher than that in the baseline case. The correlation between
dividend growth and ESG score could yet be negative. For instance, this could result
from increasing costs incurred for the improvement of the firm’s sustainability profile.

Then, the negative cashflow effect could imply a lower, even negative, realized return due
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to the unexpected ESG score improvement.

6 Conclusion

While asset pricing with impact investing has thus far focused on single-period setups, we
study the dynamic effects through a general equilibrium model. The economic agent in
the model is ESG perceptive, deriving utility from both consuming goods and services as
well as holding green assets. Asset ESG scores (supply) and the demand for greenness are
stochastic and persistent. In equilibrium, there are two incremental risk factors evolving
from aggregate ESG preference shocks and supply shocks.

As green assets positively load on the demand and supply shocks, they command
a higher risk premium compared to brown. On the other hand, green assets are also
associated with time-varying positive convenience yield, a force leading to lower expected
return. The expected return gap between green and brown assets is thus inconclusive.
However, preference shocks could make green assets realize unexpected returns, so that
the green-minus-brown realized return is positive and large.

We filter out the latent state of greenness demand and demonstrate its time variation.
Notably, ESG demand displays a substantial upward trend in the most recent years.
Evidence shows that ESG preference shocks represent a novel risk source characterized
by positive premium, while supply shocks are second order. The estimates also show that
the positive green-minus-brown cumulative realized return can last for up to six years
following an annual one standard deviation preference shock. Finally, the non-monetary
benefits associated with sustainable investing account for a nontrivial fraction of total
consumption that is expected to grow.

We offer avenues for future research. First, while we focus on dynamic equilibrium,
we leave it for future work to study the asset allocation across characteristics sorted
portfolios in the presence of ESG preference shocks. Then, our model could be extended
to account for heterogeneity in ESG preferences as well as heterogeneous beliefs about
the firm’s ESG profile. Finally, our findings suggest that the interaction of time-varying
preferences for impact investing and ESG characteristics could be a useful driver of equity

demand per Koijen and Yogo (2019).
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Figure 1: Trends in ESG investing

Panel (a) shows the Google Trends data from January 2004 to December 2020 for web searches in the U.S.
of the terms “ESG” and “ESG investing”. The popularity score is calculated monthly as the total number
of searches for the specified string divided by the total number of Google searches in the selected area. The
time series is then scaled between 0 and 100. Panel (b) shows the number of Factiva newspaper articles
in English language on ESG /sustainable/socially responsible/ethical investing/investment, relative to
the total number of news on investing/investment. Panel (c¢) shows the yearly money flows into U.S.
sustainable funds from 2009 to 2020, as well as the fraction of assets under management of U.S. sustainable
funds relative to the entire U.S. mutual fund industry (data from Morningstar).

(a) Popularity of Google web searches in U.S. for the terms “ESG” and “ESG investing”
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Figure 2: Time series of aggregate ESG demand and supply.

The figure shows the estimated time series of aggregate ESG demand, é;, and supply, Gw,. The sample

runs from 1991 to 2020.
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Figure 3: Time series of expected consumption growth, ESG scores, expected excess
returns, and price-to-dividend ratios.

The figure shows the estimated time series of expected consumption growth, ESG scores, expected market
and portfolio excess returns, convenience yields from ESG investing, total ESG premia, as well as price-
to-annual dividend ratios. All quantities are annualized. The green, neutral, and brown portfolios are
obtained sorting stocks by consensus ESG score. The estimation is performed by maximum likelihood,
observing the time series of market and portfolio returns, consensus ESG ratings, and consumption
growth, as well as average price-to-dividend ratios. The sample runs from 1991 to 2020.

6 T T T T T T i i i i i
23}0/ 0.6 F ‘—Market —— Brown —— Neutral —Green‘ 4
= 4
3 04} ,
& 2 Lv\PAIqwVpN«ﬁvaAﬂf‘“\Ahﬂx/-L~ﬂm~
g g o0al ]
i . § 0.2
g &}
2 2 ’
o -2
S
e} 0.2 1
9]
g 4 W
g
S 0471 1
M 6 . . . . . . . . . . .
1995 2000 2005 2010 2015 2020 1995 2000 2005 2010 2015 2020
o ‘—Market —— Brown —— Neutral —Green‘ 1 —— Market —— Brown —— Neutral —— Green
éi s 0.4r 1
£85h N s
2 o
I T 02
u =)
g 8y g
3! g 0
E :
£ 75 oz
§< O -0.2
£a]
T ; ; ; ; ; ; 0.4 ' ' ' ' ' '
1995 2000 2005 2010 2015 2020 ' 1995 2000 2005 2010 2015 2020
04r ‘ ‘ ‘ ‘ ‘ 1 ‘ ‘ ‘ ‘ ‘
‘—Market —— Brown —— Neutral — Green o 90} ‘—Market —— Brown —— Neutral —— Green
< 03r £
§> £ 80
g 02 E
= < 70
- 5
= 0 T 60
o A —
O otk g
n
A % 50
3 -0.1 = 40
éa 2
02 & 30

L L L L L L 20 L L L L L L
1995 2000 2005 2010 2015 2020 1995 2000 2005 2010 2015 2020

41



Figure 4: Returns of green-minus-brown portfolio.

The left graph shows the realized cumulative logarithmic return of the green-minus-brown portfolio, as
well as the model-implied expected return and the model-implied expected return accounting for the
unexpected contribution driven by the innovations in the preference state variable ;. The right graph
shows the 12-month rolling logarithmic return of the same portfolio. The estimation is performed by
maximum likelihood, observing the time series of market and portfolio returns, consensus ESG ratings,

and consumption growth, as well as average price-to-dividend ratios. The sample runs from 1991 to 2020.
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Figure 5: Response to annual one-standard deviation shock to aggregate ESG demand
and supply.

The graphs on the left show responses to a one-standard deviation positive annual shock applied to d;.
The graphs on the right show responses to a +0.1 annual shock to aggregate greenness. The expected and
realized excess returns of the brown and green portfolios, the cumulative return of the green-minus-brown
portfolio, and the price-to-annual dividend ratios of the brown and green portfolios are shown. The state
variables are initially set at their average values and the shocks are equally distributed throughout 12

consecutive months.

