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1 Introduction

The global financial market has experienced exponential growth in sustainable investing,
an investment approach that considers environmental, social, and governance (ESG) factors
in portfolio selection and management. Since the launch of United Nations Principles for
Responsible Investment (PRI) in 2006, the number of signatories has grown from 734 in 2010
to 1,384 in 2015 and 3,038 in 2020, with total assets under management of US$21 trillion
in 2010, US$59 trillion in 2015, and US$103 trillion in 2020.! In line with the increasing
concerns about global warming, BlackRock CEO Larry Fink wrote in a recent annual letter
that climate change will force businesses and investors to shift their strategies, leading to a
“fundamental reshaping of finance” and “significant reallocation of capital”.?

As the ESG objective is becoming a primary focus in asset management, the reallocation
of capital has major implications for portfolio decisions and asset pricing. However, ESG
investors often confront a substantial amount of uncertainty about the true ESG profile of
a firm. In the absence of a reliable measure of the true ESG performance, any attempt to
quantify it needs to cope with incomplete and opaque ESG data and nonstructured meth-
odologies. A meaningful illustration of uncertainty about the ESG score is the pronounced
divergence across ESG rating agencies.> While such uncertainty could be an important bar-
rier to sustainable investing, to date, little attention has been devoted to the role of ESG
uncertainty in portfolio decisions and asset pricing.

This paper aims to fill this gap by analyzing the equilibrium implications of ESG uncer-
tainty for both the aggregate market and the cross section. To pursue this task, we consider
brown-averse agents who extract nonpecuniary benefits from holding green stocks, following
Péstor, Stambaugh, and Taylor (2021a). We first study the aggregate market through a
mean-variance setup that consists of the market portfolio and a riskless asset. Due to uncer-
tainty about the ESG profile, equities are perceived to be riskier. In addition, the demand
for equities consists of two components: (1) the usual demand when ESG preferences are
muted and (2) a demand for a pseudo-asset with a positive payoff for a green market and a
negative payoff for a brown market as well as volatility that evolves from uncertainty about
the market ESG score. Aggregating these components, we show that the overall demand for
equities falls due to ESG uncertainty, even when the market is green.

We then formulate the market premium in equilibrium. While the higher risk due to

1See, https://www.unpri.org/pri.

2See, https://www.blackrock.com/corporate/investor-relations/larry-fink-ceo-letter.

3Berg et al. (2020) document that the average correlation among six major rating providers is only 0.54.
They also find that, even when the categories of attributes considered for the evaluation of a firm’s ESG
profile are fixed, raters largely disagree on the measurement of these granular characteristics.
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ESG uncertainty essentially commands a higher market premium, there is an offsetting
force when the market is green because ESG investors extract nonpecuniary benefits from
holding green stocks. The ultimate implications of ESG preferences with uncertainty for
the market premium are thus inconclusive. When the market is green neutral, however, the
equity premium rises with ESG uncertainty. For perspective, when ESG uncertainty is not
accounted for and the market is green (green neutral), the market risk does not change, the
demand for risky assets rises (does not change), and the market premium drops (does not
change) relative to ESG indifference.

We further derive a CAPM representation where both alpha and the effective beta vary
with firm-level ESG uncertainty. The effective beta differs from the CAPM beta in the
following way. While the CAPM beta is based on the covariance and variance of actual
returns, the effective beta reflects the notion that both the market and individual stock
returns are augmented by a random ESG-based component, which is positive for a green
asset and negative otherwise. Thus, the effective beta is based on the covariance and variance
of ESG-adjusted returns. Regarding alpha, when ESG uncertainty is not accounted for, the
CAPM alpha exclusively reflects the willingness to hold green stocks due to nonpecuniary
benefits, and the ESG-alpha relation is, hence, negative.* Accounting for ESG uncertainty,
the equilibrium alpha increases with ESG uncertainty and the ESG-alpha relation weakens.

We move on to empirically test the model implications using U.S. common stocks from
2002 to 2019. We collect ESG ratings from six major rating agencies, namely, Asset4 (Refin-
itiv), MSCI KLD, MSCI IVA, Bloomberg, Sustainalytics, and RobecoSAM. We employ the
average (standard deviation of ) ESG ratings across rating agencies to proxy for the firm-level
ESG rating (ESG uncertainty). Consistent with existing studies, we confirm that there are
substantial variations across different rating providers, while the average rating correlation
is 0.48. The variations are quite persistent throughout the entire sample period.

We first examine how the ESG rating and uncertainty affect investor demand. To better
capture the demand from ESG-sensitive investors, we consider three distinct types of institu-
tions: norm-constrained institutions, hedge funds, and other institutions. Norm-constrained
institutions, such as pension funds as well as university and foundation endowments, are more
likely to make socially responsible investments compared to hedge funds or mutual funds
that are natural arbitrageurs (Hong and Kacperczyk (2009)). We first confirm that norm-
constrained institutions display preferences for greener firms. Consistent with the model
prediction, we find that in the presence of uncertainty about the ESG profile, ESG-sensitive
investors lower their demand for risky assets. For instance, among the high-ESG-rating

portfolios, norm-constrained institutions hold 22.8% of the low-uncertainty stocks while only

4See, e.g., Heinkel et al. (2001) and Pastor, Stambaugh, and Taylor (2021a).



18.1% of the high-uncertainty stocks, indicating a 21% decline. The results are particu-
larly strong among high-ESG stocks, suggesting that rating uncertainty matters the most
for ESG-sensitive investors in their ESG investment. Notably, even with the growing ESG
awareness, their demand for green assets continues to diminish with rating uncertainty in
the recent decade. In addition, while hedge funds invest more in low-ESG stocks, rating
uncertainty plays a similar role in discouraging stock investment.

We next examine the cross-sectional implications of ESG uncertainty. We first sort stocks
into quintile portfolios based on their ESG uncertainty. Within each uncertainty group, we
further sort stocks into quintile portfolios according to their ESG ratings. We find that
the ESG rating is negatively associated with future performance among stocks with low
ESG uncertainty, providing empirical support for the predictions of Pastor, Stambaugh, and
Taylor (2021a), who rely on deterministic ESG scores. For instance, brown stocks outperform
green stocks by 0.59% per month in raw return and 0.40% per month in CAPM-adjusted
return. However, in the presence of ESG uncertainty, our model shows that the ESG-alpha
relation can be nonlinear and ambiguous. Indeed, we demonstrate empirically that the
negative return predictability of ESG ratings does not hold for the remaining firms. The
results are robust to adjusting returns for alternative risk factors and controlling for firm
characteristics in Fama and MacBeth (1973) regressions.

Finally, we calibrate the model for plausible values of market volatility and risk aver-
sion. The investment universe consists of a riskless asset and the market portfolio. Our
calibration considers two types of agents who observe the returns on investable assets. One
type of agents accounts for ESG preferences with uncertainty in assessing the risk-return
profile of the optimal portfolio, while the other type is ESG indifferent. Accounting for ESG
uncertainty significantly reduces the demand for the market portfolio and the certainty equi-
valent rate of return of ESG-sensitive agents. The calibration results reinforce the notion
that ESG uncertainty could negatively, and significantly so, affect the risk-return trade-off,
social impact, and economic welfare.

This paper contributes to several strands of the literature. First, we explicitly account for
uncertainty about the ESG profile in equilibrium asset pricing for both the aggregate market
and the cross section. Prior work has focused on investors’ ESG preferences (e.g., Heinkel
et al. (2001) and Pdstor, Stambaugh, and Taylor (2021a)), while our model predictions and
calibration results highlight the importance of considering ESG uncertainty when analyzing
sustainable investing. Specifically, the perceived equity risk increases with ESG uncertainty,
while the demand for equity falls. ESG uncertainty also affects the market premium in
aggregate, as well as the CAPM alpha and effective beta in the cross section.

Second, we contribute to the growing literature on the cross-sectional return predictab-



ility of the ESG profile. Prior studies document weak return predictability of the overall
ESG rating (e.g., Pedersen et al. (2021)) and mixed evidence based on different ESG prox-
ies (e.g., Gompers et al. (2003); Hong and Kacperczyk (2009); Edmans (2011); Bolton and
Kacperczyk (2020)). Our contribution is to propose that ESG uncertainty could tilt the
ESG-performance relationship and serve as a potential mechanism to explain the opposing
findings. We show that ESG ratings are negatively associated with future performance when
there is little uncertainty and that the ESG-performance relationship could be insignificant or
positive when uncertainty increases. Thus, the sin premium (Hong and Kacperczyk (2009))
and carbon premium (Bolton and Kacperczyk (2020)) could be attributed to the notion that
sin stocks (i.e., companies involved in producing alcohol, tobacco, and gaming) and carbon
emissions are clearly defined and thus subject to minimal uncertainty among investors. On
the other hand, other ESG profiles could be more challenging to measure or rely on non-
standardized information and methodologies, thereby displaying more uncertainty and mixed
evidence on return predictability. A recent work by Pastor, Stambaugh, and Taylor (2021b)
further highlights the distinction between ex ante expected returns and ex post realized re-
turns, and shows that U.S. green stocks outperformed brown stocks during the last decade,
due to unexpectedly strong increases in environmental concerns. While our model is static in
nature and formulates expected returns, we also confirm that our findings are stronger in the
pre-2011 period. This suggests that the equilibrium outcome over longer horizons could be
even stronger than the full sample evidence we document, due to the unexrpected outcomes
realized over the last decade.

To the extent that ESG uncertainty will decrease with a better understanding of a firm’s
true ESG profile, our work enriches academic and policy discussions in that context. Despite
the rapid growth in the sustainable investing and ESG data markets,® the comparability of
ESG information remains a critical issue. Due to the lack of standards governing the report-
ing of ESG information, it is not a trivial task to compare the ESG data of two different
companies (Amel-Zadeh and Serafeim (2018)). In addition, the construction of ESG ratings
is nonregulated, and methodologies can be opaque and proprietary, leading to substantial
divergence across data providers (e.g., Mackintosh (2018); Berg et al. (2020)). Our findings
imply that the lack of consistency across ESG rating agencies makes sustainable investing
riskier and hence reduces investor participation and potentially hurts economic welfare. This
has important normative implications. For instance, it would be useful for policymakers to
establish a clear taxonomy of ESG performance and unified disclosure standards for sustain-

ability reporting. It would be especially instructive to identify which investments are really

5The estimated spending on ESG data was US$617 million in 2019 and could approach US$1 billion by
2021. See, http://www.opimas.com/research/547/detail/.
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green. Doing so could mitigate ESG uncertainty, thus reducing the cost of equity capital for
green firms, leading to higher social impact.

Our study of the equilibrium implications of ESG uncertainty owes a debt to the in-
novative setup developed by Péstor, Stambaugh, and Taylor (2021a), although our focus is
different. Pastor, Stambaugh, and Taylor (2021a) comprehensively analyze the equilibrium
implications of sustainable investing and conduct an analysis of welfare and social impact.
They also account for the possibility that ESG investors can disagree about a firm’s ESG
profile and analyze cases where the market is green neutral or green. Notably, in their setup,
the ESG score is certain because investors are dogmatic about their ESG perceptions and
can observe each other’s perceived ESG values. Relative to their important work, we study
the implications of uncertainty about the corporate ESG profile. In particular, the investors
in our model agree that the ESG scores are uncertain and they also agree on the underlying
distribution of the uncertain scores. The empirical proxy for uncertainty is the dispersion,
or disagreement, across raters. We show that ESG uncertainty affects the equity premium,
investor’s demand for risky assets, economic welfare, and the alpha and beta components of
stock returns.

The remainder of this paper is organized as follows. Section 2 presents the model. Section
3 describes the data and the main variables used. Section 4 empirically examines how
ESG ratings and uncertainty affect investor demand and cross-sectional return predictability.
Section 5 calibrates the model and explores its quantitative implications. The conclusion

follows in Section 6.

2 ESG and Market Equilibrium

The theory section develops the economic setup. We start with a single risky asset, i.e.,
the market portfolio, and a riskless asset. We derive the optimal portfolio and discuss the
implications of uncertainty about the ESG profile for the market premium and welfare. The
single-asset setup is then extended to consider multiple risky assets. We analyze the implic-
ations of ESG uncertainty for the demand of individual stocks, derive an asset pricing model
for the cross section of stock returns, and discuss incremental effects of ESG uncertainty on

the alpha and beta components of returns.

2.1 One Risky Asset

Consider a single-period economy in which an optimizing agent trades at time 0 and liquidates

the position at time 1. Let 73, denote the random rate of return on the market portfolio in



excess of the riskless rate, 7¢, and let gj; denote the true, but unobservable, ESG score of

the market portfolio.® We model the excess market return and the ESG score as

v = far + €y (1)
gM = fgM + €g M (2)

where E (Ty;) = pa is the expected market excess return, E (ga) = pgum is the expected
value of the market ESG score, and €y, and €,/ are zero-mean residuals. We assume
that the residuals obey a bivariate normal distribution with o, 04, and pg s denoting
the standard deviation of return, the standard deviation of ESG score, and the correlation
between residuals, respectively.

It is assumed that the agent knows the joint distribution of return and the ESG score as
well as the underlying parameters. In the empirical analysis that follows, 4 2 and oy s are
proxied by the average and standard deviation of ESG ratings across six major data vendors,
respectively. From an investor’s perspective, a higher o, ; indicates more disagreement
among ESG raters and hence more uncertainty about the true ESG profile of the market.

Following Péstor, Stambaugh, and Taylor (2021a), we consider an optimizing agent
who derives nonpecuniary benefits from holding stocks based on their ESG characteristics.

Moreover, preferences are formulated through the exponential utility (CARA) function
1% (Wl,x) = — e~ AWi=BWozgn (3)

where W1 = Wy (1 + T+ x7)r) is the terminal wealth, W) is the initial wealth, x is the
fraction of wealth invested in the risky asset, A stands for the agent’s absolute risk aversion,
and B characterizes the nonpecuniary benefits that the agent derives from stock holdings.
Positive (negative) B indicates that the agent extracts benefits from holding green (brown)
stocks. Hence, B can be interpreted as the absolute brown aversion. In the following, we
make the sensible assumption of a nonnegative brown aversion (B > 0). Slightly departing
from Pastor, Stambaugh, and Taylor (2021a), we formulate preferences for ESG to be wealth-
dependent. Then, the expression BW), represents the relative brown aversion.

In the presence of brown aversion, the correlation between residuals in equations (1) and
(2), pg.m, is assumed to be positive. In particular, if the agent learns that the market ESG
score is higher than previously thought (i.e., € s is positive), the price that he would be

willing to pay for the market will be revised upward (positive €,/), while a downward price

SConsistent with static setups, we do not formulate intertemporal preferences; hence, the riskless rate is
exogenously specified.



revision applies for a score lower than previously thought.”

Observe from equation (3) that the investment in the riskless asset does not contribute
to the portfolio’s ESG profile, as perceived by the agent. This is because the riskless asset
is implicitly assumed to be green neutral. As ESG scores are ordinal in nature, the choice
of considering the riskless asset as a reference level does not imply loss of generality. In
addition, to capture the ESG benefits and costs from investing in the market, we allow the
market portfolio to depart from green neutrality.

The agent picks z attempting to maximize the expected value of preferences in equation
(3). The first-order condition suggests that the optimal portfolio in the presence of ESG
uncertainty is given by

o LHM J;bug,% (4)

Y oMU

where b = £ 4 = AW, stands for the relative risk aversion, and o3, = o3, + b%07 5 +
2borog vmpgr is the variance of return, as perceived by the agent. Henceforth, b is referred
as brown aversion for brevity. The ex-ante market variance, J%/LU, is no longer equal to o3,
because, with ESG uncertainty, the risky asset is perceived to be a package of two distinct
securities. The first delivers the market excess return 7,,, while the second reflects exposure
to ESG uncertainty and yields bgy,. The latter component can be interpreted as investing b
units in a pseudo-asset that pays gyps per unit. As b increases, i.e., when the ratio between
brown aversion and risk aversion increases, the ESG component becomes more meaningful
in investment decisions. A sufficient condition for U%/[,U > o3, is that the brown aversion
and the correlation between market return and ESG score are nonnegative (i.e., b > 0 and
pg.m > 0). As noted earlier, these conditions are likely to be satisfied.