Annual one-standard deviation shock to d; Annual shock to Gy (+0.1)
ESG demand &; (%) Aggregate wealth ESG score Gy
0.06 — 0.2 ———
0.15 1
0.05 - 1
0.1
0.04 - 1
0.05
0.03 N Y SN NN SN SN S SN SR 0 [ Y SN N S SN SR SN S
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Expected portfolio excess return (monthly, %) Expected portfolio excess return (monthly, %)
‘ Brown Green ‘ ‘ Brown Green ‘
0.7 3 0.7 ]
0.65 1 0.65 [ 1
06 N A S Y Y S S 06 A Y N N A Y SN A
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Realized portfolio excess return (%) Realized portfolio excess return (%)
Brown Green ‘ Brown Green ‘
081 1 0.8 1
0.6F 7 0.6F \ A
0.4 L L L L L L L L L L L ] 0V4 L L L L L L L L L L L 1
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Cumulative green-minus-brown portfolio return (%) Cumulative green-minus-brown portfolio return (%)
5t ] st 1
o ] of ]
5t ] 5t 1
10 N Y SN NN SN SN S SN SR -10 [ Y SN N S SN SR SN S
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Portfolio price-to-annual dividend ratio Portfolio price-to-annual dividend ratio
60 - 60 -
‘ Brown Green ‘ Brown Green
591 1 591 1
58 F 3 58 F 1
571 1 571 1
56 56 F 1
55 AN NN SR SN N NN SR S N 55 A NN RN SN NS SN S S S
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Time (months) Time (months)

43



Table 1: Parameter estimates.

The table reports the estimated parameters for the baseline model specification. The subjective discount
rate [ is set at 0.998, the intertemporal elasticity of substitution ¢ at 1.5, the long-run risk persistence
pe at 0.979, its volatility o, at 0.00034, and the persistence of ESG demand ps at 0.9999. The brown,
neutral, and green portfolios are obtained by value-weighting stocks sorted by consensus ESG score. The
estimation procedure is described in Section 4.1. The sample runs from 1991 to 2020.

Economy-wide parameters (© g) and market prices of risk

0l He oc xo HG PG oG o 5 os
12.11057 0.00141  0.00925 0.00118 0.00030 0.99337 0.01064 0.00033 0.00035  0.00005
(1.11048) (0.00059) (0.00036) (0.00210) (0.00029) (0.00641) (0.00040) (0.00015) (0.00013) (0.00000)

>\c )\G )\5 )\cc
0.11199  0.00607 0.01267  0.17005
(0.01099) (0.00204) (0.00154) (0.01644)

Market portfolio parameters (©py)
HdM PdM ,x OdM,c OdM
0.00637  3.35832 0.00144  0.01267
(0.00084) (0.26521) (0.00222) (0.00798)
Brown portfolio parameters (©y,.)

Hdbr Pdbr,x Odbr,c Odbr,dM Odbr HGbr PGbr OGbrG OGbr
0.00714  3.58388  0.00383  0.00728 0.00181 -0.00369 0.98863 -0.00840 0.01683
(0.00076) (0.22522) (0.00243) (0.00821) (0.00229) (0.00331) (0.01020) (0.00099) (0.00065)

Neutral portfolio parameters (O new)
Hdneu Pdneu,x Odneu,c  Tdneu,dM Odneu HGneu PGneu IGneuG OGneu
0.00632  3.34334 0.00061  0.02067 0.00455 -0.00033 0.96928 -0.00076 0.00730
(0.00113) (0.37589) (0.00241) (0.01089) (0.00220) (0.00015) (0.01414) (0.00039) (0.00028)
Green portfolio parameters (©g4,)

Hdgr Pdgr,x Odgr,c Odgr,dM Odgr HGgr PGgr OGgrG OGgr
0.00633  3.33846  0.00123  0.00859  0.00725 0.00183  0.99434 0.01062 0.01440
(0.00076) (0.22033) (0.00222) (0.00741) (0.00055) (0.00231) (0.00717) (0.00084) (0.00054)
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Table 2: Annualized moments and excess return decomposition.

The table reports the observed and model-implied annualized moments. The brown, neutral, and green
portfolios are obtained by value-weighting stocks sorted by consensus ESG score. The estimation proce-
dure is described in Section 4.1. The sample runs from 1991 to 2020.

Portfolio Market Brown Neutral Green Green-minus-brown
Data
Average excess return (full sample) 8.06% 8.26% 7.94%  8.26% -0.00%
Average excess return (2018-2020) 12.27% 7.01% 11.01% 14.21% 7.19%
Excess return volatility 14.82% 16.14% 15.98% 15.04% 8.06%
Model
Short-run consumption risk premium 0.19% 0.51% 0.08% 0.17% -0.35%
(0.31%) (0.33%) (0.34%) (0.31%) (0.17%)
Long-run consumption risk premium 8.38% 9.11% 8.39% 8.33% -0.79%
(0.94%) (0.82%) (1.31%) (0.80%) (0.15%)
ESG supply risk premium 0.01% 0.01% 0.01% 0.01% 0.01%
(0.01%) (0.01%) (0.01%) (0.01%) (0.00%)
ESG demand risk premium 0.02% -0.16% -0.01% 0.16% 0.32%
(0.00%) (0.02%) (0.00%) (0.02%) (0.04%)
Convenience yield premium (sample average) -0.01% 0.14%  0.00% -0.14% -0.28%
(0.01%) (0.05%) (0.00%) (0.05%) (0.10%)
Convenience yield premium (2018-2020 average) -0.06% 0.17%  0.03% -0.16% -0.33%
(0.03%) (0.08%) (0.02%) (0.07%) (0.15%)
Convenience yield premium (2030 projection) -0.21% 0.53%  0.09% -0.50% -1.03%
Expected excess return (sample average) 7.48% 830% 7.20%  7.38% -0.92%
(0.91%) (0.79%) (1.29%) (0.79%) (0.22%)
Expected excess return (2018-2020 average) 7.43% 833% 7.23%  7.36% -0.97%
(0.91%) (0.80%) (1.29%) (0.78%) (0.27%)
Expected excess return (2030 projection) 7.28% 8.69% 7.28%  7.02% -1.67%
Expected excess return + §-shock induced return (sample average) 7.51% 7.83% 7.16% 7.78% -0.05%
(0.91%) (0.78%) (1.29%) (0.81%) (0.33%)
Expected excess return + é-shock induced return (2018-2020 average) 8.08%  3.58%  7.07% 11.96% 8.39%
(0.92%) (0.96%) (1.29%) (0.98%) (1.16%)
Excess return volatility 14.91% 16.18% 16.03% 15.12% 8.00%
(0.24%) (0.17%) (0.37%) (0.21%) (0.14%)
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Online Appendix to
“Dynamic ESG Equilibrium”

Doron Avramov ~ Abraham Lioui Yang Liu  Andrea Tarelli

A Proof of Propositions 1: Euler equation

The optimization program is formulated as

1

Uy = max ((1 ~B) 4 ¥ + BE, U] ) o (A1)
Ay =Ci+6Gw, (W, — Cy), (A.2)

where Gy, =

n=1

wntGny is the aggregate greenness (ESG supply), and d; represents
time-varying preferences for ESG (demand). The budget constraint states that Wi, =
(W, — C}) Rwys41, where Ryys1 = Rypi1 + S0 wny (Ruys1 — Rysy1). At the optimum,
the value function depends on wealth only, that is U; = J (W;) . The agent then optimizes

=

J (W;) = max ((1 CB) AT 4 BE, [T (W) ] ) s (A.3)

The first order condition with respect to consumption is given by

0= (1—B) A, * (1—6,Gws)

_ 1-y75-1
BE [J (W) 7]7 E, [J(Wt—i—l) W,y

Ruea| . (a0
from which we obtain E; [M;1Rw+1] = 1 — 6:Gw,, where My, the stochastic discount
factor (SDF), is formulated as

. —y 8 (Wis1)
B [J (W) 7 T (Wiga) 77 et
My =8 T UZSSY (A.5)

(1-8)A "

Next, we derive the first order condition with respect to w;,

15~ 0T (W,
0= BE, [J(WtH)l UK 'E, J (Wis1) 7a(w—tﬂ)
t+1

+(1-=7) A;ifsth,t (W = Cy). (A.6)

(Wi = Ct) (Rpp1 — Ryp41)



Multiplying (A.6) by wy,; and summing up yields

P _, o0J (W,
OZB&megnlﬂe1E{Junﬂ)7—l—iﬁam—cmeﬁq
oWt
P S _ oJ (W,
— OE, [‘] (Wt+1)1 7} T By {‘] (Wen) ™ M (Wi = Cy) Rf,t+1}
oW1
+ (1= B) A, "0.Gw, (W, = Cy). (A7)

Combining (A.4) and (A.7), we get

PUR . | 3
Eq [J(Wt+1)l V]e J (Wiy1) v 0J(Wit1)

E, |8 — Wt Rrv| =1, (A.8)
1-p)A, "

which is the Euler equation for the risk-free gross return. Because the risk-free asset is
assumed to be, without loss of generality, ESG neutral, the Euler equation for the risk-free

rate is written using the standard representation
Ei [Miy1Ryea] = 1. (A.9)
From (A.6), we can express the Euler equation for excess return on a generic asset as
E: [Miy1 (Ruii1 — Rpg1)] = —0:Go. (A.10)

Summing (A.9) and (A.10), we obtain the Euler equation for the gross return on a generic

asset:
Et [Mt+1Rn,t+1] - ]_ - 6th,t- (All)

We next derive an explicit solution for the value function. To start, we guess J (W;) =
®,W;. Then, equations (A.3) and (A.4) can be expressed as

BE, [@IWiT] =@, "W, - (1-B) A4, ° (A.12)
and .
0=(1—B)A, ¥ (1 —8:Gw,) (W, — Cy) — BE, [®, W, ], (A.13)

S

1
respectively. Combining both equations yields &, = (1 — 6)1_% (%) s Then, M,

in (A.5) can be developed as

1
=y 17161 -7~
E; [@t—i-l Wi } @, Wi

(1-5)A,

My, =8

&=



[}

_ /30 A ¥ Wi ot
At Wt - At

= 59 (Ct_H) 1+ 5 Wt+ét+?t+1 GW,t+1 _
Ot 1 + 5,5 Cs GW,t

Finally, the Euler equation (A.11) and the corresponding SDF can be expressed as

<l

Wi 1 ot
Wy = Ci 1 = 6,Gwe .

(A.14)

Et |:Mt+1Rn,t+1:| = 1, (A15)
6
A Y
My = 50 (%) R%/,tl—&-h (A'16)
t
where RWJH = f;‘:&;t and Rn,t+1 = 1?{;:&; are the ESG-adjusted gross returns on the

consumption asset and on a generic asset, respectively. The Euler equation undertakes
the standard form only when the financial return is replaced by ESG adjusted return.

In what follows, we resort to the log of the SDF, m;,; = log M;1, which obtains as

0
My = Olog B — EACH-l + (0 — 1) (rws1 — log (1 — 6,Gwe))

1446 =G
~ 9 eg g Cwen , (A.17)
Q/J 1 + 5t Cfﬁ GW,t

1 t+1

Wi—Cy
wealth. The expected excess return of a generic asset then satisfies the following relation

where Ac;yq = log Cg

and ry = log is the logarithmic return on financial

1
E¢ [Tn,t+1 - 7“f,t+1] + §Va1"t [rmt-i—l] = —Cov, [mt+1, Tn,t+1] — Yn,ts (A-18)

where r,, 411 = log Ry ¢4, Tri41 = log Ry, and y,,, = —log (1 — 6,G, ). Equation (6)
is obtained combining (A.17) and (A.18).
Finally, we aim to determine the concavity of the value function with respect to Gy

and d;. We start evaluating the first derivatives:

1
!

0TV _ (1 — g) ((1 B A 4 BE, [UL }é) AT, (W, — )
DG

= (1= ) J(W)F A, %6, (Wi — (), (A.19)
a‘]@(;j/t) - (1-8) ((1 —B) A + B, U] 5) A G (W, - )

— (1= )T (W)F A, ¥ Gy (W, — C) (A.20)



which, respectively, are positive for 4, > 0 and Gy, > 0. The second derivatives are

Jun

82J W 1 1 _1_
i%%i1=—aa_ﬁyuwww4w1&0%—692
Wit

' PE: [J(Wm)l”}%
(1= B) A, ¥ + BE, [J (Wiy)' ]
32J(Wt) . 1 L_q

g =y =BT N)TAT G, (- G

<0, (A.21)

=

| BB, [J (W) )7
(1—B)A, * + BE, [J (Wis1)' ]

<0, (A.22)

=

which are both negative. The value function is thus concave in Gy, and d;.

B Proof of Proposition 2: Stochastic discount factor

We consider first the standard log-linearization

TWit1l 2 Kew,0 + KewpePCip1 — PCt + Aciy, (A.23)

where pc; is the log price/consumption ratio, Kywpe = o Kewo = log (14 ePe) —

KrwpePC, With pé, the model-implied average log price/consumption ratio, being deter-
mined as the solution of a fixed-point problem. We perform two additional approxima-

tions. The first is given by

log (1 + €P6,Gy¢) ~ log (1 + eﬁgéw) + LG—MC (5t — 5)
’ 1+ ePeoGy,
ePey ~ e’ oGy
T oGy (e = Gw) 4 g (e — )
= Km,0 + Hm,éét + ’im,G’GW,t + R, pePCt, (A24)
Wher_e Km,s = %, Km,G = %, Km.pe = %, and K, o = log (1 + ef”TSC_JW)—
Km,50 — Iim,GGW — EmpcpC. The second approximation is
log (1 — 6,Guwa) = log (1 — 5Gw) — —CW (6, 8) — — (G — Gow)
’ 1—-0Gw 1—-0Gw ’

= kwo + kw0 + kw.aGwy, (A.25)



_ G _ 5 _ Va < A
where Ky s = —ﬁ, KW,G = — 1556w and Ky = log (1 — §GW) — kw0 — kwaGw.