In what follows, we consider a positive market premium (i.e., gy, > 0), which is plaus-
ible in the presence of risk aversion. The brown-aversion assumption is sensible for ESG-
perceptive investors. Additionally, to distill the incremental effects of ESG uncertainty, we
consider two benchmark cases. In the first, the agent is ESG indifferent, and in the second,
preference for ESG is accounted for, while the ESG profile is known for certain. The latter
case is studied by Péstor, Stambaugh, and Taylor (2021a) in a multiple-security setup.

Equation (4) presents the optimal stock position in the presence of uncertainty about
the ESG profile. Stock investment is thus driven by the relative risk aversion, v, and the
price of risk of the portfolio that yields 7y, + bga;. To give perspective on the optimal equity
demand, consider the case that incorporates ESG preferences but excludes uncertainty. Then,
the perceived volatility of the stock return is still o);. Conforming to intuition, the demand

for stocks rises as b rises and the market is green. Essentially, stocks are more attractive to

"We thank the referee for suggesting this avenue.



a green-loving agent.

When ESG uncertainty is accounted for, however, this intuition is no longer binding. To
illustrate, consider two limiting cases. In the first, b grows with no bound. The investor
then avoids equities, i.e., lim lw

b—oo? MU
bound, the demand for stocks evaporates. Thus, both increasing brown aversion and increas-

= (. Similarly, when ESG uncertainty rises with no

ing uncertainty translate into increasing equity risk. In the presence of ESG uncertainty, a
brown-averse agent could substantially reduce stock investing, even when the market is green,
on average.

Moving beyond the two limiting cases, we further examine portfolio tilts in the presence

of ESG uncertainty. For that purpose, we rewrite the optimal portfolio as

~ 52 2

1 1 1 b o?
o M12\4 n _b,ugéM L+ Opg M prleM | opTM T MPgM | (5)
Y O T Om 7 Om

2 2
oMU OMmU

The first term on the right-hand side of equation (5) describes the benchmark case of ESG
indifference. Preferences for ESG generate the second and third terms. The term %b‘fTMM
corresponds to the second benchmark case with ESG preferences when the ESG profile is
known for certain. It suggests that as b rises, the demand for risky asset rises and portfolio
tilt intensifies. The third term purely reflects the incremental effect of ESG uncertainty.
The ratio Z‘Q’TM stands for the contribution of ESG uncertainty to the total, ex ante, market
variance. Aﬂé,gitionally, in the presence of a positive correlation between market return and
the ESG profile, the agent employs the market portfolio to hedge against risk evolving from

OMOg,MPg,M
-2

ESG uncertainty, as captured by the hedge ratio . Hence, the incremental effect

of ESG uncertainty on stock investing (captured by thﬂé’%hird term) is negative.®

In addition, when the market is green neutral (i.e., p, s = 0) and when the ESG profile
is known for certain, stock investing is unaffected relative to ESG indifference. In contrast,
when the market is green neutral and ESG uncertainty is accounted for, participation in the
equity market is discouraged, relative to both benchmark cases.

We now turn to analyzing the equilibrium implications of ESG preferences with uncer-
tainty. It is assumed that, in equilibrium, the representative agent’s wealth is fully invested
in the market portfolio. Thus, equalizing the optimal stock allocation in equation (4) to
1 yields the market premium. The market premiums for the cases of ESG indifference (7),

ESG preference with no uncertainty (N), and ESG preference with uncertainty (U) are given

8In the case where piy; +bug s is negative, the ESG uncertainty effect on stock investing goes the opposite
way. This requires the interaction of extreme brown aversion along with an extreme brown market.



[ty = YO, (6)
N 2

Hpp = YO0y — b,ug,Ma (7)

piy =08 — big s + V(O3 — ) (8)

Retaining the assumptions of a green market and a brown-averse agent, the market
premium diminishes relative to equation (6), as captured by the second term in equation
(7). This is because, as implied by Pastor, Stambaugh, and Taylor (2021a) in a multi-asset
context, an agent who extracts nonpecuniary benefits from holding green stocks is willing
to compromise on a lower risk premium relative to an ESG-indifferent agent. If the market
is green neutral, the second term disappears; hence, the equity premium is unchanged even
when ESG preferences are accounted for.

Further accounting for uncertainty in equation (8), there are two conflicting forces. On
the one hand, the agent extracts nonpecuniary benefits from holding the green market, a
force leading to diminished market premium. On the other hand, the market is perceived
to be riskier; thus, it commands a higher market premium, as formulated in the third term
of equation (8). The overall effect is inconclusive. If the market is green neutral, the equity
premium increases relative to both benchmark cases due to the increasing risk channel.

The same conflicting forces apply to the equilibrium Sharpe ratio (the slope of the capital
allocation line) when accounting for ESG uncertainty, SRY, relative to ESG indifference,
SR!. Given market return volatility, oz, it follows that SRY _ U?‘é’U _ Y9 The first term

T
SR o Yoy

is greater than one and reflects the increase in perceived equity risk. The second captures

the decrease in the market premium due to the nonpecuniary benefits from ESG investing.
In the presence of ESG preferences, the market risk premium thus incorporates an ESG

incremental premium that can be defined as

[inr — Ky = —bpgar, (9)
2

par =ty =7 (03w — ) — Dgar. (10)
The no-uncertainty case is associated with a negative ESG incremental premium when the
market is green and the agent is brown-averse, while the incremental premium is zero when
the market is green neutral. In addition, it is evident from equation (10) that the market
premium increases with ESG uncertainty. Collectively, with ESG uncertainty, the incre-
mental premium is positive when the market is green neutral. Otherwise, with a green

market and a brown-averse agent, the sign of the incremental premium is inconclusive due



to the conflicting forces.

The single-security economy establishes a solid benchmark in which to comprehend the
more complex multi-asset setup to be developed later in the text. While the cross-sectional
ESG-alpha relation is negative when ESG uncertainty is not accounted for, the single-security
case provides the first clue that (1) the risk premium increases with ESG uncertainty, and
(2) the risk premium of a green stock could exceed that of a brown stock in the presence
of ESG uncertainty. Taking together, the ESG-alpha relation in the cross section can be
subject to conflicting forces.

Up to this point, we have considered a single-agent economy for ease of exposition. In
what follows, to assess the welfare implications of ESG uncertainty in the aggregate and to
study the multi-asset economy, we extend the framework to account for multiple heterogen-
eous agents. Thus, consider I agents indexed by i = 1,..., I, who differ in their initial wealth

Wi 0, absolute risk aversion A;, and absolute brown aversion B;. Market clearing requires

that 25:1 w;r; = 1, where w; = V‘I,/[}OO is the fraction of agent ¢’s initial wealth relative to

aggregate wealth. With heterogeneous agents, the market premium equivalent to equation

(8) is given by

[y = VMO — barkg o, (11)
1 . . . lelwi')"—lbi .
where vy = —=——— is the aggregate risk aversion, by, = ==L—+— is the aggregate
i1 Wiy, Ym

—1
=2 is the perceived aggregate variance, and j,p =

brown aversion, o2 = —
P UMU 2im1 Wi, iU

M“%M is the perceived aggregate ESG score. Online Appendix A.1 provides
MYn MU
details.

The changing cost of equity capital due to ESG preferences has implications for economic
welfare and social impact. For instance, Pédstor, Stambaugh, and Taylor (2021a) show that
when the market is green, the lower cost of equity capital could trigger increasing capital
investment and social impact. In our setup, a green representative firm would be harmed by
the higher cost of equity capital induced by ESG uncertainty, which could trigger adverse
effects on capital investment and social impact. In the calibration experiment described in
Section 5.1, we comprehensively analyze the utility loss attributable to ESG uncertainty. We
also calibrate the market premium, as well as equity demand and welfare for two types of
agents: the first is indifferent to ESG, while the other is ESG perceptive and recognizes the

uncertainty about the sustainability profile.
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2.2 A Multi-Asset Economy

We move on to formulate an economy populated with I optimizing agents, N risky assets,
and a riskless asset. We aim to derive an asset pricing model for the cross section of equity
returns in the presence of ESG uncertainty, while we also extend the analysis of portfolio
selection.

We model the excess returns and ESG scores on N assets as

T = W, + €, (12)
g = Ky + €, (13)

where p, is an N-vector of expected excess returns and p, is an N-vector of expected
ESG scores. The residuals from both equations are assumed to obey a 2/N-variate normal
distribution. The N x N covariance matrices of returns and ESG ratings are denoted by 33,
and X, respectively, while 3, is the NV x N cross-covariance matrix between 7 and g with
diagonal elements that are assumed to be positive.

Similar to equation (3), the agent maximizes an exponential utility function, V' <V~Vi,1, Xl-) =
—e~AWia=BiWioXid where Wis = Wio (14 r; + X[7) is the terminal wealth and X; is the
N-vector of portfolio weights per investor 7.

Proposition 1 describes the optimal portfolio in the presence of multiple risky assets. The

proof is in Online Appendix A.2.

Proposition 1. The optimal portfolio strategy of investor i is given by

* 1 —
X, = ;Ei,é (Kr + bipg) (14)

where 3,y = X, + bfzg + 2b,3,4 is the covariance matriz of T + b;g.

This portfolio strategy is the multi-asset version of equation (4). It suggests that in
the presence of ESG preferences, investors perceive asset excess returns to be the sum of
(1) N stock excess returns 7 and (2) N returns on pseudo-assets yielding b;g. Several
implications are in order. First, infinitely brown-averse agents act as if they were infinitely
risk averse, as, in the presence of ESG uncertainty, lim X’ = 0. Second, in another extreme
case when ESG uncertainty grows with no boun(ziﬁf%)r all stocks, economic agents avoid
stocks altogether. Third, in intermediate cases, uncertainty about ESG profiles nonlinearly
intervenes in formulating the optimal portfolio, through the inverse of ¥, 7, and tends to

reduce the demand for both green and brown stocks.
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To highlight the incremental implications of ESG uncertainty for portfolio selection, we

rewrite equation (14) as

X/ = %221 (1r + bipsg) + %‘I' (1 + bipty) | (15)
where W, = =271 (2%, + 2b,%,,) =71 (Iy + (125, + 2b,%,,) £-1) ! and Iy stands for the
N x N identity matrix.

The first term of the optimal portfolio coincides with the strategy in Péstor, Stambaugh,
and Taylor (2021a) (equation (4)). The second term is exclusively attributable to ESG
preferences with uncertainty about the sustainability profile. Interestingly, in the presence
of heterogeneous agents, the ESG uncertainty term precludes fund separation because the
incremental portfolio, evolving from ESG uncertainty, is agent specific.

In particular, consider the alternative decomposition of the optimal portfolio:
RN O 2,y

: % | —— :
Vi ' 1’2;1ur+% b

r

X*

(]

(16)

where X" =13 u,, M =13 pu,, and T; = Iy + 078,12, + 25,318,

The decomposition shows that each optimizing agent holds three portfolios: (1) a riskless
asset, (2) the maximum Sharpe ratio portfolio in the risk-return space, and (3) the maximum
Sharpe ratio portfolio in the risk-ESG space. Note that ESG uncertainty affects the demand
for risky assets through the N x N matrix I';, which enters both risky asset portfolios. If all
agents have the same b;, then the matrix I'; is common to all agents and, therefore, a three-
fund separation results. Otherwise, the two risky portfolios are agent specific and, hence,

fund separation does not apply in the setup of heterogeneous agents with ESG uncertainty.

2.3 CAPM with ESG Uncertainty

The next two propositions illustrate the cross-sectional asset pricing implications of ESG
preferences, first excluding and then accounting for ESG uncertainty. The proofs are in
Online Appendix A.3 and A 4.

Proposition 2. Fxcluding ESG uncertainty, the equilibrium expected excess returns of the

risky assets are given by
tr = Briar — bar (pog — Bligar) » (17)
where jiy = Yoa — barpig e 8 the equilibrium market premium, ox = X33, Xy is the

market return variance, 3 = % is the N-vector of market beta, pigpr = X1y is the
M
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aggregate market greenness, Xy = Zfil w; X; 18 the N-vector of aggregate market positions

in risky assets, vy 1S the aggregate risk aversion, and bys is the aggregate brown aversion.

In the absence of ESG uncertainty, the expected excess return expression in equation
(17) is identical to that derived by Pastor, Stambaugh, and Taylor (2021a), with a slight
modification that the market can depart from green neutrality. Expected returns are affected
by ESG preferences through (1) the modified market premium and (2) the alpha component
that stands for excess return unexplained by Buy;. Alpha depends on the effective ESG
score, i.e., the difference between the firm’s own ESG score and the market ESG score
multiplied by the stock’s beta. A numerical example is useful to illustrate. Assume a stock
with 8 = 1.2 and g = 2. As long as the ESG score is below 2.4, the stock has a positive
alpha even when the stock is green. The threshold value 2.4 reflects zero alpha, while alpha
turns negative if the ESG score goes above the threshold. For instance, if the ESG score is
3 (2), the effective ESG score is 0.6 (—0.4), and alpha is negative (positive). Altogether, as
long as the market is not green neutral, it is not the firm’s own ESG score that dictates the
sign and magnitude of alpha. Instead, it is the effective ESG score.

In the presence of ESG preferences and certainty about the ESG profile, the beta meas-
uring exposure to total market risk, 3, coincides with the CAPM beta. This is because, as
noted earlier, the perceived return on any security is equal to the sum of (1) the actual return
and (2) the pseudo-asset return that is proportional to the ESG score, while the ESG score
is nonrandom. Thus, in the absence of ESG uncertainty, the covariance and variance terms
used to define beta are unchanged. With uncertainty, the ESG score is random; hence, the
resulting beta is no longer identical to the standard CAPM beta.

As proposed by Pastor, Stambaugh, and Taylor (2021a), in the absence of ESG uncer-
tainty, equilibrium expected returns compensate for exposure to (1) the market risk factor
and (2) an ESG-based factor. When ESG uncertainty is in play, fund separation no longer
results; thus, expected returns cannot be represented through a multifactor model. Instead,
we propose a CAPM-type representation, where expected excess returns are expressed as
the sum of two components: the first reflects the exposure to the market factor, while the
second is a nonzero alpha that stands for (1) nonpecuniary benefits from ESG investing and
(2) an additional risk premium attributable to ESG uncertainty. The following proposition
explains the equilibrium expected returns with ESG uncertainty, which is the core of our

analysis.

Proposition 3. With ESG uncertainty, the equilibrium expected excess returns of the risky

assets are formulated as

W = Bpns + (Beg — B) piar — bar (g, — Begtbgrrvr) » (18)
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where puy = Ym0y — bupg iy 08 the equilibrium market premium, B = E;‘;(M the N-
’ M

vector of the equilibrium CAPM beta, Bey = % the N-vector of effective beta, 7} =
M,U ’

Sl w2 : : . . .
W the inverse of the covariance matriz of ESG-adjusted perceived asset returns.
i=1 Wiy
M Mg

MU = BbM 1s the perceived aggregate ESG scores of individual assets, where By =

(Zle wm{lxgé)_l Zle wm{lbiE;}], and pig vy = Xy g is the perceived aggregate mar-
ket ESG score. Online Appendix A.4 displays simplified expressions for asset pricing with

ESG uncertainty assuming homogeneous agents.