Then, we can rewrite the SDF as

0
M1 =~ Olog B — EACtH + (0 = 1) rwepr — (0 = 1) (kwo + kwsd + kw,aGwit)

0 0 0
- _Kfm,éA(stJrl - —Fém,GAGW,tH - —Fém,pcAPCtH-

(0 (8 (8

From the theory section, we specify four dynamic processes:

Acii1 = e + Tt + OcEetis
Gwit1 = pa + paGwi + 0GeG 141,
041 = s + PsO¢ + O5€5141,

Tip1 = PaTe + Oz€x,t+1,

(A.26)

where Gy ;11 and 6,41 are mean reverting, uc = (1 — pg) Gw, and ps = (1 — ps) §. Based

on (A.25), we rewrite the Euler equation as:
By [emeritrmen] = pFwotrw S+ rw,aGw.e
To characterize the SDF, we make the guess:
e = Apeo + Ape.aGwi + Ape,sOt + Ape 2T
Then, it follows that

TWit+1 = Krw,0 + KrWpePCra1 — Pt + Ay

= Krw,0 + Apc,O ('LirW,pc - 1) + Apc,G (/irW,pcGVV,FH - GW,t)

+ ApC,é (HrW,pcétJrl - (St) + Apc,:v (’frW,pcl'tJrl - SUt) + Acyy.

Following tedious algebra, we obtain

Mip1 + Twi41 =
flog 8 — (8 - 1) Kw,0 + (1 - 7) fhe + Okrwo + 0 Apco (’frW,pc - 1)

+ QRTW,pc (Apc,G/vLG + Apc,(S,U/cS)
0
(G

( Rm,G + "im,pcApc,G’) Ha + (Km,é + K'm,pcApc,zS) [1'5)

- ”

A-5

Kom.pe 0
QApc,cs (’@‘W,pcpd o L (,05 - 1)) - (0 - 1) Rw,s — Elim,(s (Pé - 1)) §t

(A.31)

(A.32)

(A.33)

(
Kom,pe 0
+ QApc,G RrW,pePG — 1- ¢ (pG - 1) - (6 - 1) Rw,.g — Eﬁm,G (pG - 1) GW,t



Km C
+ ( )+ 0 Ape. (’%TW,pcpx —1- T’p (P2 — 1))) L

—~

- ’Y Oc€ct+1

Km,pe 0
0A pe,G | RrW,pe — T - E’{m,G OGEG t+1

Kom,pe 0
+ 0A pe,d \ KrW,pe — w - Elim,(s 0§E5t+1
R, pe
+ QAPC z | KrWpe — w OzEx t+1- (A34)

As B, [emt+itrwien] = efwotrwsditrwcGwe e can solve for the coefficients:

0log 8 — Okwo + (1 — ) pe
+0/{7"W,0 + QI{TW,pc (Apc,G:uG + Apc75ﬂ6)

_% ("im,G + ’fm,pcApc,G) Ha

ApC,O 0 (1 K ) _% (K:m76 + KmvpCApcyé) /"L(S ) 9 (A-35>
e L=z (OArec(srwpe )~ Ghma) o
2 2
o (Opes(sripe= =22 ) - §rom )"}
2
(HK‘T‘W, c_g’i’mypc)2A26,zo—g
+ — .
A o /im,G (1 - pG) - w’%W,G o Klva - l—d;)(; ) (A 36)
pe,G — w — K _ (wﬁ" — K ) - 1—Kkrw pePc . ’ ’
m,pc rW,pc m,pc) PG Qp—l—pc Km,pe
()
Km,s (1 — ps) — VEws Fm,s — 12 :
Apc,6 = w - = 1—Krw,pcPs = ’ (A37>
— Rm,pc — (wﬁrVV,pc - Hm,pc) 12) ¢T — Km,pe
P—1
v —1 1.
Ay = = Pz . A.38
T S— R —E— It e (A.38)

A sufficient condition for the coefficients A,.q, Apcs, and A,., to be positive is that

> 1,0 >0, and Gy > 0. We can identify the market prices of risk rewriting my, as:
Myp1 = Mo + MaGuwy + Ml + MeTy — AeEepr1 — AGEG1+1 — AsEs5t41 — Maait1, (A.39)
where

mgy = QIOgﬁ — YHe + (9 - 1) (KJTW,D — kw0 + Apc,O (HTW,pc - 1))

+ (0 = 1) Krwpe (Apeclic + Apeshis) (A.40)
0
- E ((’im,(s + ’im,pcApc,é) Hs + (Hm,G + /im,pcApc,G) /JJG) ) (A41)
me = (0 — 1) (Apec (Frwpepe — 1) — kwe) — v (Km,G + EmpeApec) (Pa — 1)

A-6



m,G _ _ Km Em,pc 1—QG
P <1 pG) KIWG P 1= RrW,pcPG
_ (A.42)
1 — Bmwpe  1-pg ’
7/) 1_"@7‘W,pch

0
ms = (9 - 1) (Apc,§ (’@‘W,pcp6 - 1) - KW,J) - E (Hmﬁ + "fm,pcApc,c?) (p6 - 1)

Km,§ (1 _ p(;) _ K‘,W& mpc 1—25
_ P P 1= K/rW,pcp5’ (A43)

1 — Bmwpe  1-ps
P 1_HTW,pcP5

0
My = — 7 + ((9 - 1) (’{rW,pcpa: - 1) - E’im,pc (px - 1)) Apc,:v
1 1 1— —Pzx

/{m PE1— KrW,pcPx

_ oy e (A44)
I
¢ = VO0c¢, .
Ae =7 (A.45)
0
>\G = ((1 - 9) K/TW,pCApC,G + E (’fm,G + ’im,pcApc,G)) (er (A46)
0
)\5 — ( HrW,pcApc,E + E (’im,é + Km,pcApc,(S)) gy, (A47)
Ay = ( (1—0) krwpe + glimmc) Ape 20z (A.48)
—1 —1
(7¢ rW,pC — h/{mwc) Apc,xax- (A49)

Assuming that ’5@W| < 1, it follows that m, < 0. Assuming that ¢» > 1, § > 0, and
Gw > 0 is a sufficient condition for meg, ms > 0, as well as —1 < m, < 0. As for the
market prices of risk, it is useful to notice that K,y pc > K pe. It turns out that A, A, > 0
at all times. The signs of A\g and A5 depend on both positive and negative contributions.
For instance, for § < 0, they are characterized by positive contributions stemming from
the impact of shocks to Gy, and ¢; on the return on aggregate wealth, while negative
contributions arise from the effect on the ESG factor.

The return on wealth can be formulated as

Twit+1 = Rrw,0 + Apc,O (KJT’W,])C - ]-) + Apc,GK/rVV,pc,uG + Apc,&'%rW,pcPJ(S + He

™W,0
+ Apc,G ('%TW,pch' - 1) GW,t + Apc,é (’@“W,pcﬁ& - 1) 5t
+ (Apc,:v (K'?“W,pcpx - 1) + 1) Ty
+ Apc,G'LirW,pco'GgG,t+l + Apc,é/frW,pco-égé,tJrl

+ Apc,xHrW,pcO-wga:,t+1 + OcEet+1- (A50)

As Apec, Apes, and Ay, are positive, the return on wealth is positively correlated with

the shocks eg 141, €541, €xt+1, and e.411. The expected excess return of the consumption



asset can be expressed as

E; [r - + —Var; |r = 0. A+ K Apecog A
t[ Wit+1 f,t+1] 9 t[ W,tJrl] c c rW,pc{ipc,GU G NG

B co? Bum,cog

+ HT‘W,pCApC,(sO'(S )\6 + HTW,pcApc,mUx )\x

"~ ~

B 503 . 51\/1,9;‘7%7
—I—fW,O - —1 — ((SSGW GW,t — —1 _G(;VC—T,W 5i- (A-51)
—yM,t
C Proof of Proposition 3: Risk-free return
We express the Euler equation as
E, [¢mitrien] =1, (A.52)

As 77441 1s known at time ¢, it follows that E, [e"/++1] = et [ ’f“]. Thus, the risk-free rate

of return is given by

reer1 = —log By [e™1]. (A.53)
Using (A.39):
E, [emtﬂ] =E, [em0+mGGW,t+m55t+mzl‘t*)\cfc,tJrl*)\GEG,H»I*)\656,t+1*/\151’,t+1:|
A2 A% a2 a2
— eMmotmaGw,tmsditmati+ 5+ 5+ 3 +5¢ (A.54)

The, using (A.32) yields

C T
Tfir1 = —Mg — — — — — — — — —mg Gy —Ms O — My Ty A.55
i+ X 0 9 9 9 2/ G IWit 6 Ut T Lt ( )
Tf,0 're Tf,6 Tfx

D Proof of Proposition 4: Market return

For the market portfolio, we assume G, = Gw, and thus we can rewrite the Euler
condition (A.11) as
Et [Mt+1RM,t+1] — 1 — (5tGW,t- (A56)

Recalling (A.25), we can write log (1 — 6:Gw) ~ kwo + kw.cGwit + w60t

We use the following log-linearization for the return of the market portfolio:

TMt+1 = K0 + FrapdPdare41 — Ddarg + Adariia, (A.57)



ePdnr
1+ePdm

where Kypfpd = and Kyp0 = log <1 + ePdu ) — Ky M,pdﬁiM. Consider the following

dynamics:

Adprge1 = pans + Pav,a®e + panrsot

+ OantcEepr1 T Oam,GEG 141 + Tam 565141 + Oamia€ap+1 + Tanv€anis1- (A.58)
We make the guess:
pdupe = Ano + AnvcaGwi + Ansor + Aprae. (A.59)
We then write the log market return as:

PMt41 2 Krao + Krapd (Ao + Avapia + Ansivs) — Anro + fam

-~

TM,0

+ SHTM,deG -1) Ane Gwie + ((Krapaps — 1) Ay + pans) Ot

vV Vv
TM,G TM,§

+ ((/‘er,dex - 1) AM,z + de,:c)th

TM,x

+ OartcEctr1 + (BrmpdAmcoc + 0amc) Ecit1 + (KempdArs0s + Tans) €641
N J N N S/

TV TV
OrM,c OrM,G OrM,s
+ (KM pdAM 20x + Odrz) Exttr + Tam Edprisa- (A.60)
N s J v
OrM,x OrM,dM

We impose the Euler condition

E, [¢mentranen] o grwotmwaGwetmwsd (A.61)
where

P41+ M1 X Kearo + Brapd (Ano + Avapic + Anstss) — Ao + tav + mo
+ ((Brmpape — 1) Am + me) Gw
+ ((Krarpaps — 1) Anrs + panes + ms) 0
+ ((Krmpapz — 1) A + parte + my)
+ (Cante — Ae) €ct1 + (FrmpdAmcoc + Oamac — AG) €641
+ (KeMpdAr 505 + Tans — As) €s,041
+(

"irM7pdAM,zO—x + OdM,x — >\x) Ext+1 + OdMEAM t+1- (A62)



Therefore

0~ Kpnro + Krnipd (Aniatic + Anstis) + (Krnrpa — 1) Anro + pane + mo
(Garie — Ae)” (KemrpaArraoc + cavna — Aa)
— IiW,Q + +
2 2
+ (HTM,pdAM,(?O_(S + OdM,s — )\5)2 + (KTM,pdAM,SCO—]? + OdM,x — )\a:)z + UI%M
2 2 2

+ ((Krmpapc — 1) A + me — kwe) Gy

+ ((Krarpaps — 1) Anrs + pares + ms — Kws) O
+ ((/er,dex - 1) AM,:L‘ + PdM .z + mx) Tt. (A63)

Finally, the coefficients in (A.59) are

Koo + Kenipd (A + Anspis) + fan + mo

1 2 2 2
_ a2 TdM,c—Ac KrM,pdAM,GOGHoaM,c—AG
Awo = —— —Wo+—d;’+( iy Ly (o ] L] (A
TIM,P 2 2
4 (KratpaAnr,s05+0an,s—Ns ) 4 (Krat pdAn e 0atoan,e—Aa )
2 2

mg — Rw,g
Avg=+——""", (A.65)

1 — Krmpapc

ms + Pams — Kw,s
Anis = , (A.66)

L — KM paps

my + PdM x
Apgy = ot Pirta (A.67)

11— Ry M pd Pz

The return can be then rewritten as:
2 2
(canr.c—Ac) (KrarpdAn,coctoan,c—Aa)
—Mo + Kw,o — 2 - >
TMi+1 = 2 2
i B (ra paAn 505+0an,s—As) B (KrntpaAnt,e0e+0ans,e—Az ) Y
2 2 2
~ Vv
TM,0