The expected excess return expression in equation (18) modifies the no-uncertainty case
in equation (17) by replacing the market beta with the effective beta. Thus, it is the effective
beta that is priced in the cross section of equity returns. To give perspective on the notion
of effective beta, note that the perceived return on an arbitrary asset still consists of two
components: (1) the actual return and (2) b times the ESG score of that asset. Because ESG
scores for the market and individual assets are random, both the covariance and variance
terms, used to define beta, depart from the standard return-based counterparts. The effective
beta is based on ESG-adjusted returns. Collectively, expected excess returns on N risky
assets are formulated as the sum of three terms. The first term reflects exposure to market
risk, as in the standard CAPM. Then, the difference between the effective beta and the
market beta gives rise to the second term. The third term accounts for the uncertainty-
adjusted effective ESG scores, analogously to equation (17) but using the effective beta
instead.

To provide further intuition on the beta-pricing specification, we consider a simplified
case in which agents have homogeneous preferences (v and b are equal across agents). The

effective beta can then be represented as

2 bo? 20
o M O rg, M
IBEﬁ = 2M B+ 29 ﬁg +— : ﬁrga (19)
oMU oMU oMU

2, X 20X .
where B, = =% ;j, Brg = ﬁ, and o3, = 03, + b*0] 4+ 200,407 The effective beta
2 ,

is a weighted a;ferage of (1) the CAPM beta, 8, (2) the ESG uncertainty beta, 3,, and
(3) the ESG-return cross-covariance beta, B,,. The ESG uncertainty beta represents the
co-movement between the asset’s own ESG uncertainty and the market ESG uncertainty.
The cross-covariance beta represents the asset’s contribution to the aggregate ESG-return
cross covariance, o,4 . The weights in equation (19) reflect the relative contributions to
the perceived market return variance, i.e., the actual return, the ESG component, and the
cross-covariance component.

The asset’s effective beta coincides with its market beta if preferences for ESG are muted
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b = 0) or if the market is not subject to ESG uncertainty (o, = 0,407 = 0). To provide
9, 9:

more intuition about the dependence of the effective beta on ESG uncertainty, consider the

2

case where the covariance matrix of ESG uncertainty, 3, is diagonal with elements o7 ;

g
(j =1,...,N), while X,/ is diagonal with elements o,, ;. The effective beta of asset j can
be written as 5
_ o o5 X Ug] 2b0rg,m1 XjOrg,j
ﬁeﬁ’,j ) 6j 2 2 +— : (20)
MU oMU OgM Ovmyu  OrgM

Given positive market weights in equilibrium, X; > 0, the effective beta increases with

the asset’s own ESG uncertainty, o2 ., and with the covariance between firm’s ESG and

g 3
return, o,, ;, while it does not depend on the mean ESG score. Interestingly, as long as the

aggregate ESG uncertainty is nonzero, a positive market beta asset with certain ESG profile

(04.j = 0rg; = 0) has an effective beta equal to - M ﬁj, which is lower than the market beta
B;. This is because the asset contributes to the aggregate return-based risk, but not to the
aggregate ESG uncertainty.

We next analyze alpha variation with ESG uncertainty in the case of homogeneous agents.
Combining equations (18) and (19), we show in Online Appendix A.4 that the CAPM alpha

can be expressed as

b? 2
o= (2—M (ﬁg - 16) + QZ;-O-TQM (,87’9 /@)) (,UM + bM,ug,M) — bM (/J,g — ,3,ug7M) . (21)

Omu MU

The second term on the right-hand side of equation (21) is identical to that in equation (17)
when ESG uncertainty is excluded. The first term represents the incremental effect of ESG
uncertainty and is further analyzed below. For ease of interpretation, we assume again that
¥, and X,, are diagonal. Then, it follows that

bo? X.o? QbJT Xjo,
aj = | —5" el B 2.1 ( 2J 5;) (tear + barpignr)
UM,U Ug M M U Org,M

— b (g — Biktgnr) - (22)

Given positive market portfolio weights in equilibrium, X; > 0, the asset alpha increases
with ESG uncertainty, o- .. Likewise, alpha increases with the asset ESG-return cross cov-
ariance, o, ;. Additlonally, in the presence of aggregate ESG uncertainty, a positive market
beta asset with zero effective ESG score (g — Bipgm = 0) and with certain ESG profile
has a negative alpha, because its effective beta in equation (20) is smaller than its market
beta, as noted earlier.

We have shown that both alpha and the effective beta rise with ESG uncertainty. The
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analysis is based on the simplifying assumption of homogeneous brown-averse agents. Re-
laxing the homogeneity assumption, alpha and beta variations with ESG uncertainty appear
quite complex to analyze analytically. However, in the calibration developed in Section 5.2,
we consider heterogeneous agents in a two-asset economy (both brown and green) and show
that, even then, alpha and the effective beta do increase with ESG uncertainty. Below, we

provide further analytical results for the two-asset economy for ease of interpretation.

2.4 Demand and Expected Return in a Two-Asset Economy

In particular, to gain additional intuition about the demand for multiple risky assets and
their equilibrium expected returns, it is useful to consider a simplified economy consisting
of two risky assets (along with a riskless asset), both green and brown. In that economy,
expected excess returns are denoted by i, green for the green stock and 4, prown for the brown,
the corresponding ESG scores are j1, > 0 and —1,, the variances of the ESG scores are o ..,

and o2 and the correlation between the scores is assumed to be zero. Asset returns are

,brown>
assumged to be uncorrelated with identical variance denoted by ¢2. Finally, ESG scores are
assumed to be positively correlated with returns of the same asset, with covariances denoted
by Org green a0d Opg prown- The expressions below follow from Propositions 1 and 3. Online
Appendix A.5 provides further details.

The two-asset optimal strategy is formulated as

* _ l o, green 1 bz‘ﬂg (23)
RO ;02 4+ D202 e + 20i0 g green

i r 17 g,green 1Y rg,green

1 Hor brown — bz,ug
fk = — 2 . 24
bbrown T 02 bfoi srown + 20i0rg brown (24)

The optimal portfolio illustrates that, for ESG-sensitive agents (b; > 0), demand falls with
higher ESG uncertainty but rises with higher ESG scores. The notion is that when targeting
an ESG level, uncertainty about the precise ESG profile should be accounted for. As in
the single-asset setup, the effect of ESG uncertainty is amplified by the positive correlation
between return and the ESG score. For ESG-indifferent agents (b; = 0), the demand for
green and brown stocks is equal to the mean-variance demand when ESG preferences are
excluded.

We next formulate expected excess returns in equilibrium. We denote the fraction and
brown aversion of ESG-sensitive investors by wggs and bgsg > 0, while the corresponding
parameters of ESG-indifferent agents are w;yp = 1 — wgsg and b;jyp = 0. Assuming that

all agents have the same relative risk aversion v, expected excess returns on the green and
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brown assets are formulated as

Boreen Y03y (1 + b Teteen HE et 4 2bESGM> — Wrscbrsalty
_|_

Hr. green = 2 2 S R (25)
1+ (1 - wgse) ( BSG g;:ee" + 2bgsg =% gm”)
Borown Y021 (1 + Upgo =225 Zatroun T 2bESGM> + wrsgbrsatty
M, brown = 52 o ) (26)
1 + (1 wESG) < 2 5c g (l;'r‘awn + 2bESG rg, b'roum,)

where Bgreen and Bproun are the equilibrium CAPM betas. In the limiting case where wgsg = 0
or bgsg = 0, all agents are ESG indifferent and equilibrium expected excess returns boil
down t0 Byreenyoi; and Byownyoi,. In the opposite extreme, where wgse = 1, expected
return diminishes with the ESG score and rises with ESG uncertainty. The latter force can
magnify the required return to the extent that a green asset could, possibly, deliver higher
return than a brown asset.

Otherwise, in the intermediate case where both ESG-sensitive and ESG-indifferent agents
populate the economy, the expected return difference between the brown and the green
assets diminishes with ESG uncertainty. To see why, consider two assets with identical beta
(ﬁgreen = Birown = B) and ESG uncertainty (o g.green = Og brown = Og aNd Org green = Org brown =

0,¢). The expected return gap (also the alpha gap) is given by

2wrsabrsall
14+ (1 —wgse) <b2

(27)

Hr brown — Hr,green =

)
When all agents are ESG sensitive (wgse = 1 and bgsg > 0), the difference in expected re-
turns is independent of ESG uncertainty and equal to 2bgggfty. Put another way, controlling
for ESG uncertainty and beta, the expected return gap between the brown and the green
assets is fixed, reflecting the nonpecuniary benefits from holding green assets. The return
gap is nonexistent when either bgsg = 0 or wggg = 0, as all agents are ESG indifferent.
Otherwise, when ESG preferences are heterogeneous, the expected return gap mono-
tonically decreases with 03 and 0,,.% This suggests that ESG uncertainty could weaken the
negative ESG-performance relation, as the asset demand of ESG-sensitive agents diminishes,
which, in turn, implies lower aggregate nonpecuniary benefits from ESG investing. In the
limit, when ESG uncertainty grows with no bound, the expected return gap between green

and brown assets is approaching zero.

9The no-uncertainty case leads to Hor brown — M green = 20arptg, Where by = wgsgbrsa.-
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3 Data

3.1 Data Sources

Our sample consists of all NYSE/AMEX /Nasdaq common stocks with share codes 10 or 11;
daily and monthly stock data are obtained from the Center for Research in Security Prices
(CRSP). We collect ESG rating data from six data vendors, including Asset4 (Refinitiv),
MSCI KLD, MSCI IVA, Bloomberg, Sustainalytics, and RobecoSAM. These data providers
represent the major players in the ESG rating market, and their ratings are widely used
by practitioners as well as a growing number of academic studies (e.g., Eccles and Stroehle
(2018); Berg et al. (2020); Gibson et al. (2020)).

Quarterly and annual financial statement data come from the COMPUSTAT database.
Analyst forecast data come from the Institutional Brokers’ Estimate System (I/B/E/S). We
also acquire quarterly institutional equity holdings from the Thomson-Reuters Institutional
Holdings (13F) database.!® The full sample period ranges from 2002 to 2019. Our sample

begins in 2002, as we require ESG ratings from at least two data vendors.

3.2 Main Variables

We focus on the overall ESG rating from each data provider, i.e., “ESG Combined Score”
from Asset4, “ESG Rating” from MSCI IVA, “ESG Disclosure Score” from Bloomberg, “Sus-
tainalytics Rank” from Sustainalytics, and “RobecoSAM Total Sustainability Rank” from
RobecoSAM.!! For MSCI KLD data, we construct an aggregate ESG rating by summing all
strengths and subtracting all concerns (e.g., Lins et al. (2017); Berg et al. (2020)).

ESG rating agencies may differ in sample coverage and rating scale. In the Online Ap-
pendix, we report the number of U.S. common stocks covered by each data vendor over time.
In addition, Asset4, Bloomberg, Sustainalytics, and RobecoSAM apply a scale from 0 to 100,
MSCI IVA uses a seven-tier rating scale from the best (AAA) to the worst (CCC), and the
MSCI KLD rating ranges from —11 to +19 in our sample. Panel B further demonstrates
that requiring a common sample covered by all data vendors could significantly reduce the
sample size and shorten the sample period. Therefore, we focus on pairwise ESG rating

disagreement and then average across all rater pairs. Note that the ESG uncertainty in our

10The institutional ownership data come from money managers’ quarterly 13F filings with the U.S. Se-
curities and Exchange (SEC). The database contains the positions of all institutional investment managers
with more than $100 million U.S. dollars under discretionary management. All holdings worth more than
$200,000 U.S. dollars or 10,000 shares are reported in the database.

1 Although the Bloomberg ESG disclosure score measures the extent of disclosure of ESG-related data by
a company, it is positively associated with ESG quality due to the largely voluntary nature of ESG disclosure
requirements (Lopez-de-Silanes et al. (2020)).
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model is motivated by the fundamental difficulty and lack of consensus in measuring and
interpreting the true ESG profile. The disagreement among ESG raters is largely due to the
lack of consensus on the scope and measurement of ESG performance (Berg et al. (2020)),
and as a result, investors cannot reliably observe the firm’s true ESG profile and are exposed
to uncertainty in their sustainable investment. Hence, we employ the disagreement among
ESG raters as a proxy for uncertainty about a firm’s ESG profile and label such disagreement
ESG uncertainty to be consistent with the model terminology.

Specifically, we obtain 14 rater pairs from the six data providers.'? To achieve comparab-
ility across rating agencies, we proceed as follows. For each rater pair-year, we sort all stocks
covered by both raters according to the original rating scale of the respective data provider
and calculate the percentile rank (normalized between 0 and 1) for each stock-rater pair.
Then, for each stock, we compute the pairwise rating uncertainty as the sample standard
deviation of the ranks provided by the two raters in the pair. Specifically, let g;; 4 and g, 5
denote the ESG rank for stock j in year ¢ from raters A and B, respectively. The pairwise
rating uncertainty is calculated as WA;W.B For perspective, a company that is ranked
by two data providers at the 33 and 59" percentiles would generate a rating uncertainty
of 0.18.

Finally, we compute the firm-level ESG rating uncertainty as the average pairwise rating
uncertainty across all rater pairs. Similarly, we compute the pairwise average rank and then
average across all rater pairs to obtain the firm-level ESG rating. Notably, the pairwise
measure has the advantage of maximizing the use of available rating information while still
preserving comparability across raters, despite the difference in their sample coverage.'* In
addition, investors may not have access to all six data vendors, therefore the average pairwise
rating level and rating uncertainty provide an approximate assessment for the perceived ESG

profile and rating uncertainty among investors. As a robustness check, we also consider

12There are 14 (instead of 15) rater pairs because MSCI KLD data are only available until 2015, while
RobecoSAM data start in 2016, as shown in the Online Appendix.

13To illustrate, consider two ratings ¢g; and g¢;. The pairwise rating uncertainty is given by
(91=252)" +(92= 242)" g1 —ga|
21 ="A

l4Relative to standard economic measures that are cardinal and can be directly compared, ESG scores
are ordinal in nature. Thus, ESG scores are sensitive to the sample coverage considered by the particular
data vendor. As shown in the Online Appendix, ESG rating agencies differ in their sample coverage, the
stand-alone rank (e.g., 90*"" percentile) provided by one rater may not be directly comparable with the
corresponding figure from another rater, if, for instance, one rater covers, on average, more green firms. To
ensure comparability across all vendors covering a stock, a proper experiment for determining the stock-level
average ESG rating and rating uncertainty is to narrow down the focus to only those stocks jointly covered
by all vendors. This experiment, however, could considerably shrink the sample, which reflects the coverage
intersection of all vendors providing a rating for the stock. In contrast, the pairwise measure requires only a
minimal set of restrictions on common coverage, and, hence, allows us to explore the richness in ESG ratings
provided by each data vendor, while still preserving comparability across vendors.
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alternative proxies for ESG rating (ESGAFL) and rating uncertainty (ESG Uncertainty*t")
using all ESG ratings from all raters (instead of rater pairs), without requiring common
coverage, at a given point in time. Online Appendix provides detailed definitions for each
variable.

In the Online Appendix, we present the pairwise ESG uncertainty and correlation of ESG
ratings. The average correlation across all rater pairs is 0.48 and ranges from 0.25 to 0.71.
MSCI KLD and MSCI IVA exhibit the lowest correlation and the highest rating disagreement
with other raters, and the average correlation is 0.38 and 0.34, respectively. On the other
hand, ratings provided by Sustainalytics and RobecoSAM are more correlated with those
of other raters, and the average correlation is 0.59 and 0.56, respectively. Our findings are
largely consistent with the existing literature and echo the growing concerns related to the
lack of agreement across ESG rating agencies (e.g., Chatterji et al. (2016); Amel-Zadeh and
Serafeim (2018); Berg et al. (2020); Gibson et al. (2020)).

The Online Appendix also reports the summary statistics for the stock-level data used
in the paper. We report the mean, standard deviation, median, and quantile distribution
of the annual ESG rating and ESG rating uncertainty and other stock characteristics. The
average ESG rating is 0.46, and the ESG rating uncertainty is 0.18. In addition, to study
the demand for risky assets and the cross section of equity returns, we construct 25 equity
portfolios independently sorted on the ESG rating and rating uncertainty, and report the
average ESG rating, ESG rating uncertainty, and monthly return.