+ (kw,g — ma) Gwi + (kws — mes) 0 —my x4
—_——— — =~

TM,G TM,§ TM,z

N

+ Oantc €1 + (FrmpdAm,coc + Oan,c) G e+1
~——

TV
OrM,c OrM,G

+ (KTM,pdAMﬁO-& + UdM,5) E5,t+1 + (KJTM,pdAM,xU:c + UdM,x) €x,t+1

S N

TV WV
OrM,s OrM,x
+ Oam EdMi1- (A.68)
~—

OrM,dM



Recalling (15), the excess return 7y 41 = a1 — 7fe41 1S thus

2 2
(UdAM,c*)\c) (Kv-Af,pdAM,GUGJFUd]\/I,G*AG)
Rw,0 — 2 - P}
2 2
P 1 _(IirM,pdAIVI,506+O'dM,6*)\6> o (mM,pdAMymaeradM,wf)\z) - o2y
’ 2 2 2
G
T R O
N -~ 7
7A1,0
+ kw,e Gwie + Kwes O
~—~ ~~~

MG (V]

+ OdM,cEci+1 + (HTM,pdAM GO+ Oam G) EGt+1

—~— ~~
OrM,c OrM,G

+ (KrmpaArrs0s + Tarts) €541 + (Kesdpd A 20z + Cantz) Ext1

OrM,s OrM,x

+ OdMm, EdMt+1- (A.69)
~—
OrM,dM

¥ > 1 is a sufficient condition for Ay ¢ > 0. If in addition Gy, > —_MstPaMs _then

~ 1-8(ms+panr,s )
Aps > 0 (Gw > 0 is a sufficient condition for the positivity of Ass). In this case,

expected returns are negatively correlated with G and d;, as ra ¢, 7ms < 0. Proposition

4 is obtained iIIlpOSiIlg PdM,s = OdM,G = OdM,s — OdM,xz = 0.

E Proof of Proposition 5: Risky asset returns

For an arbitrary risky asset, the Euler equation reads:
Ei [Mi1Rpii1) =1 — 6,Gpy. (A.70)
Similarly to (A.25), we can write
log (1 = 6:Gnt) =~ Kno + EncnGnt + Kns0t, (A.71)

-1 6G , and K, o = log (1 —0G ) — KnanGn — /imgg.

We use the following log-linearization for the return of the risky asset:

_ 5
where Ky, gn, = — 15 Kne =

Tnt+1 = Krn0 + "frn,pdpdn,t-‘rl - pdn,t + Admt-‘rla (A72)
where Kyppa = If% and Ky, o = log (1 + ePdn ) — /fm,pdp_dn. Consider the following
dynamics:

Gn,t-{—l = HGn + pGnGn,t + OGn,GEG,t+1 + OGnEGn,t+1; (A73)

A-11



Adn,tJrl = Htdn + Pdn,z Tt + pdn,édt + Odn,c€c,t+1 + Odn,GEG t+1 + Odn,6€6,t+1 + Odn,z€x,t+1

+ Odn,GnE€Gnt+1 + Odn,dMEdM,t+1 T OdnEdn,t+1, (A.74)
where g, = (1 — pan) G. We make the guess:
pdns = Apo+ AncGwi + Ap sty + Anaxe + Ap nGog (A.75)
We then write the log asset return as:

Tnt+1 = Krn0 + an,pdAn,O + '%Tn,pdAn,G,uG + Hrn,pdAn,é,[//& + "irn,pdAn,GnlflGn - An,O + Hdn
Tn,0

+ (’irn,pdpG - 1) An,Ci GW,t + ((Krn,pdpcg - 1) An,& + pdn,é) 51%

. (. /
~~ v~

Tn,G Tn,s

+ ((/{rn,pdpac - 1) An,ac + pdn,x) Ty + (lirn,pdpGn - 1) An,G’Z Gn,t

S/
-~ -~

Tn,z Tn,Gn

N S

+ Odn,c €c,t+1 + (’frn,pdAn,GO-G + /{rn,pdAn,GnO-Gn,G + Odn,G) Eat+1

~~
Orn,c Orn,G

+ (/{rn,pdAn,do-(s + O-dn,(s) E5t+1 + (Hrn,pdAn,aco-x + Udn,:c) Ex,t+1

A >
Vv Vv
Orn,s Orn,x
+ ('%rmpdAn,GnaGn + Udn,Gn) EGn,t+1 + Odn,dM €dM,t+1 + Odn Edn,t+1- (A76)
. -— - D e v
Orn,Gn Orn,dM Orn,dn

We impose the Euler condition

Et [emt+l+rn,t+1j| — eﬁn,0+ﬁn,GnGn,t+l€n,55t7 (A77)
where

Myg1 + Tngr1 Mo + Ko + (Krnpd — 1) Ano + Kenpd (Anclic + Anstts + Ancnlicn) + dn
+ (ma + (Krnpapc — 1) Ang) Gwy
+ (ms + (Krnpaps — 1) Ans + Pans) O
My + (FrnpdPz — 1) Ang + Pana) Tt
KrnpdPcn — 1) ApanGnyt

_>\c + Udn,c) Ect+1

_)\5 + "irn,pdAn,zSO'(s + Udﬂ,(i) E5,t+1

(
+(
+(
+(
+ (=g + BrnpdAn.coG + ErnpdAn.cnOen.c + Odnc) G141
+
+ (= e + BrnpdAn 20z + Odng) Ex i

+(

’irn,pdAn,Gno-Gn + Udn,Gn) EGn,t+1

A-12



Therefore

+ Odn,dMEdM,t+1
+ Odn€dn,t+1

= Kn,0 + /in,GnGn,t + Hn,é(;t-

(A.78)

0= mo + Rrn,0 + (’irn,pd - 1) An,O + Rrn,pd (An,G,uG + An,&/fqﬁ + An,GnMGn) + Hdn

— Kno +

<_)\c + Udn,c)2 + (_)\G + Ryrn,pd (An,GUG + An,GnoGn,G) + Udn,G)2

2 2
(_)\5 + Hrn,pdAn,(So'é + Udn,5)2 (_)\z + ern,pdAn,zU:v + O'dn,:p)2
+ +
2 2
+ (/frn,pdAn,GnO-Gn + Udn,Gn)2 + O-Zn,dM + O-_Sn
2 2 2
+ (mG + ("’irn,pdpG - 1) An,G) GVV,t
+ (m5 + (ern,pd,ozs - 1) An,zS + Pdn,s — Kn,é) 5t
+ (mm + (Hrn,pdpx — 1) An,:v + pdn,z) Tt
+ ((’irn,pdpGn - 1) An,Gn - "in,Gn) Gn,t~ (A79)
Finally, the coefficients in (A.75) are
mo + Rrn,0 + Rrn,pd (An,Gﬂ'G’ + An,(SMé + An,GnﬂGn)
_'_,udn — Kn,o
A 0= 1 _'_(_/\c+20'dn,c)2 + (_>\G+’frn,pd(An,GUG';An,GnUGn,G)+Udn,G)2 (A 80)
n, 1— Ko ; .
Pl _'_(_>\6+K/rn,pdA2n,50'6+0'dn,6)2 + <_)\x+’€rn,pd142n,xa'ac+0'dn,z)2
("'i'rn7 dAn,GnUGn+Udn,Gn)2 0'2”, 2n
I3 a + d 2dM + %
mgag
Ang=7—"—7, A81
’ 1-— Ryrn,pd PG ( )
Apg = 0T Pdns — Fingp (A.82)
1- Krn,pdPs
1— Rrn,pdPx
—Rn,Gn
Ay gy = ——mGn__ A.84
7 1— Rrn,pdPGn ( )
Note that A, g, > 0 and that the return coefficient on G,; is r,gn = kngn < 0.