In addition, we examine the market ESG uncertainty throughout the sample period,
as well as the time trend in ESG uncertainty at the market and individual stock level.
While ESG data vendors do not provide a direct assessment for the market ESG profile, we
evaluate the value-weighted ESG score of the U.S. market by using firm-level ratings per
the different vendors. To preserve comparability across data vendors, we rely on the same
pairwise measures used at the single-stock level.!> For each stock-rater-year, we average the
percentile ranks corresponding to the specific rater across all rater pairs covering this stock.
For each rater-year, we then value-weight firms’ ESG average percentile ranks to obtain a
rater-specific market-level ESG rating. Finally, for each year, using all rater-specific market
ESG ratings, we evaluate the aggregate market-level ESG rating and rating uncertainty as
the pairwise mean and standard deviation across raters.

In Figure 1, the top graph plots the time-series of the market ESG ratings corresponding
to each data vendor, and we observe a significant dispersion across vendors. The bottom

graph shows the time-series of market ESG uncertainty, as well as equal- and value-weighted

15In unreported analysis, we confirm that the alternative measurement method described above (ESGALL
and ESG Uncertainty*L) provides similar results.
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average of stock-level ESG uncertainty. Stock-level ESG uncertainty, on average, diminishes
during the first half of the sample, as the number of raters increases and their coverage
widens. Stock-level uncertainty remains stable in the second subperiod. Focusing on the
market, as ESG ratings are correlated across firms and vendors, the evidence indicates that
the market ESG uncertainty does consistently prevail throughout the entire sample period.
This further supports our intuition that ESG uncertainty could play an important role in

asset pricing.

4 Investor Demand, Stock Return, and Alpha

4.1 Investor Demand

We start with the first testable hypothesis generated from the model, i.e., investor demand
for risky assets increases with the ESG score, consistent with Pastor, Stambaugh, and Taylor
(2021a), while it diminishes with ESG rating uncertainty, as formulated in Proposition 1 and
equations (23) and (24). We rely on institutional ownership as a proxy for the demand for
ESG investment, as Krueger et al. (2020) document that institutional investors incorporate
ESG when forming their portfolios. While retail investors could still have ESG preference, it
is highly costly to obtain and analyze the ESG information, especially when even the most
specialized raters do not agree, on average, on the firm ESG profile. Due to the complex
nature of ESG investment, retail investors often rely on financial institutions to achieve their
ESG target, thereby making institutional ownership a reasonable source to investigate the
ESG demand. For instance, Hartzmark and Sussman (2019) show that once Morningstar
published sustainability ratings for mutual funds, there was a massive shift of fund flows from
low-sustainability funds to high-sustainability ones. A recent study on Robinhood investors
also documents that retail investors do not respond to ESG disclosures (Moss et al. (2020)).

To test the model predictions based on ESG-sensitive investors, it is also critical to ac-
count for the heterogeneity among institutions, as they are subject to different social norm
pressures and apply various strategies to make socially responsible investments. For instance,
pension funds, universities, religious organizations, banks, and insurance companies are more
norm-constrained than hedge funds or mutual funds that are natural arbitrageurs (Hong and
Kacperczyk (2009)). We therefore consider three distinct groups: norm-constrained institu-
tions, hedge funds, and other institutions. Specifically, we disaggregate the 13F institutional
holdings based on institution type, including bank trust (type 1), insurance company (type
2), investment company (type 3), independent investment advisor (which includes hedge

funds, type 4), and others (including corporate/private pension funds, public pension funds,
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university and foundation endowments, and miscellaneous, type 5), following Abarbanell
et al. (2003).1 We follow Hong and Kacperczyk (2009) to consider types 1, 2, and 5 as
norm-constrained institutions. Our data on hedge fund holdings are constructed by match-
ing the 13F institutional holdings with a manually collected list of the names of hedge fund
companies.'” The remaining institutions are mostly mutual funds.*®

The analysis proceeds as follows. At the end of each year ¢, we independently sort stocks
into quintile portfolios based on their ESG rating and rating uncertainty to generate 25 (5x5)
portfolios. The low- (high-) ESG-rating and ESG-rating-uncertainty portfolios comprise
the bottom (top) quintile of stocks based on the ESG rating and ESG rating uncertainty,
respectively. For each type of institution, we compute the average institutional ownership in
each quarter in year ¢ 4+ 1 for each of the 25 portfolios, and rebalance the portfolios at the
end of year t 4+ 1. We report the time-series averages of quarterly institutional ownership for
each of the 25 portfolios and the average difference in institutional ownership between high-
and low-ESG-rating portfolios (“HML-R”) as well as between high- and low-ESG-rating-
uncertainty portfolios (“HML-U”). The standard errors in all estimations are corrected for
autocorrelation using the Newey and West (1987) method.

We tabulate the results in Table 1, with Panel A for the stock ownership from norm-
constrained institutions, Panel B for hedge funds, and Panel C for other institutions. Several
findings are worth noting in Panel A. First, as expected, norm-constrained institutions are in
favor of greener firms. For instance, they hold 17.7% of the brown stocks (i.e., stocks in the
bottom ESG rating quintile) while they hold 23.0% of the green stocks (i.e., stocks in the top
ESG rating quintile), indicating a 30% increase. Second, the ownership gap between low-
and high-ESG-rating portfolios attenuates when rating uncertainty increases. When uncer-
tainty is low, green stocks display 5.8% higher institutional ownership than brown stocks,
while the ownership gap declines to an insignificant 0.2% when rating uncertainty is high.
More importantly, this pattern is due to a decline in the demand for green firms when ESG
uncertainty is high, and the difference is statistically significant and economically mean-
ingful. For instance, among the high-ESG-rating portfolios, norm-constrained institutions
hold 22.8% of the low-uncertainty stocks while only 18.1% of the high-uncertainty stocks,
indicating a 21% decline. In line with our working hypothesis, demand for green firms from

norm-constrained institutions diminishes with ESG rating uncertainty, suggesting that rat-

16We thank Brian Bushee for making the institutional investor classification data available via his website:
https://accounting-faculty.wharton.upenn.edu/bushee/.

1"We thank Vikas Agarwal for generously sharing the data. A detailed description of the hedge fund list
is provided by Agarwal et al. (2013).

18While mutual funds and hedge funds are increasingly subject to social norm pressures as shown by the
rapid growth of ESG investment, some may still prioritize financial returns at the cost of lower ESG standard.
However, this remains an empirical question that we directly test.
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ing uncertainty matters the most for ESG-sensitive investors in their ESG investment (i.e.,
green stocks).?

Panel B reports similar statistics for hedge fund ownership. Hedge funds invest more in
brown stocks on average, e.g., they hold 15.7% of the brown stocks but hold 12.7% of the green
stocks.?? The ownership gap between low- and high-ESG rating portfolios tends to diminish
as ESG rating uncertainty rises. For high-uncertainty stocks, the ownership gap is no longer
significant. Unlike the case of norm-constrained institutions, rating uncertainty mostly affects
hedge fund holdings for brown stocks. For instance, within the lowest rating group, hedge
funds hold 15.7% of the low-uncertainty stocks but 13.0% of the high-uncertainty stocks,
indicating a 17% decline. Despite the different incentives for hedge funds to implement
sustainable investment, we continue to find that the rating uncertainty matters the most for
investors in their preferred investment universe.

As shown in Panel C, we do not find strong ESG preference among other institutions.
Conditional on the level of ESG rating, we find evidence that rating uncertainty reduces
investor demand, while the economic magnitude is much smaller than in the previously
discussed subsamples for norm-constrained institutions and hedge funds.

Overall, our findings support the model prediction that for ESG-sensitive investors, de-
mand for risky assets increases with the ESG score but diminishes with ESG rating un-
certainty. Our findings suggest that although institutional investors are likely to be more
sophisticated and have access to privileged information, the uncertainty about corporate
ESG profile remains an important barrier to their investment. This could further limit their
capacity to engage in ESG issues and improve the ESG performance of the firm (e.g., Dim-
son et al. (2015); Dyck et al. (2019); Chen et al. (2020); Krueger et al. (2020)). As more
institutions seek sustainable investing, it is likely that ESG-induced investor demand will

play an even more prominent role in the future.

4.2 Cross-Sectional Return Predictability

In line with Péstor, Stambaugh, and Taylor (2021a), our model predicts a negative rela-
tionship between the ESG rating and CAPM alpha when there is no uncertainty in ESG

ratings (Proposition 2). Negative return predictability stems from nonpecuniary benefits

19Perhaps not surprisingly, investor demand is less affected among other ESG rating groups, as such
investment may not be entirely ESG-driven; hence, the rating uncertainty plays a lesser role in asset allocation
decisions.

2ONote that hedge funds can take both long and short positions, hence the long position per se may not
fully reflect the ESG preference of hedge funds. Unreported results examine the net hedge fund ownership,
defined as the hedge fund ownership minus the short interest, where the short interest is computed as the
number of shares held short scaled by the number of shares outstanding (Jiao et al. (2016)). The net hedge
fund ownership is 10.3% for brown stocks and 9.4% for green stocks.
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from holding green stocks. However, the ESG-alpha relationship is less clear in the presence
of ESG uncertainty due to the conflicting forces of the uncertainty-adjusted stock beta and
ESG rating (Proposition 3).

We assess return predictability using a conventional portfolio sort. In particular, at the
end of each year ¢, we sort stocks into quintile portfolios based on their ESG rating uncer-
tainty. Within each rating uncertainty group, we further sort stocks into quintile portfolios
according to their ESG ratings and generate 25 (5 x 5) portfolios.? The low- (high)-ESG-
rating and ESG-rating-uncertainty portfolios comprise the bottom (top) quintile of stocks
based on the ESG rating and ESG rating uncertainty, respectively. For each of the 25 port-
folios, we compute the value-weighted return in each month in year ¢ + 1 and rebalance the
portfolios at the end of year t + 1. Within each quintile of portfolios sorted by ESG rating
uncertainty, we also implement the zero-cost trading strategy by taking long positions in the
bottom quintile of stocks (lowest ESG rating) and selling short stocks in the top quintile
(highest ESG rating). The payoff of the long-short investment strategy is computed as the
low (bottom quintile) minus high (top quintile) portfolio return (“LMH-R”), indicating the
return predictability of ESG ratings after controlling for rating uncertainty. We then report
the time-series averages of monthly returns for each of the 25 portfolios and the long-short
strategy.

In addition to raw portfolio returns, we report risk-adjusted returns from (1) the CAPM,
i.e., only adjusting for the market factor (MKT, defined as the excess return on the value-
weighted CRSP market index over the one-month Treasury bill rate); (2) the Fama-French-
Carhart 4-factor model (FFC) consisting of the market factor (MKT), the size factor (SMB,
defined as small minus big firm return premium), the book-to-market factor (HML, defined as
the high book-to-market minus the low book-to-market return premium) (Fama and French
(1993)), and Carhart (1997) the momentum factor (MOM, defined as the winner minus loser
return premium); and (3) the Fama-French 6-factor model (FF6) consisting of the market
factor (MKT), the size factor (SMB), the book-to-market factor (HML), the profitability
factor (RMW, defined as the robust minus weak return premium), the investment factor
(CMA, defined as the conservative minus aggressive return premium), and the momentum
factor (MOM) (Fama and French (2018)).?2 The standard errors in all estimations are
corrected for autocorrelation using the Newey and West (1987) method.

Table 2 reports the results, with Panel A for raw return and Panel B for CAPM-adjusted
return. In the interest of brevity, we tabulate the results of FFC-adjusted return and FF6-

21We employ a conditional sort to better control for rating uncertainty, while an independent sort yields
similar findings as shown in the Online Appendix.

22We thank Kenneth French for making the common factor returns available via his website: https:
//mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html.
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adjusted return in the Online Appendix and only discuss the main findings in this subsection.
Several findings are worth noting. First, the ESG rating is negatively associated with future
performance among stocks with low rating uncertainty, and the long-short portfolio return
is significant at 0.59% per month. Brown stocks (i.e., stocks in the bottom ESG rating
quintile) continue to outperform green stocks (i.e., stocks in the top ESG rating quintile)
after adjusting for risk exposures, i.e., the long-short portfolio yields a CAPM-adjusted
(FFC-adjusted, FF6-adjusted) return of 0.40% (0.46%, 0.50%) per month.?3

Second, the negative return predictability of ESG ratings no longer holds for the remain-
ing firms and even turns positive in some cases. For perspective, we also consider a univariate
portfolio sort based on ESG ratings and report similar statistics in the column titled “All”.
The ESG rating does not predict stock returns for the full sample, which is consistent with
the existing literature showing weak return predictability of the overall ESG rating (e.g., Ped-
ersen 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 (2020)). The
empirical evidence that ESG uncertainty can nontrivially interact with the ESG-performance
relation is also consistent with equation (27). Our results further highlight the importance
of rating uncertainty, as it not only affects investor demand but also has meaningful asset
pricing implications, i.e., the negative ESG-alpha relation only exists among stocks with low
rating uncertainty. The lack of consistency across ESG rating agencies could be a barrier
for investors who have to balance information on ESG scores and uncertainty when making
portfolio decisions.

Additionally, we consider a univariate portfolio sort based on ESG uncertainty and report
the results in the row titled “All”. Consistent with the model prediction, as shown in equation
(22), we find that when ESG uncertainty is in play at the market level, stocks with low
ESG uncertainty carry a negative and statistically significant CAPM alpha of —0.16% per
month. As shown in the Online Appendix, the result is also robust to FFC-adjusted and
FF6-adjusted returns. Furthermore, returns are increasing in ESG uncertainty, even though
the patterns are not always monotonic. For instance, the high-minus-low ESG uncertainty
portfolio (“HML-U”) shows a monthly CAPM alpha of 0.23% that is statistically significant at
the 10% level, supporting the model prediction that CAPM alpha increases with ESG rating
uncertainty. Collectively, our findings support the prediction that brown stocks outperform
green stocks only in the absence of rating uncertainty, and ESG uncertainty could tilt this

relationship via conflicting forces, as illustrated in Proposition 3.

23 As our model is derived in market equilibrium, it is based on one market factor. However, the economic
magnitude and statistical significance in FFC-adjusted and FF6-adjusted returns reinforce our conclusion
that accounting for rating uncertainty can be useful even for investors who use multiple investment factors
in their portfolio decisions.
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As a robustness check, we perform regression analysis to further control for other firm
characteristics. Specifically, we estimate the following monthly Fama and MacBeth (1973)

regression:

Perf; , = ag + 1ESGim—1 + B2 ESGi -1 X Low ESG Uncertainty, ,, 4
+ BsLow ESG Uncertainty; ,, y + By M m—1 + €im, (28)

where Perf; , refers to the excess return or CAPM-adjusted return of stock i in month m,
ESG; 1 refers to the ESG rating, and Low ESG Uncertainty; ,, , refers to a dummy vari-
able that takes a value of 1 if the ESG rating uncertainty is in the bottom quintile across
all stocks in that month and 0 otherwise. The vector M stacks all other control variables,
including the Log(Size), Log(BM), 6M Momentum, Log(Illiquidity), Gross Profitability, Cor-
porate Investment, Leverage, Log(Analyst Coverage) and Analyst Dispersion. The parameter
of interest is 35. Since the model predicts a negative ESG-performance relationship when
there is no rating uncertainty, we should see a negative value of 5. The Online Appendix
provides detailed definitions for each variable. We also report Newey and West (1987) ad-
justed t-statistics.

We tabulate the results in Table 3, with models 1 to 4 for excess return and models
5 to 8 for CAPM-adjusted return. As expected, the ESG rating does not predict stock
returns for the full sample. More importantly, the ESG rating is negatively associated with
future stock performance when rating uncertainty is low. This relation is significant across
all regression specifications after controlling for other potential sources of uncertainty about
corporate ESG profiles and disagreement on firm fundamentals, such as analyst dispersion.
Overall, we confirm the early results in the portfolio sort and provide supporting evidence

for the ESG-augmented CAPM after considering rating uncertainty.

4.3 Additional Analysis and Robustness Checks

In the presence of a rapid growth in sustainable investing during the last decade (e.g., GSIA
(2018); PRI (2020)), we next assess how our findings evolve over time. We then conduct
robustness checks using alternative proxy for ESG rating and rating uncertainty.

We divide the full sample into two subperiods: 2003-2010 and 2011-2019, and repeat
the main analysis. Table 4 has a similar layout as Table 1, where Panels A, B and C
show the results for the norm-constrained institutions, hedge funds, and other institutions,
respectively. First, we confirm that for all three types of institutions, their preference for
green assets increases over time. Norm-constrained institutions hold 12.3% of the brown
stocks (i.e., stocks in the bottom ESG rating quintile) while they hold 19.2% of the green
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stocks (i.e., stocks in the top ESG rating quintile) in the post-2011 period, indicating a 56%
increase. For perspective, they hold 14% more green stocks than brown stocks in the pre-
2011 period. While hedge funds invest more in brown stocks during both periods, they hold
33% less green stocks in the pre-2011 period and only 10% less green stocks in the post-2011
period. Interestingly, other institutions exhibit a shift in ESG preference over time, i.e., from
brown-loving to green-loving. They hold 7% less green stocks in the pre-2011 period while
12% more green stocks in the post-2011 period.

Second, for norm-constrained institutions, demand for green firms diminishes with ESG
rating uncertainty in both periods, while the effect is stronger in the pre-2011 period. Among
the green stocks, norm-constrained institutions hold 27.1% (19.0%) of the low-uncertainty
stocks while 19.5% (16.8%) of the high-uncertainty stocks in the pre-2011 (post-2011) period,
indicating a 28% (12%) decline. It is possible that the rising popularity in sustainable in-
vesting also incentivizes institutional investors to invest in ESG research and even create
internal ratings tools (e.g., Mooney (2019)), partially mitigating the negative effect of rat-
ing uncertainty. Overall, our findings confirm that even with the growing ESG awareness,
demand for green assets diminishes with ESG rating uncertainty for ESG-sensitive investors.

When there is no uncertainty in ESG ratings, our model predicts a negative relation-
ship between the ESG rating and expected CAPM alpha due to the nonpecuniary benefits
from holding green stocks. However, Péstor, Stambaugh, and Taylor (2021a,b) document
that green assets have higher realized alphas when investors’ tastes for green holdings shift
unexpectedly during the last decade. As a result, we expect our findings to be stronger in
the pre-2011 period, which provides a cleaner setting to analyze the equilibrium expected
returns of stocks.

Table 5 has a similar layout as Table 2, with Panel A for raw return and Panel B for
CAPM-adjusted return. As expected, the ESG rating is negatively associated with future
performance among stocks with low rating uncertainty in the pre-2011 period, yielding a
significant long-short portfolio return (“LMH-R”) of 1.12% (¢-stat=3.06) per month and
CAPM-adjusted return of 0.96% (t-stat=2.81) per month. Consistent with our model pre-
diction, the negative ESG-CAPM alpha relationship does not hold for the remaining firms.
A univariate portfolio sort based on ESG uncertainty further confirms that CAPM alpha
increases with ESG rating uncertainty, i.e., the high-minus-low ESG uncertainty portfolio
(“HML-U") shows a monthly CAPM alpha of 0.42% (¢-stat=2.04) in the pre-2011 period.

In contrast, we do not find a negative return predictability of ESG ratings across all ESG-
rating-uncertainty portfolios, nor a positive ESG uncertainty-CAPM alpha relationship in
the post-2011 period. Our findings in both subperiods remain unchanged for FFC-adjusted

return and FF6-adjusted return, as reported in the Online Appendix. Note that our results
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should not be interpreted as ESG rating uncertainty no longer matters in the future. Instead,
the equilibrium outcome over longer horizons could be even stronger than the full sample
evidence we document, due to the unexpected outcomes realized over the last decade.

Next, we conduct robustness checks by using alternative definition of ESG rating and
rating uncertainty. Specifically, for each rater-year, we sort all stocks covered by this rater
according to the original rating scale and calculate the percentile rank (normalized between
0 and 1) for each stock. The firm-level ESG rating is defined as the average rank across
all raters (labelled as ESGALL), and the ESG rating uncertainty is defined as the standard
deviation of the ranks provided by all raters (labelled as ESG Uncertainty**L). As noted
earlier, this method can entail some bias due to the lack of comparability across vendors.

We repeat our main analysis using the alternative proxy for ESG rating and rating
uncertainty, and present the results in the Online Appendix. First, we confirm that norm-
constrained institutions have strong preference for green assets in general, while display lower
demand for green firms when ESG uncertainty is high. For instance, among the high-ESG-
rating portfolios, norm-constrained institutions hold 23.4% of the low-uncertainty stocks
while only 15.5% of the high-uncertainty stocks, indicating a 33% decline. As a result, green
stocks no longer attract more norm-constrained institutional investors than brown stocks
when rating uncertainty is high.

Moving to cross-sectional stock returns, our findings are largely consistent with the model
prediction that the ESG rating is negatively associated with future performance among
stocks with low rating uncertainty. The long-short portfolio return (FFC-adjusted return,
FF6-adjusted return) is significant at 0.52% (0.35%, 0.35%) per month. While the CAPM-
adjusted return is not statistically significant, the magnitude is sizable at 0.31% per month.
Unreported results show that the long-short portfolio yields a return of 1.05% per month
and a CAPM-adjusted (FFC-adjusted, FF6-adjusted) return of 0.87% (0.75%, 0.73%) per
month in the pre-2011 period, all statistically significant at the 5% or 1% level. We further
confirm that ESG rating is negatively associated with CAPM-adjusted return when rating
uncertainty is low, after controlling for other firm characteristics. In short, our main results

are robust to the alternative definition of ESG rating and rating uncertainty.

5 Calibration

As final experiments, we calibrate the model to study the general equilibrium implications of
ESG rating uncertainty for the market premium, the cross section of stock returns, economic
welfare, and equity demand. Following Péstor, Stambaugh, and Taylor (2021a), we consider
ESG-indifferent (IND) and ESG-sensitive (ESG) agents. The former group does not derive
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utility from ESG externalities (i.e., byyp = 0), while the utility of the latter positively depends
on the market ESG score and negatively depends on rating uncertainty, through bgsg > 0.
Specifically, we assume that 20% of the agents have ESG preferences, while the remaining
fraction consists of ESG-indifferent agents. Hence, ESG-sensitive agents are not the vast
majority in the economy, yet they account for a substantial fraction.?*

The ESG parameters, bgsa, fign, Og.n, Pg.m, and the stock level counterparts of fig ar,
og.m, and pg s are unknown. In the data section above, we describe ways to map ESG
ratings into scores for individual securities, and the market-level ESG rating follows through
aggregation. The resulting quantities are not on the scale of equity returns and are ordinal
in nature. In particular, a higher ESG rating indicates a greener stock, while a higher
standard deviation among raters amounts to greater ESG uncertainty. Thus, stock-level and
market-level ratings, as well as measures of rating uncertainty, can comfortably be used to
assess the model implications through cross-sectional regressions and portfolio sorts. In the

calibration experiments that follow, we choose ESG parameters that conform to payoffs on

pseudo-assets, as formulated in the theory section.?® Further details are provided below.

5.1 Market Premium, Welfare, and Equity Demand

The analysis for the aggregate market is based on an economy that consists of the market
portfolio and a riskless asset (in zero net supply). The market volatility parameter employed
in the calibration is oy, = 15.19%, which is the annual estimate from monthly U.S. market
returns, spanning the period July 1963 through December 2019. Then, employing the sample
estimate for the equity premium (6.5%), we obtain v = 2.81, following equation (6). Two
remarks are in order. First, while our sample for individual stocks starts in 2002, due to
limited data for ESG ratings, the possibility to use longer return histories from the aggregate,
to sharpen estimates, builds on Péstor and Stambaugh (2002). In addition, expected market
return is endogenous in our setup, while the sample estimate is used to set the risk aversion
parameter.

We evaluate the equilibrium market premium on the basis of equation (11) for the
multiple-agent case. The market demand and the certainty equivalent return from invest-

ment differ across agent types. In particular, based on equation (4), the optimal market

. +b;
demand for agent i is xf = -HMPeM where o7, = o3, 4 bjo? 4+ 20i080g Mmpgar. In

Vi oiU
addition, as derived in Online Appendix A.6, the certainty equivalent excess return for agent

24In unreported results, we confirm that an increasing fraction of ESG-sensitive investors leads to stronger
implications of ESG uncertainty.

25In our model, the g = 0 case reflects green neutrality. Having this reference point, all the model
implications are invariant to a multiplicative scaling of ESG ratings and rating uncertainty, as long as the
brown aversion parameter is also scaled such that the pseudo return, bg, remains unchanged.
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i is given by CE; = % (“MJ:’#)Q Both the market demand and the certainty equivalent
return increase in the perceived market premium and diminish in the perceived market vari-
ance. For ESG-sensitive agents, the perceived certainty equivalent return increases with the
market ESG score, while the perceived variance rises with ESG uncertainty and the correla-
tion between the market ESG score and market return. The effect of ESG rating uncertainty
is stronger for higher values of b; and py .

To make the analysis sufficiently comprehensive, we run calibration experiments for mul-
tiple scenarios. First, we consider both green-neutral (pi, 2 = 0) and green (g = 0.01)
markets. The ESG implications of the former case are exclusively attributed to ESG uncer-
tainty. The latter case involves the two conflicting forces noted earlier, i.e., the nonpecuniary
benefits from holding the green market versus aversion to ESG uncertainty. For ESG-sensitive
agents, we consider two values for brown aversion, namely, bggq is equal to 1 or 2. When the
market is green, both cases generate ESG return of 1% and 2% per year, respectively. When
the market is green neutral, brown aversion is not mapped into the incremental expected re-
turn. We also consider two values for the correlation between ESG and market return, pg ar,
namely, 0 and 0.5. The zero-correlation is a benchmark case that reflects the lower bound
on the implications of ESG uncertainty. The positive correlation is sensible, as described in
the theory section. Finally, the market ESG uncertainty, o, s, ranges between 0 and 0.04.2

Panel A of Figure 2 describes the green-neutral market case, with solid lines representing
the case py ar = 0 and dashed lines corresponding to p, 1 = 0.5. The limiting case of bgsg = 0
represents the departure point, where all agents are indifferent to the market ESG profile.
In that case, it follows that (i) the equilibrium market premium equals the ESG-indifference
value, y03, = 6.50%, regardless of the level of ESG uncertainty, (ii) both agent types hold
the market portfolio (3¢ = xjyp = 1), and (iii) the agents perceive the same certainty
equivalent excess return (CEgge = CEvp = fy%?” = 3.25%).

When bgsg > 0, the ESG agents are sensitive to the market rating uncertainty. Then,
the perceived market variance o3, is higher than ¢3;.>" This force leads to an increasing
equilibrium market premium, and more so for higher values of bgsa, 047, and pg ar.

As a result, the two types of agents have different certainty equivalent return and demand

26Empirically, the magnitude of ESG uncertainty is comparable to the scale of differences in ESG scores.
For instance, considering the summary statistics of our dataset from the Online Appendix, the quartile
deviation of ESG ratings is 0.14. The values of ESG uncertainty are of the same order of magnitude of
differences in ESG scores: the median ESG uncertainty is 0.16, while the 90*" percentile is 0.33. Similarly,
for calibration, we consider values of ESG uncertainty that conform to ESG levels: a green (brown) asset
has a mean ESG score of 0.01 (—0.01), and ESG uncertainty is of the order of 0.01 and multiples.

27As we derive in Online Appendix A.1, the perceived aggregate market variance, 0]2\4’[], is a harmonic
weighted average of the market variances perceived by the agents, which in our example are O'JQW’ IND = O3y
and U]Q\/[,ESG = 012\4 + b%SGU;M +2bgsgonmog mpg,m- 1t follows that U?MJND < O'JQW’U < ‘712\/1,ESG-
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for the market portfolio. On the one hand, the IND agents are not sensitive to ESG un-
certainty (07yp = 03;). Thus, they benefit from the higher equilibrium market premium,
which translates into a higher certainty equivalent return and a levered position in the mar-
ket portfolio (2jy, > 1). On the other hand, the ESG agents are more sensitive to ESG
uncertainty than the aggregate market (0%g5, > 03,y). Thus, their certainty equivalent
return and their demand for the market portfolio decline with increasing values of bgsq, 04,
and pg .

We next quantitatively assess the economic cost of ESG uncertainty, as perceived by
ESG agents. The cost is represented by a diminishing certainty equivalent return relative
to o, = 0. When p, = 0 and ESG uncertainty o, 5 is set to 0.02 (0.04), the utility
loss is 0.03% (0.13%) per year for bgsg = 1 and 0.13% (0.47%) for bgse = 2. Considering
pg.m = 0.5 instead, the corresponding figures are 0.26% (0.55%) for brge = 1 and 0.55%
(1.08%) for bgsg = 2. The calibrated utility loss accounts for a nontrivial proportion of
the overall certainty equivalent excess return when compared to the benchmark case of no
uncertainty, i.e., 3.25%. Therefore, from the perspective of ESG agents, ESG uncertainty
leads to a significant utility loss.

When the market is green neutral, preferences for ESG essentially hurt welfare because
the only effect that comes into play is aversion to ESG uncertainty. Departing from a green-
neutral market, the nonpecuniary benefits from holding green stocks intervene, and more so
for higher values of brown aversion and market ESG score.

Panel B of Figure 2 describes the green-market case, with solid lines corresponding to
pg.m = 0 and dashed lines to p, s = 0.5. In the absence of ESG uncertainty (o4 = 0)
and when bgge > 0, the equilibrium market premium diminishes with bggs. This translates
into a lower certainty equivalent return and market demand for IND agents, who confront
a lower market premium but do not extract nonpecuniary benefits from holding the green
market. In contrast, FSG agents extract nonpecuniary benefits from the positive market
ESG tilt, which leads to a higher certainty equivalent return and higher market demand for
increasing values of bggq.

As the parameter o, s captures the trade-off between the two conflicting forces of ESG
preferences, we derive a break-even value of o4 when the utility loss of ESG uncertainty
entirely offsets the benefits from holding green stocks. When p, rs = 0 and bgsg is 1 (2), the
welfare benefits of a green market perceived by ESG agents vanish, due to ESG uncertainty,
for oy = 9.9% (7.2%), well above reasonable values. However, a positive correlation
between market return and ESG rating amplifies the effects of ESG uncertainty. When
pg.m = 0.5 and bgge is 1 (2), the threshold oy ps is much lower at 4.9% (4.3%).

The market premium is also subject to the two conflicting forces, i.e., the negative ESG
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premium due to the green market versus the positive contribution due to ESG uncertainty.
When p, v = 0 and bgse is 1 (2), the two forces are equal for oy = 6.0% (4.2%), while if
pg.m = 0.5 and bgsi is 1 (2), the threshold oy is at 2.1% (1.9%).

Overall, we reinforce the notion that ESG uncertainty increases the market premium,
as well as reduces the economic welfare for ESG-sensitive investors and discourages their

participation in the stock market.

5.2 Cross Section of Expected Returns, Alpha, and Effective Beta

We next calibrate the cross section of expected return, the CAPM alpha, and the effective
beta in equilibrium, all of which are formulated in Section 2.3.

To distill cross-sectional implications of ESG uncertainty, we focus on the green-neutral
market described in Section 5.1. At the stock level, we consider green and brown assets,
with mean ESG scores fig green = 0.01 and fig prown = —0.01. Thus, for the green asset,
ESG agents perceive an incremental ESG return equal to 1% per year for bpgg = 1 and 2%
per year for bgse = 2. The corresponding return figures are negative for the brown asset.
It is assumed that Bgeen = Birown = 1, and the idiosyncratic annualized return volatility
is 20% for both assets. As oy = 15.19%, the total stock return volatility is 25.12%.%
We consider a positive correlation between return and ESG score for each asset, setting
Pg.M = Prg,green = Prg,brown = 0.5. The off-diagonal elements in ¥, and X,, are assumed to
be zero.