Furthermore, A, ¢ > 0, and thus r, ¢ < 0, when ¢ > 1. Finally, A, s is positive when



G, > ———2——. We can also rewrite the return on an asset as follows
1_(m6+pdn,6>

—my -+ Rn,0
(_AC'FO'dn,C)Q (_>\G+’€rn,pd(An,GJG+An,GnUGn,G)+Udn,G>2

2 2
2 2
(_/\5+’irn,pd14n,50'5+0'dn,6) (_>\a:+’irn,pdAn,an:+Udn,z)

2 2
A + 2 2 2
Krn,pdin,GnO0GnT0dn,Gn Jdn,dM Tin
2 2 2
~~
Tn,0

Tn,t+1 =

—mg GW,t + (lin,é - m5) 5t —My Ty + Rn,Gn Gn,t
~—~— —_— ——

Tn,G Tn,s Tn,x Tn,Gn

+ Odn,c €c,t+1 + (Hrn,pdAn,GaG + Hrn,pdAn,G’no_Gn,G + O_dn,G) EGt+1
~—~—

. 2
-~

Orn,c Orn,G

+ ('%rmpdAn,(sU(? + O—dn,ﬁ) €6,t4+1 + (K'rn,pdAn,:cax + Udmx) Ex,t+1

N J . J
~~ ~~

Orn,s Orn,x

N J
-~

Orn,Gn Orn,dM Orn,dn

+ ("irn,pdAn,Gno-Gn + Udn,Gn) EGn,t+1 + Odn,dM €dM,t+1 + Oan Edn,t+1-
S—— ~

(A.85)

Proposition 4 is obtained imposing pins = Odan,¢ = Tdn,s = Tdnz = Tan,cn = 0. Recalling

(15), the excess return 7y, ;11 = 741 — T'f4+1 Can be expressed as

(_>\C+Udn,c)2 (_)‘G""HTn,pd(An,GUG+An,GnUGn,G)+0dn,G>2

'%TL,O - P - 9
2 2
,r.A 1 ~ <_)‘6+Hrn,pdAn,5a—§+Udn,6) (_>\1+an,pdAn,m0'I+0'dn,z)
e 2 2
2
(Hrn,pdA7L,Gn0'Gn+o'dn,Gn) Ugn,dn/] 0'3,” + )\g + AZG _|_ )\(2; _|_ )\i
2 2 2 2 2 2 2
" ~ 7
fn,O

+ Rn,8 575 + Rn,Gn Gmt
~—~ ——

Tn,s Tn,Gn

(. S/
-~

+ Odn,c €c,t+1 + (’irn,pdAn,GO-G + /{rn,pdAn,GnO-Gn,G + 0dn,G) Eat+1

Orn,c Orn,G

+ (lirn,pdAn,do-J + O-dn,cs) E5,t+1 + (/{Tn,pdAn,aco-z + Udn,x) Ex,t+1

(. S/
-~ -~

Orn,s§ Orn,x

+ ('%rmpdAn,GnaGn + Udn,Gn) EGn,t+1 + Odn,dM €dM t+1 + Oan Ednt+1-
N—— N

N S

TV
Orn,Gn Orn,dM Orn,dn

The expected excess return can also be written as

1
Ei [rni+1 — reee] + §Val"t [Tnit1] = —Cove [Meg1, Tnat1] — Ynot,

(A.86)

(A.87)



where

_>\050,t+1 - )\G‘SG,H-I - )\556,1&4-1 - )\xgm,t—&—ly
_COVt [mt-i‘l’ Tn7t+1] = _COVt Orn,c€et+1 + Orn,GEG,t+1 + Orn,6€6,t+1 + Ornx€xt+1

+0-rn,G’nggn t+1 + Orn,dMEdM t+1 + o ,dnEdn t+1

= T g2 4\, TG g2 A Tnd o2 43, Tt 62 (AL88)
Br,e Bn,G Bn,s Bn,z
2 2 2 2 2
%Vart Fasa] = Ur2n,c n Ur;,c; n Ur;,& n U?;L,x n O-rr;Gn m2dM n Um;dn7 (A.89)
and
Ynt = —1og (1 — 6;Grt) ~ — (Kno + Kns0t + KngnGnt) - (A.90)

F Estimation methodology

To perform the estimation, we use the Kalman filter (Hamilton, 1994) to write a likelihood
function that is then numerically maximized relative to the parameter space. We first
develop the state space representation, jointly considering the equations representing the
dynamics of consumption growth in (7), aggregate ESG supply and demand in (9) and
(10), long-run risk in (8), the grenness of portfolio j (j = {br, neu, gr}) in (21), market

excess return in (A.69), and individual portfolio excess returns in (A.86):

Acit1 = fle + T + Ot (A.91)
Gwit1 = e + paGwi + 0GEG 141, (A.92)
Orr1 = s + P50t + 055,141, (A.93)
Tip1 = Paly + OuEa i, (A.94)
Gii1 = taj + paiGie + 0Gj.6EG1+1 + 0GiEG) 141, (A.95)
Parge1 =~ Taro + Ta,aGwy + Parsde + Taray
+ Or M c€ctt1 T OrMm,GEGE+1 + OrM 6E5,14+1
+ OrM z€xt+1 T OrM,dMEAM 141, (A.96)
Pir1 = Tjo + 7.6Gwe + 7600 + 7ja2 + 756Gl
+ 0rjc€ettl T 0rj,GEGt+1 + 015 5E5t+1 + Orja€attl
+ 0vj,Gji€G)t+1 T OrjdMEdM t+1 T Orjdj€djt+1- (A.97)

Note that the right-hand side depends on the current value of the state variables Gy,

0¢, oy, and G, as well as on the innovations €.;11, €G141, €5t415 Extt1s EGjt+1s EdM+15



and €4;++1. The equations can be stacked through a VAR representation:

where:

Bx =

o o o O

0

X1 =Ax +Bx X, +ox€141,

i Ac ] i e
Gw, Ha
Ot Hs
Ty 0
G Ax = | ugj
TM 41 M0
Tt 75,0
0 0 1 0
b 00 0
0 ps 0 0
0 0 p 0
: 0
0 0 0 0 pg
0 0
Tmae Tms Tmgz -+ 0
0
Tia Tis Tiz 0 Tjq;
0 0

o

o O O O o o o o o o o

€41 =

o O O O o o o o o o o

Ect+1

€Gt+1

E6t+1

ga:,t—l—l

€Gj,t+1

EdM,t+1

Edj,t+1

o O O O o o o o o o o

(A.98)

(A.99)

(A.100)



| Oc 0 0 0 0 0 0 0 0 1

0 oG 0 0 0 0 0 0 0
0 0 Os 0 0 0 0 0 0
0 0 0 Oy 0 0 0 0 0
0 0 0
ox=| 0 oga 0 0 0 o0g; O 0 0
0 0 0
OrMe OrM,G OrMs OrMaz -+ 0 o Oppam 0

0 0 0 0

Orje  OrjG Orjs Orje O 0Oy 0 opjan 0 opjg 0
0 0 0 0

(A.101)

We consider as observables the real monthly consumption growth, the ESG scores of
the market (proxying for the greenness of the aggregate wealth portfolio) and its excess
return, as well as the ESG scores of the portfolios and their monthly returns. We stack

these variables in the vector Y;:
Y= |Ac, Gy -+ Gy - Fagg oo Py o] - (A.102)
The observation equation of the Kalman filter (with zero observation errors) is given by
Y, = HX,, (A.103)

and H is a sparse matrix loading with unit weights the elements of X, that belong to Y;:

o o O =
o O = O
o o o O
o o o O
o = O O
- o O O
o o o O

(A.104)

000O0O0OO0O O 1

The prediction stage is described by the following transition equations, which provide

the time-t conditional expectation and covariances of the state variables in ¢ + 1:

X =Ax + Bx Xy, (A.105)
¥% . =BxX;,Bx + ox0, (A.106)

A-17



X0 is initialized considering the initial values of the observable variables, complemented
by 0y and xg, which belong to the parameter space and represent the unobservable initial
values of the processes d; and x;. Eﬁo is initialized at oxo’y. The predicted vector of
observables is thus Y, = H X, ;. The updating equations, which consider the ¢ + 1

observed values Y; 1, are then

Xijerr =Xy + Ker (Vi — HX ) (A.107)
B e =50 — K (HEL HY) K, (A.108)

t+1]¢ t+1t
model parameters ©, equations (A.105) through (A.108) are evaluated recursively. Then,

-1
where K; ., = X, H' (HEX H’> is the Kalman gain. Given a candidate set of

for each time step, the following log-likelihood function is evaluated

n 1
l41(0) = —3 log (27) — 5 log |HXY, H|

(Y — HX ) (HES HY) ' (Y~ HX 1) - (A.109)

N —

The total log-likelihood, £(0) = Y21, £ (©), is numerically maximized with respect to
the parameter space O to obtain the model estimates. In the optimization, we impose the
long-run means of the aggregate ESG score, Gy, and the individual asset scores, G, to
be equal to their sample means. Similarly, 6 is equal the sample mean of the filtered state
variable ;. We further set the long-run means of the model-implied price-to-dividend
ratios of the market portfolios and individual assets to match the sample average of the

observed price-to-dividend ratios. Finally, d, is restricted to be nonnegative.

G Shocks to ESG demand and ESG score in the presence

of correlated casflows

We perform a supplementary analysis where dividend growth is allowed to be correlated
with innovations of ESG demand and of the asset’s ESG score. This implies relaxing the
hypothesis that the coefficients ¢4, 5 and o4, n, appearing in equation (A.74), are equal
to zero.

To allow for a conditional correlation between dividend growth and ESG demand,
Corry [Ady 141, 0141), we consider the baseline parameter values reported in Section 4.2
and replace 04,5 (which baseline value is zero) and o4, with G4, and G4y, respectively,
such that i) the conditional correlation between dividend growth and ESG demand equals
the value we aim to impose, and ii) the total dividend growth volatility, oan tot, is the same

as the estimated one:



— 2 2 2 2 2 2 2
Tdn,tot = \/Udn,c T 0inc T %ans T Oang T Oan,en T Tandm T Tan (A.110a)

6dn,6 = Odn,tot ° COI’I’t [Adn,t+17 6t+1] ’ (AllOb)

~ 2 _ 2 2 ~2 2 2 2
Odn = \/Udn,tot (Odn,c + Jdn,G + 0dn,5 + gdn,az + Jdn,Gn + Udn,dM) : (A].lOC)

Similarly, to allow for a conditional correlation between dividend growth and the

asset’s ESG score, Corry [Ady, 141, Gpit1], we determine G4y, ¢, and &4, such that:

— 2 2 2 2 2 2 2
Odn,tot = \/Jdn,c + O4nc t Tdns T Oang t Odnon T Oanam t Tan (A.111a)
&dn,Gn = Odn,tot * COI'I't [Adn,t—i-la Gn,t—i—l] ) (Alllb)
~ — 2 _ 2 2 2 2 ~2 2
Odn = \/Udn,tot (Udn,c + Udn,G’ + O-dn75 + Udn,r + Udn,Gn + Udn,dM) . (All]_C)

The graphs on the left in Figure A.1 show the response to an unexpected one-
standard deviation annual shock of ESG demand for different values of the correlations
Corry [Adgr 41, 0141] and Corry [Adpy t41, 6141]. The graphs on the right show the response
to an unexpected +0.1 annual shock of the green asset’s ESG score, G, 441, for different

values of the correlation Corry [Ady, ¢11, G grit1]-



Figure A.1: Impact of casflows’ correlation with ESG demand and ESG score.

The graphs on the left show responses to a one-standard deviation positive annual shock applied to
;. Solid lines correspond to zero correlations, Corr [Adg, ¢41,0¢+1] and Corry [Adpy 141, 0141, between
portfolio dividend growth and d;. Dashed lines correspond to a negative (positive) correlation for the
green (brown) asset. Dotted lines correspond to a positive (negative) correlation for the green (brown)
asset. The graphs on the right show responses to a 4+0.1 annual shock to the ESG score of the green
portfolio. Solid lines correspond to a zero correlation Corry [Adgy 141, Ggrt+1], dashed (dotted) lines
to a negative (positive) correlation. The expected and realized excess returns of the brown and green
portfolios, the cumulative return of the green-minus-brown portfolio, and the price-to-annual dividend
ratios of the brown and green portfolios are shown. The state variables are initially set at their average
values and the shocks are equally distributed throughout 12 consecutive months.

Response to annual one-std shock to d; Response to annual shock to Gy, (+0.1)
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