Figure 3 illustrates how the expected excess return, the CAPM alpha, and the effective
beta vary with ESG uncertainty for green and brown assets (0 green and g prouwn). The solid
lines represent the green asset while dashed lines represent the brown asset. We consider a
market-wide ESG uncertainty, o, a7, equal to 0.01 for the left graphs and 0.02 for the right
graphs. Starting from the benchmark case of ESG indifference (bgsg = 0), the expected
excess return for both assets is equal to the market premium, 6.50%, while the alpha is zero
and the effective beta coincides with the unit market beta.

Considering ESG-sensitive agents (bgse > 0), the positive ESG score of a green asset is
associated with lower expected return and alpha in equilibrium, as in Pastor, Stambaugh,
and Taylor (2021a). The effect is stronger for larger values of bgss. In addition, expected
return rises with ESG uncertainty. Thus, in the presence of the conflicting forces of ESG

score (negative effect on alpha) and ESG uncertainty (positive effect on alpha), a green asset

28 : 2 ‘e o 2 2 2 ;
The total return variance of the green asset, 0., 1S given by 37,0001 + 054 jreens Where 0ig green 1s the

idiosyncratic volatility. For Bgreen = 1, oy = 15.19%, and 044, green. = 20%, it follows that ogreen = 25.12%.
The same applies to 02, . The covariance between returns is SyreenBprown0 3y = (15.19%)?, corresponding
to a correlation pgreen,brown = 36.59%.
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with high ESG uncertainty could have higher expected return and alpha than a brown asset
with low ESG uncertainty. For instance, when o, = 0.01, 04 green = 0.10, and bgge = 1
(bpsg = 2), the green asset displays an expected excess return of 6.78% (7.09%) and an
alpha of 0.20% (0.42%). To compare, when the ESG profile of the brown asset is known for
certain, its expected excess return is 6.70% (6.90%) and alpha is 0.11% (0.23%).

The 04 greern = 0 case merits further analysis. The zero-uncertainty asset does not contrib-
ute to the aggregate ESG uncertainty; thus, its effective beta is lower than the unit market
beta, per equation (19), and the effect is stronger when brown aversion and market-wide
ESG uncertainty are higher. For instance, when o, = 0.01, the effective beta is 0.987
(0.974) for bgse = 1 (bpsg = 2). When o, = 0.02, the effective beta is 0.974 (0.950) for
brsg = 1 (bgsg = 2). The diminished effective beta relative to the market beta induces a
negative contribution to alpha and expected return.

As demonstrated in equation (20), the effective beta does not depend on the mean ESG
score. Consequently, green and brown assets have the same effective beta for identical levels
of ESG uncertainty. The effective beta increases with ESG uncertainty and can rise above
the unit market beta, and the effect is stronger for higher values of brown aversion.

Finally, as long as the green and the brown assets have the same ESG uncertainty, the
performance difference between brown and green assets (both expected return and alpha)
diminishes with increasing ESG uncertainty. Consider, for instance, o, = 0.01. As the
ESG uncertainty increases from 0 to 0.10, the difference in expected return (ft, prown — fr green )
decreases from 0.40% to 0.23% when bgge = 1, and from 0.80% to 0.29% when bgge = 2.
Similar patterns apply to alpha. Such calibration results follow from equation (27).

The overall evidence from the calibration indicates that ESG uncertainty has meaningful
implications for expected return, alpha, and effective beta. Notably, both alpha and the
effective beta increase with ESG uncertainty. Moreover, the alpha gap between brown and

green assets diminishes with ESG uncertainty.

6 Conclusion

We comprehensively analyze the equilibrium implications of ESG rating uncertainty for port-
folio choice and asset pricing. Starting with the market portfolio as the single risky asset, we
show that rating uncertainty leads to higher perceived market risk, higher market premium,
and lower investor demand. Next, we consider multiple risky assets and heterogeneous eco-
nomic agents and derive an ESG-augmented CAPM for the cross section of stock returns. In
particular, we propose that ESG uncertainty could tilt the ESG-CAPM alpha relationship

and serve as a potential channel to explain the mixed evidence in prior studies.
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We empirically test the model implications and provide supporting evidence. First, ESG
rating uncertainty reduces investor demand for stocks, especially for ESG-sensitive investors
(i.e., norm-constrained institutions) in their ESG investment (i.e., green stocks). Second,
brown stocks outperform green stocks only when rating uncertainty is low, and the negative
return predictability of ESG ratings does not hold for the remaining firms. We then calibrate
the model to assess its quantitative implications in the presence of rating uncertainty. The
analysis reinforces the notion that ESG uncertainty could affect investors’ demand, the risk-
return trade-off, and reduce economic welfare for ESG-sensitive agents.

Our findings echo the growing concerns regarding the lack of consistency of ESG in-
formation disclosure and ratings provided by different rating agencies. In the presence of
rating uncertainty, investors are less likely to make ESG investments and actively engage
in corporate ESG issues. This could increase the cost of capital for green firms and further
limit their capacity to make socially responsible investments and generate real social impact.
As the amount of sustainable investing is expected to keep growing, the overall impact will
become even more striking. Viewed from this perspective, our results provide a conservative
assessment of rating uncertainty.

Our evidence suggests that it would be useful for policymakers to establish a clear tax-
onomy of ESG performance and unified disclosure standards for sustainability reporting. It
would be especially instructive to identify which investments are really green. Doing so could
mitigate ESG uncertainty, thus reducing the cost of equity capital for green firms, leading
to higher social impact.

Our paper also suggests avenues for future research. While existing work studying equi-
librium with ESG focuses on a single-period environment, it would be natural to extend
ESG equilibrium to multiperiod dynamic setups. Then, the market ESG can display time
variation, which would give rise to an incremental asset pricing factor. It would also be
instructive to account for investors’ learning about the ESG profile of a firm. These and

other topics in dynamic asset pricing are left for future research.
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Table 1: Institutional Ownership of Portfolios Sorted by ESG Rating and Uncertainty

At the end of year t, stocks are independently sorted into quintiles according to their ESG ratings and ESG rating uncertainty to generate
25 (5 x 5) portfolios. The low- (high)-ESG-rating and ESG-rating-uncertainty portfolios comprise the bottom (top) quintile of stocks
based on the ESG rating and ESG rating uncertainty, respectively. For each of the 25 portfolios, we compute the average institutional
ownership in each quarter in year ¢ 4+ 1 and rebalance the portfolios at the end of year t + 1. Panel A reports the time-series averages of
quarterly institutional ownership of norm-constrained institutions for each of the 25 portfolios and the average difference in institutional
ownership between high- and low-ESG-rating portfolios (“HML-R”), as well as between high- and low-ESG-rating-uncertainty portfolios
(“HML-U”). Panels B and C report similar statistics for average ownership of hedge funds and other institutions, respectively. The
Online Appendix provides detailed definitions for each variable. Newey-West adjusted t-statistics are shown in parentheses. Numbers
with 7 «“¥*2 and “***” gre significant at the 10%, 5%, and 1% levels, respectively.

Panel A: Norm-Constrained Institutions

ESG Rating ESG Uncertainty

Low 2 3 4 High HML-U t-stat All
Low 0.170 0.183 0.187 0.178 0.179 0.009 (0.80) 0.177
2 0.185 0.192 0.207 0.209 0.184 -0.001 (-0.23)  0.195
3 0.189 0.215 0.210 0.212 0.191 0.002 (0.40) 0.200
4 0.211 0.211 0.211 0.215 0.211 0.000 (0.04) 0.211
High 0.228 0.236 0.238 0.225 0.181 -0.047%%%  (-2.73)  0.230
HML-R 0.058***  (0.053***  0.050***  0.047***  0.002 0.053***
(10.21) (12.00) (8.33) (8.51) (0.08) (11.39)

Panel B: Hedge Funds

ESG Rating ESG Uncertainty

Low 2 3 4 High HML-U t-stat All
Low 0.157 0.157 0.160 0.156 0.130 -0.027%%*  (-3.70)  0.157
2 0.143 0.147 0.155 0.153 0.149 0.006 (1.31) 0.149
3 0.153 0.144 0.144 0.149 0.153 -0.000 (-0.08)  0.150
4 0.148 0.144 0.140 0.142 0.141 -0.006* (-1.96) 0.142
High 0.127 0.124 0.128 0.128 0.119 -0.008 (-1.33) 0.127
HML-R -0.031%**  _0.033%*F*  -0.032***  -0.029***  -0.011 -0.030%***
(-6.14) (-8.15) (-6.30) (-5.57) (-1.25) (-8.06)

Panel C: Other Institutions

ESG Rating ESG Uncertainty

Low 2 3 4 High HML-U t-stat All
Low 0.347 0.367 0.357 0.363 0.317 -0.030** (-2.57)  0.356
2 0.343 0.374 0.387 0.390 0.354 0.010 (1.43) 0.370
3 0.370 0.373 0.371 0.384 0.360 -0.011 (-1.66)  0.368
4 0.382 0.375 0.378 0.369 0.360 -0.022%**  (-3.25)  0.370
High 0.363 0.368 0.363 0.357 0.328 -0.035 (-1.63) 0.363
HML-R 0.016 0.001 0.006 -0.005 0.011 0.007

(1.28) (0.13) (0.59) (-0.37) (0.35) (0.71)
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Table 2: Performance of Portfolios Sorted by ESG Rating and Uncertainty

At the end of year t, stocks are first sorted into quintiles according to their ESG rating uncertainty. Within each ESG rating
uncertainty group, stocks are further sorted into quintiles according to their ESG ratings to generate 25 (5x5) portfolios. The low-
(high)-ESG-rating and ESG-rating-uncertainty portfolios comprise the bottom (top) quintile of stocks based on the ESG rating and
ESG rating uncertainty, respectively. For each of the 25 portfolios, we compute the value-weighted return in each month in year t+1 and
rebalance the portfolios at the end of year t+ 1. Panel A reports the time-series averages of monthly returns for each of the 25 portfolios,
as well as for the investment strategy of going long (short) the low- (high)-ESG-rating stocks (“LMH-R”). The column “All” reports
similar statistics for portfolios sorted by ESG ratings only. The row “All” reports returns for portfolios sorted by ESG uncertainty
only, as well as the investment strategy of going long (short) the high (low) ESG-uncertainty stocks (“HML-U”). In Panel B, portfolio
returns are further adjusted by the CAPM. The Online Appendix provides detailed definitions for each variable. Newey-West ad-
justed t-statistics are shown in parentheses. Numbers with “*7 «**7 and “***” are significant at the 10%, 5%, and 1% levels, respectively.

Panel A: Return Panel B: CAPM-Adjusted Return
ESG Rating ESG Uncertainty ESG Uncertainty
Low 2 3 4 High All Low 2 3 4 High Al
Low 1.235%¥% 1.113%%* 0.767**  0.875%* 0.760** 0.923** 0.168 0.064 -0.311*% -0.141 -0.101 -0.101
(2.95) (2.99) (1.98) (2.30) (2.32) (2.58) (0.93) (0.40) (-1.82) (-0.89) (-0.58) (-0.84)
2 1.245%%*  1.026%** 1.093*** 1.043*** 1.095%** (.963***  0.187 0.076 0.115 0.042 0.151 -0.008
(3.36) (2.84) (3.30) (2.74) (2.91) (2.85) (1.16) (0.38) (0.77)  (0.29) (0.77) (-0.07)
3 1.096%** (0.965%** 1.050*** 1.104*** 0.949%** 1.021***  0.040 -0.031 0.002 0.064 0.079 0.053
(2.69) (2.83) (2.86) (2.89) (3.15) (3.11) (0.23) (-0.20) (0.02) (0.46) (0.42) (0.64)
4 0.730**  0.695* 1.105%*%*% 1.019%** 0.990*** 1.017***  -0.192  -0.389*** 0.108 0.040 0.006 0.095
(2.09)  (1.81)  (2.90)  (2.96)  (2.68)  (3.42) (-1.24)  (-3.28)  (0.55) (0.34) (0.03) (1.32)
High 0.642%* 0.842**  0.855%** 1.184%** (.854*** (.805** -0.230* -0.063 -0.012 0.245* -0.001 -0.095
(1.97)  (2.53)  (3.06)  (3.62)  (2.81)  (2.57) (-1.95)  (-0.55)  (-0.10) (1.83) (-0.01) (-1.49)
LMH-R 0.594*** 0.271 -0.088 -0.309 -0.094 0.118 0.398*  0.128 -0.299 -0.387* -0.100 -0.006
(2.72) (1.30) (-0.39) (-1.43) (-0.42) (0.78) (1.86) (0.58) (-1.25) (-1.75) (-0.42) (-0.04)
ESG Rating ESG Uncertainty ESG Uncertainty
Low 2 3 4 High HML-U Low 2 3 4 High HML-U
All 0.753**  0.875%** (.935%** 1.083*** (0.940*** 0.187 -0.155*%* -0.090 -0.003 0.120% 0.071 0.226*
(2.31) (2.61) (3.07) (3.28) (3.29) (1.40) (-1.98)  (-1.20) (-0.04) (1.72) (0.84) (1.67)
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Table 3: ESG Rating, Uncertainty, and Stock Returns

This table presents the results of the following monthly Fama-MacBeth regressions, as well as their corresponding Newey-West adjusted
t-statistics:

Perfi’m = a0 + S1ESGi,m—1 + B2 ESG; ;m—1 X Low ESG Uncertainty; ,,, 1 + B3 Low ESG Uncertainty; ., 1 +,3£1Mi,m,1 + €i,m,

where Perf; ,, refers to the excess return (models 1 to 4) or CAPM-adjusted return (models 5 to 8) of stock i in month m, ESG; m—1
refers to the ESG rating, Low ESG Uncertainty; ,,_, refers to a dummy variable that takes a value of 1 if the ESG rating uncertainty
is in the bottom quintile across all stocks in that month and 0 otherwise. The vector M stacks all other control variables, including
the Log(Size), Log(BM), 6M Momentum, Log(Illiquidity), Gross Profitability, Corporate Investment, Leverage, Log(Analyst Coverage)
and Analyst Dispersion. The Online Appendix provides detailed definitions for each variable. Numbers with “*”, “**? and “***” are
significant at the 10%, 5%, and 1% levels, respectively.

Stock Returns Regressed on Lagged ESG Rating and Uncertainty

Excess Return CAPM-Adjusted Return

Model 1 Model 2 Model 3  Model 4 Model 5 Model 6 Model 7 Model 8

ESG 0.002 0.098 0.062 0.199 0.042 0.139 0.162 0.301
(0.01) (0.65) (0.33) (1.03) (0.23) (0.91) (0.77) (1.65)
ESG x Low ESG Uncertainty -0.163* -0.223* -0.254%*%  _0.312%*
(-1.91)  (-1.75) (-2.26)  (-2.36)
Low ESG Uncertainty 0.114* 0.109 0.125%* 0.114
(1.86) (1.38) (2.20) (1.61)
Log(Size) -0.100 -0.036 -0.101 -0.038 -0.044 0.111 -0.044 0.111
(-1.28)  (-0.27) (-1.30)  (-0.29) (-0.59)  (0.77) (-0.60)  (0.77)
Log(BM) 0.001 0.009 -0.001 0.008 -0.021 0.019 -0.024 0.017
(0.01) (0.14) (-0.01)  (0.12) (-019)  (0.18) (-0.21)  (0.17)
6M Momentum 0.336 0.188 0.335 0.194 0.275 0.105 0.276 0.111
(0.70)  (0.40) (0.69)  (0.42) (0.50)  (0.20) (0.50) (0.21)
Log(Mliquidity) 0.056 0.056 0.103** 0.103**
(1.00) (1.03) (2.17) (2.15)
Gross Profitability 0.178 0.180 0.355* 0.359*
(0.99) (1.00) (1.83) (1.85)
Corporate Investment 0.037 0.037 -0.005 -0.007
(0.49) (0.50) (-0.08) (-0.09)
Leverage -0.037 -0.037 -0.034 -0.034
(-0.78) (-0.79) (-0.73) (-0.73)
Log(Analyst Coverage) -0.019 -0.019 -0.174 -0.175
(-0.15) (-0.14) (-1.40) (-1.41)
Analyst Dispersion -0.536%** -0.539%** -0.828%** -0.831%**
(-2.67) (-2.71) (-4.37) (-4.37)
Constant 2.309%* 1.800 2.281% 1.775 0.591 -0.555 0.533 -0.614
(1.71)  (1.09) (1.70)  (1.09) (0.46)  (-0.31) (0.42) (-0.34)
Obs 283,671 254,873 283,671 254,873 272,728 245451 272,728 245451
R-squared 0.045 0.080 0.048 0.082 0.043 0.076 0.045 0.078
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Table 5: Performance of Portfolios Sorted by ESG Rating and Uncertainty: Subsample Analysis

At the end of year t, stocks are first sorted into quintiles according to their ESG rating uncertainty. Within each ESG rating uncertainty
group, stocks are further sorted into quintiles according to their ESG ratings to generate 25 (5x5) portfolios. The low- (high)-ESG-
rating and ESG-rating-uncertainty portfolios comprise the bottom (top) quintile of stocks based on the ESG rating and ESG rating
uncertainty, respectively. For each of the 25 portfolios, we compute the value-weighted return in each month in year ¢ 4+ 1 and rebalance
the portfolios at the end of year ¢t + 1. Panel A reports the time-series averages of monthly returns for each of the 25 portfolios, as well
as for the investment strategy of going long (short) the low- (high)-ESG-rating stocks (“LMH-R”). The column “All” reports similar
statistics for portfolios sorted by ESG ratings only. The row “All” reports returns for portfolios sorted by ESG uncertainty only, as well
as the investment strategy of going long (short) the high (low) ESG-uncertainty stocks (“HML-U”). We divide the full sample into two
subperiods, and report results for 2003—2010 on the left and 2011-2019 on the right. In Panel B, portfolio returns are further adjusted
by the CAPM. The Online Appendix provides detailed definitions for each variable. Newey-West adjusted t-statistics are shown in

parentheses. Numbers with “*” «¥*” and “*¥**” are significant at the 10%, 5%, and 1% levels, respectively.
Panel A: Return
2003-2010 2011-2019
ESG Rating ESG Uncertainty ESG Uncertainty
Low 2 3 4 High All Low 2 3 4 High All
Low 1.427*  0.845 0.528 0.949 0.667 0.773 1.065%** 1.351%%* (0.980** (0.809** (0.842** 1.056***
(1.86) (1.35) (0.77) (1.43) (1.23) (1.23) (2.93) (3.25) (2.52) (2.00) (2.26) (2.92)
2 1.235%  0.973 0.955*% 0.984  0.902 0.957 1.254%%* 1.073%**%  1.215%** 1.096*** 1.266*** (0.968***
(1.83)  (1.44)  (L75) (1.53) (1.34) (1.64) (3.61)  (342)  (3.19)  (2.68) (3.55)  (2.79)
3 0.944 1.014* 0.919 1.157* 0.879* 0.764 1.231%%* (0.921%*  1.166*** 1.057*** 1.011%** 1.249%**
(1.26) (1.74) (1.43) (1.74) (1.70) (1.33) (3.53) (2.55) (3.20) (2.80) (2.94) (3.83)
4 0.497 0.502 0.928 0.763  1.108* 0.976* 0.937**  0.868**  1.262%** 1.247FF* (.884*%  1.054%**
(0.86)  (0.73)  (1.29) (1.22) (1.91) (1.87) (2.52)  (2.40)  (4.15)  (4.43)  (1.92)  (3.62)
High 0.309 0.346 0.524 1.205** 0.619 0.420 0.937F%* 1.283*%** 1.150%** 1.166%** 1.062*** 1.147***
(0.52) (0.57) (1.08) (2.05) (1.18) (0.75) (3.36) (5.14) (3.98) (3.78) (3.38) (4.26)
LMH-R 1.119%** 0.499*  0.004 -0.256 0.048 0.353 0.127 0.068 -0.170 -0.357  -0.220 -0.091
(3.06) (1.78) (0.01) (-0.74) (0.12) (1.45) (0.59) (0.23) (-0.70)  (-1.22) (-0.87)  (-0.50)
ESG Rating ESG Uncertainty ESG Uncertainty
Low 2 3 4 High HML-U Low 2 3 4 High HML-U
All 0.482 0.533 0.666 1.011* 0.832* 0.350 0.994*** 1.180***  1.174%*%* 1.146%** 1.037*** 0.043
(0.81) (0.87) (1.25) (1.70) (1.71) (1.51) (3.50) (4.41) (3.97) (3.92) (3.35) (0.31)
Panel B: CAPM-Adjusted Return
2003-2010 2011-2019
ESG Rating ESG Uncertainty ESG Uncertainty
Low 2 3 4 High All Low 2 3 4 High All
Low 0.568**  0.058 -0.284 0.162  0.011 -0.006 -0.147 0.022 -0.376%  -0.433** -0.262 -0.224
(1.99) (0.27) (-0.91) (0.68) (0.04) (-0.03) (-0.67)  (0.10) (-1.95) (-2.14) (-1.17) (-1.52)
2 0.397*%*  0.172 0.236 0.222 0.175 0.218 0.023 0.086 -0.083 -0.162 0.098 -0.259%*
(2.00) (0.56) (0.98) (1.18) (0.55) (1.45) (0.09) (0.32) (-0.54)  (-0.79)  (0.43) (-2.06)
3 0.088 0.259 0.133 0.358* 0.237 0.034 0.061 -0.344*  -0.169 -0.228 -0.158 0.019
(0.32) (1.14) (0.79) (1.89) (0.81) (0.25) (0.27) (-1.89) (-1.09) (-1.14) (-0.71) (0.17)
4 -0.192 -0.348*% 0.109 -0.049 0.381* 0.243** -0.264  -0.408*** 0.178 0.204 -0.418 -0.035
(-0.86)  (-1.70) (0.26) (-0.25) (1.82) (2.34) (-1.22)  (-2.94)  (1.49) (1.27)  (-1.23) (-0.37)
High -0.391%*% -0.403** -0.159 0.461* -0.030 -0.294*** _0.070 0.310*** 0.110 0.052 -0.037 0.093*
(-2.06) (-2.29) (-0.80) (1.98) (-0.12) (-2.92) (-0.56)  (3.02) (1.02) (0.32) (-0.23)  (1.83)
LMH-R 0.959*** 0.460 -0.126 -0.299 0.041 0.289 -0.077  -0.288 -0.486*  -0.486 -0.225 -0.317%*
(2.81) (1.60) (-0.30) (-0.85) (0.10) (1.12) (-0.31)  (-1.06) (-1.88) (-1.62) (-0.81) (-1.74)
ESG Rating ESG Uncertainty ESG Uncertainty
Low 2 3 4 High HML-U Low 2 3 4 High HML-U
All -0.238%  -0.255%* -0.068 0.243* 0.181 0.419*%* -0.077 0.117* 0.048 0.027 -0.107  -0.029
(-1.87)  (-2.35) (-0.45) (1.93) (1.33) (2.04) (-0.95)  (1.74) (0.79) (0.32) (-1.07)  (-0.19)
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Figure 1: Market ESG Ratings and ESG Uncertainty, Average Stock-Level ESG Uncertainty

The top graph shows the time-series of the market ESG score obtained from each data vendor, as well as the mean ESG rating across
data vendors. The bottom graph shows the time-series of market ESG uncertainty, as well as equal- and value-weighted average of
stock-level ESG uncertainty. Section 3.2 provides details on the construction of the variables.
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Figure 2: Equilibrium Equity Premium, Certainty Equivalent Return, and Market Demand

This figure shows the equilibrium market premium (ups), the certainty equivalent excess return for ESG-sensitive (CE gse) and ESG-
indifferent (CEnp) agents, the optimal market participation (z},¢, and @}y p), and their variation with the market ESG uncertainty,
0g4,m- The relative risk aversion, vy, is 2.81, and the market volatility, ops, is 15.19%. ESG-sensitive agents represent a fraction of
wgse = 20% of the population and have a brown aversion bgsg = {0,1,2}. ESG-indifferent agents represent wyyp = 80% of the
population and have a brown aversion byyp = 0. The correlation between the market return and the ESG score, pg ar, is 0 (solid lines)
or 0.5 (dashed lines). Panel A focuses on a green-neutral market (ig s = 0), while Panel B describes a green market (ug ps = 0.01).
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Figure 3: Two-Asset Pricing Equilibrium: Expected Stock Return, Alpha, and Effective Beta

Considering the green-neutral market described in Figure 3 Panel A, for green (solid lines) and brown (dashed lines) assets, this figure
displays the equilibrium expected excess stock return, (fir,green and fir prown ), the CAPM alpha, (ogreen and auprown ), the effective beta,
(Befr,green and Beg prown), and their variation with ESG uncertainty, og,green; 0g,brown- LThe mean ESG scores of the two assets are
Hg,green = 0.01 and g prown = —0.01. The market betas of the two assets are Bgreen = Bhrown = 1, while their idiosyncratic return
volatility is equal to 0.2. The correlation between return and the same-asset ESG score is pg a1 = prg,green = Prg,brown = 0.5. The
graphs on the left describe a market-wide ESG uncertainty that is equal to o4 s = 0.01, while the right plots display results for
og,m = 0.02.
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SUSTAINABLE INVESTING
WITH ESG RATING UNCERTAINTY

Online Appendix

Doron Avramov, Si Cheng, Abraham Lioui, and Andrea Tarelli

This Online Appendix presents the proofs and derivations, as well as the supplementary

empirical results. Most of the results presented here are discussed in the paper.

Section A. Proofs and Derivations

e A.1 Equilibrium Equity Premium in Multiple-Agent One-Asset Economy (Section 2.1)

e A.2 Proof of Proposition 1: Optimal Portfolio under ESG Uncertainty (Section 2.2)

A.3 Proof of Proposition 2: Expected Returns without ESG Uncertainty (Section 2.3)

A .4 Proof of Proposition 3: Expected Returns with ESG Uncertainty (Section 2.3)
e A.5 Derivations for Two-Asset Economy (Section 2.4)

e A.6 Welfare in a One-Asset Economy (Section 5.1)
Section B. Supplementary Material
e Data Description

— Table B.1 Number of Stocks Over Time

— Table B.2 Variable Definitions
— Table B.3 Summary Statistics

e Robustness of Return Predictability: Risk-Adjusted Performance

— Table B.4: Robustness of Table 2, Full Sample
— Table B.5: Robustness of Table 5, Subsamples

e Alternative Measures of ESG Rating and Uncertainty

— Table B.6: Robustness of Table 1, Institutional Ownership
— Table B.7: Robustness of Table 2, Portfolio Performance

— Table B.8: Robustness of Table 3, Performance Regression
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A Proofs and Derivations

In all derivations that follow, the expectation operators are taken under the joint distribution

of returns and ESG ratings.

A.1 Equilibrium Equity Premium in Multiple-Agent One-Asset Economy

Based on equation (4), the optimal market demand for agent i is

T 2 )
Vi 93U

1 b
o M Ditdg (A1)

where UiU = o3, + b?ai v+ 2biorog vpg . Aggregating across agents, we impose market

clearing by setting Zfil w;xf = 1. Thus,
I

1 L1y,
Sty tbi a2

(2
- i%u o Vi Tiu

Finally, we solve for the equilibrium equity premium:

finr = Ym0y — barklg iy, (A.3)
where
1
™= = (A.4)
>ic1 wi%
ZZ-I: wi%'_l
0_]2\47[] - T 1 1 1 (A5)
2im WYy 52—
I -1
1 Wiy b
by = 232;1—7_17 (A.6)
D im1 Wi
i Wi
Hg MU = ——5—[lg,M- (A.7)
'7]\{0']2»[’[]

A.2 Proof of Proposition 1: Optimal Portfolio under ESG Uncertainty

The expected utility of agent ¢ can be written as

E [V <VT/Z 1 Xz)] =F [—e‘AiW@l_BiWi,OX{ﬁ]

E |:_€—AiWi$0(1+rf+X£r~)—BiWi’0X£§:|
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— _e it g |:€*’YiX1{(7~'+bi£~l):| ’ (A.S)
where v; = A;W, o and b; = %. Note that
T+ big ~ N(/J'r + bi.u’gn 2i,U) ) (A'9)

where ¥,y = 3, + bfzg + 2b%,,. Then, the expected utility in (A.8) can be developed
analytically
E [V (WZ 1 Xz)] — _6_'71'(1+7"f)G_Vixz{(ﬂr'i‘biﬂ'g)+%X2{2i,UXi. (A.lO)

The investor chooses the optimal portfolio weights by maximizing the expression

2
The first-order condition is
0= = (kr + biptg) + 7750 X (A.12)

The optimal portfolio that solves the above equation is then

* 1 —
X7 = Sk (uy + busy) (A.13)

7

Then, we express the inverse of the covariance matrix of the return bundle as

E;[l] = (ET + bfzg + 2biz}rg)_l = 2;1 + ‘I’i, (A14)

-1

U, =%, -3 " =3 (08, +2b,%,) I, (Iy + (i, +2b;%,,) X, ) (A.15)
The optimal strategy can finally be written as
* 1 —1 1
X7 =3 (1 + bipg) + ;‘I’z (Br + biprg) - (A.16)



A.3 Proof of Proposition 2: Expected Returns without ESG Uncertainty

As the riskless asset is in zero net supply, the market portfolio consists exclusively of risky

assets and is given by

I

Xy = Z Wj;OOX* sz - (pr + bipsy) (A.17)

has to be determined in equilibrium. Then, it follows that

W.
where w; = W];’OO

2, X 1 b
O = (Z wi—> e + (Z wr) 1o, (A.18)
OM ; Vi . Yi

which entails that

>, X
e = =50y — bk, (A.19)
o
I -1 -1 S wiy, b
where vy = (Zizl w;; ) and by = ﬁ The expected excess return of the
i=1 Wi
market portfolio is
par = Xitte = Y0y — b Xy by, (A.20)
which yields
g + by Xty = Y03y, (A.21)

and, finally, combining (A.19) and (A.21) leads to

I, ¢ >, X
e = =M s+ b e X g — Darkty. (A.22)
O JM

Recalling that 8 = % is the N-vector of market betas, the result follows.
M

A.4 Proof of Proposition 3: Expected Returns with ESG Uncertainty

Market clearing implies that, as the riskless asset is in zero net supply, the market portfolio

consists exclusively of risky assets and is given by

I I
Xy = ZwiXi* = sz% U,ur + Zwl b 3o Up,g, (A.23)

i=1 i=1 v i=1



where p, has to be determined in equilibrium. We introduce the following notation:

I
= wi (A.24)
i=1
I 11
i Wi 2
Sty = 222—1[ % S (A.25)
i=1 w'L’Yz
I
By =y Zmu Y wiy biEi (A.26)
i=1
We then have . .
XM = "y_ME]T/Il’UuT + ,_Y_ME]T/[%UBMN_(]? (A27)
and hence s x ) .
;2 M2, = WETZM{UMT + V—METEEUBMNQ, (A.28)
M

where E;@ is the vector of equilibrium market betas, 3. Therefore, solving for the vector
M

of expected excess returns p,:

> X
e = WMEM,UEFU—QMU%J — Bui,. (A.29)
M

In addition, we aggregate to obtain the market expected excess return riy:

The vector of expected excess asset returns is then given by

Yo X

_ Yy uXu
X' Sao X

Hr X', S ar 0 Xor

From (A.30) and (A.31), we can therefore write that the equilibrium market and stock

expected excess returns are

Har = WMU?W,U — bavpbg, vy (A.32)
My = /Beﬁ’,UM - bM (“%U - /Beﬁ’,ug,M7U) ) (A33)
where
I
=Y wig (A.34)
i=1
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25:1 wi%_l bz

by = mt (A.35)
Zle wiy;
I —1y1—-1
— Wiy 2
Ehy = 21_1[ i (A.36)
Dot Wi
1 -1
By = (Z Wiy 12&) 3w 0 E (A.37)
i=1 i=1
orr = XuZuo X, (A.38)
fgaro = X Bou, (A.39)
1
Hov = Bk, (A.40)
Yo Xu
f = XS X A4l
Ber X2 Xy ( )

Under the hypothesis that agents are homogeneous in preferences (v; = v and b; = b, Vi),

several simplifications are possible, leading to

by = b, (A.43)
Suup =, + 0’8, + 203, (A.44)
oo = XS X +0% X0, 5, Xy +2b X0, 5,0 X, (A.46)

N - J/ N ~~
U%/[ U;,]M Org,M
pgmu = X b, (A.A47)
HgUu = Mg, (A48)
>, + 028, 4 20%,,) X 2 Vo2 20,
/Beﬁ == ( 2 + B g2+ g) M - 02M ,B + Qg’M/Bg =+ - 02 g7M/87"ga (A49)
oy + %0, 1+ 2000 M oMU oMU oMU

2, X 2,0 X . .
where 8 = 22X By = =%, and B,, = === The difference B,y — 3 is therefore
oM Og,M Org,M

bo? 2bo,
B —B=—22(8, - B) + 2 (B, - B). (A.50)
MU MU

Recalling equation (18), the N-vector of alpha can be expressed as

o=, — Buy = (ﬂeﬁ - ,6) (,UM + bMHg,M) — by (V’g - B,ug,M)



b20'37M QbUTg,M
= 5 (ﬁg - ,@) + 2 (/87“9 - B) (:“M + bM,ug,M) — by (Nfg - ﬁﬂg,M) . (A'51)

oMU MU

A.5 Derivations for Two-Asset Economy

In the two-risky-asset case, we consider that ESG rating uncertainty is in play and use
equation (14) to derive the optimal portfolio. Denoting by Iy the 2 x 2 identity matrix, we

assume that

2
g 0 Org,green 0

2, =02, B, =| o D > . (A52)

2
0 Ug,brown 0 Org,brown

In this case, we have

Sp=3 408, + 2635,

2 2 2

Oy + bz Ug,green + 2biarg,green 0

= , (A.53)
2 2 2
0 Oy + bz Ug,broum + 2bi0-7’g,brown
and then
: 0
-1 _ UZ+b?a§,gmen+2biaTg,gTeen
Zp = |7 1 . (A.54)
o’z+b12O’;brou)n+2bio'rg,broum

We also assume that a green firm has a mean ESG score p, > 0, while the brown firm has a

mean score —t,. We can then write the optimal portfolio strategy as

* 1 ,ur,g’reen + bz,ug

o1 A.55)
i,green 2 ’ ( ’
g Yi 0-3 + bz o-g,green + 2bi0_7’9797"€€"
% . i ,ur,brown - bz:ug (A 56)
i,brown 2 2 ’ ’
i 0-7? + bz Ug,brown + Qbio-rgvbmw”
Notice that, for oy green; 0g,rown > 0 and Org green, Org,brown = 0,
| 1 +b
lim X7 ., = lim —— QMTZ’Q reen T %illg =0, (A.57)
bi—oc0 b;—oory; 07 + b, 0g.green + Qbiarg,green
. 1 brown — bi
lim X0, = lim ———bobroun — 2l = 0. (A.58)
bi—oo 7 bi—o0y; O + bz O'Q’bmwn + Zbiarg,brown

We now attempt to determine the equilibrium expected excess returns of the two risky

assets. We consider that there are two categories of agents, ESG and IND, whose fractions
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of total wealth are wgse and wyyp. The first category has a brown aversion bggg, while
binp = 0. The relative risk aversion is v for all agents. Recalling (A.29), the equilibrium

excess returns are g, = Yy Xy o, Bor, — By, where:

I T 0
b2 08 .
1+(1—wgsqg) ( ESGU%*WCC" + QbESG"gg,grem)
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Consequently, the two assets have expected excess returns
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Bgreen’}/UM <1 + bESG—gng + 2bgsc gagz ) - wESGbESG,Ug
+

,ur,green == > . : (A62)
1 (1 ESG) ( ESG gog;ee7L + 2bESG g, ];een)
Biroun 1734 (1 + bESG Tatrgen > + 2bpse M) + wesebesalty
Hr, brown = — . . (A63)
1+ (1 —wsse) ( Bsa i + QbESG—Tg(’,b;W">

Equation (27) is obtained taking the difference between (A.63) and (A.62) for Syreen = Borown,

2 _ 2

— 42 — —
Ug,green - Ug,brown - Uga and Org,green = Org,brown = Org-

A.6 Welfare in a One-Asset Economy

In the single-asset setup, the expected utility for optimizing agent ¢ is given by
BV (Wi, a})| = —F |e- Wi BWeosion] (A.64)

Considering the optimal market demand in (A.1) in the presence of ESG uncertainty, the

value function can be evaluated as

5 [V (ﬁﬁl,xf)] _ _e—w(“”‘f)—%‘ {JW(MMTISTSQ’M) } (A.65)



Following Back (2010), the term in square brackets represents the investor’s certainty equi-

valent excess rate of return CF;.

B Supplementary Material

1See equations 2.17 and 2.18 on page 39.



Table B.1: Number of Stocks Over Time

Panel A reports the number of stocks covered by each data vendor on a year-by-year basis. Panel B reports the number of stocks
simultaneously covered by N data vendors on a year-by-year basis, where N ranges between 1 and 5.

Panel A: Number of Stocks Covered By Each Data Vendor

Year Asset4 MSCI KLD MSCIIVA Bloomberg Sustainalytics RobecoSAM

2002 398 1,055 0 0 0 0
2003 400 2,805 0 0 0 0
2004 535 2,851 0 0 0 0
2005 600 2,687 0 125 0 0
2006 606 2,655 528 209 0 0
2007 620 2,566 609 709 0 0
2008 789 2,580 600 984 0 0
2009 892 2,598 599 1,065 0 0
2010 915 2,630 551 1,957 0 0
2011 912 2,472 537 2,077 0 0
2012 895 2,418 2,253 2,149 0 0
2013 890 2,125 2,388 2,242 0 0
2014 885 2,098 2,328 2,380 413 0
2015 1,436 2,124 2,282 2,514 441 0
2016 2,083 0 2,255 2,530 460 419
2017 2,218 0 2,139 2,658 452 616
2018 2,178 0 2,104 2,794 473 818
Panel B: Number of Stocks Covered By Multiple Data Vendors

Year N=1 N=2 N=3 N=4 N=5 N>2
2002 677 388 0 0 0 388
2003 2409 398 0 0 0 398
2004 2324 531 0 0 0 531
2005 2199 518 59 0 0 577
2006 2069 241 349 100 0 690
2007 1756 380 264 299 0 943
2008 1579 505 320 351 0 1,176
2009 1601 487 373 365 0 1,225
2010 1240 1,093 385 368 0 1,846
2011 1136 1,109 392 367 0 1,868
2012 631 702 1,060 625 0 2,387
2013 741 591 1,038 652 0 2,281
2014 781 586 1,030 289 381 2,286
2015 851 341 811 669 431 2,252
2016 797 645 1,119 87 391 2,242
2017 781 512 1,140 162 442 2,256
2018 817 425 1,042 336 446 2,249




Table B.2: Variable Definitions

Variables

Definitions

Panel A: ESG Rating Measures

ESG

We collect ESG rating data from six data vendors: Asset4 (Refinitiv), MSCI KLD, MSCI IVA, Bloomberg,
Sustainalytics, and RobecoSAM. For each rater pair-year, we sort all stocks covered by both raters according
to the original rating scale of the respective data provider and calculate the percentile rank (normalized
between 0 and 1) for each stock-rater pair. Then for each stock, we compute the pairwise average rating
as the average rank across the two raters in the pair. Finally, we compute the firm-level ESG rating as the
average pairwise rank across all rater pairs.

ESG Uncertainty

For each rater pair-year, we sort all stocks covered by both raters according to the original rating scale of
the respective data provider and calculate the percentile rank (normalized between 0 and 1) for each stock-
rater pair. Then, for each stock, we compute the pairwise rating uncertainty as the standard deviation of
the ranks provided by the two raters in the pair. Finally, we compute the firm-level ESG rating uncertainty
as the average pairwise rating uncertainty across all rater pairs.

ESGALL

For each rater-year, we sort all stocks covered by this rater according to the original rating scale and
calculate the percentile rank (normalized between 0 and 1) for each stock. We compute the firm-level ESG
rating as the average rank across all raters.

ESG Uncertainty4Ll

For each rater-year, we sort all stocks covered by this rater according to the original rating scale and
calculate the percentile rank (normalized between 0 and 1) for each stock. We compute the firm-level ESG
rating uncertainty as the standard deviation of the ranks provided by all raters.

Panel B: Other Stock Characteristics

Excess Return

Stock return minus the one-month Treasury bill rate in a given month.

CAPM-Adjusted Return

Stock excess return minus the product of a stock’s beta and excess return on the market in a given month.
The excess return on the market is computed as the CRSP value-weighted index return minus the one-
month Treasury bill rate. The beta of the stock is estimated in a five-year rolling window.

10

The institutional ownership in a given quarter ¢, computed as follows: 10; 4 = Ef SHR; f,q4/SHROUT; 4,
where SHR; 5 4 refers to the number of shares of stock 7 held by institution f in quarter ¢, and SHROUT; 4
refers to the shares outstanding at the same time. For each stock, we separately compute the ownership
of three types of institutions: norm-constrained institutions, hedge funds, and other institutions. Specific-
ally, we disaggregate the 13F institutional holdings based on institution type, namely, bank trust (type
1), insurance company (type 2), investment company (type 3), independent investment advisor (which in-
cludes hedge funds, type 4), and others (including corporate/private pension funds, public pension funds,
university and foundation endowments, and miscellaneous, type 5), following Abarbanell et al. (2003). We
consider types 1, 2, and 5 as norm-constrained institutions (Hong and Kacperczyk (2009)) and manually
collect a list of names of hedge fund companies (Agarwal et al. (2013)). The remaining institutions are
classified as other institutions, i.e., types 3 and 4, excluding hedge funds.

Log(Size)

The logarithm of stock market capitalization, computed as the number of common shares outstanding
times the share price as reported in CRSP.

Log(BM)

The logarithm of the book-to-market ratio of a stock, where the book-to-market ratio is computed as the
book value of equity divided by market capitalization at fiscal year-end, following Fama and French (2015).

6M Momentum

Formation period return for six-month momentum in a given month m, computed as the cumulative return
from month m — 6 to month m — 1, following Jegadeesh and Titman (1993).

Log(Illiquidity)

The logarithm of stock illiquidity. Stock illiquidity in a given month m is computed as follows: ILLIQ; ,,, =
(ZdEm !Ri,d,m| /VOLDiyd’m) /Di m x 106, where R; 4, refers to the return of stock i in day d of month
m, VOLD; g ,, refers to the dollar trading volume at the same time, and D; ,, is the number of trading
days for stock ¢ in month m, following Amihud (2002).

Gross Profitability

Gross profitability in a given year ¢, computed as follows: GP;; = (REVT;; — COGS;;)/ASSET; 4,
where REV'T; ; refers to the total revenue (COMPUSTAT annual item REVT) of stock ¢ in year t, COGS; +
refers to the cost of goods sold (item COGS), and ASSET}; ; is the total assets (item AT), following Novy-
Marx (2013).

Corporate Investment

Corporate investment in a given quarter ¢, computed as follows: Cl;q = PPE;,
(PPE; q-1+ PPE; g2 + PPE; 4_3) /3, where PPE; 4 refers to the ratio of change in net property, plant,
and equipment (COMPUSTAT quarterly item PPENTQ) divided by sales (item SALEQ) of stock 4 in
quarter g. If SALEQ is 0 or negative, then replace SALEQ with 0.01, following Titman et al. (2004).

Leverage

Total liabilities (COMPUSTAT annual item LT) divided by market capitalization at fiscal year-end, fol-
lowing Bhandari (1988).

Log(Analyst Coverage)

The logarithm of the number of analysts following the firm as reported in I/B/E/S in each quarter.

Analyst Dispersion

The standard deviation of analysts’ earnings (earnings per share, EPS) forecasts divided by the absolute
value of the median earnings forecast as reported in I/B/E/S in each quarter.
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Table B.3: Summary Statistics

We collect ESG rating data from six data vendors: Asset4 (Refinitiv), MSCI KLD, MSCI IVA, Bloomberg, Sustainalytics, and Robe-
coSAM. Panel A reports the average ESG rating uncertainty for each rater pair. For each rater pair-year, we sort all stocks covered by
both raters according to the original rating scale of the respective data provider and calculate the percentile rank (normalized between
0 and 1) for each stock-rater pair. Then, for each stock, we compute the pairwise rating uncertainty as the standard deviation of the
ranks provided by the two raters in the pair. Finally, we compute the average ESG rating uncertainty across all stocks for each rater
pair-year and average them over time. In Panel B, we compute the correlation in the percentile ranks for each rater pair-year and
then average them over time. Panel C presents the summary statistics for the stock-level data used in the paper. We report the mean,
standard deviation, median, and quantile distribution of the annual ESG rating and ESG rating uncertainty, monthly stock performance,
quarterly institutional ownership, and other annual and monthly stock characteristics. Panel D presents the summary statistics for the
portfolio-level data used in the paper. At the end of year ¢, stocks are independently sorted into quintiles according to their ESG ratings
and ESG rating uncertainty to generate 25 (5 x 5) portfolios. For each of the 25 portfolios, we compute the value-weighted ESG rating
and ESG rating uncertainty in year ¢t + 1, and the value-weighted return in each month in year ¢t + 1. We rebalance the portfolios at the
end of year t + 1. We report the time-series averages of annual ESG rating and ESG rating uncertainty, and monthly return for each of
the 25 portfolios. Our sample period ranges from 2002 to 2019. Table B.2 provides detailed definitions for each variable.

Panel A: Pairwise ESG Rating Uncertainty

Asset4 MSCI KLD MSCIIVA Bloomberg Sustainalytics RobecoSAM
Asset4 - 0.185 0.185 0.134 0.144 0.149
MSCI KLD 0.185 - 0.180 0.183 0.151 -
MSCI IVA 0.185 0.180 - 0.195 0.171 0.181
Bloomberg 0.134 0.183 0.195 - 0.133 0.138
Sustainalytics 0.144 0.151 0.171 0.133 - 0.119
RobecoSAM 0.149 - 0.181 0.138 0.119 -

Panel B: Pairwise ESG Rating Correlation

Asset4 MSCI KLD MSCIIVA Bloomberg Sustainalytics RobecoSAM
Asset4 - 0.321 0.326 0.639 0.595 0.547
MSCI KLD 0.321 - 0.349 0.310 0.547 -
MSCI IVA 0.326 0.349 - 0.253 0.411 0.353
Bloomberg 0.639 0.310 0.253 - 0.677 0.645
Sustainalytics 0.595 0.547 0.411 0.677 - 0.707
RobecoSAM 0.547 - 0.353 0.645 0.707 -

Panel C: Quantile Distribution of Stock Characteristics

Mean Std.Dev. Quantile Distribution
10% 25% Median 75% 90%
ESG 0.461 0.202 0.219 0.310 0.437 0.595 0.753
ESG Uncertainty 0.180 0.112 0.051 0.097 0.162 0.246 0.330
ESGALL 0.490 0.206 0.239 0.337 0.472 0.630 0.788
ESG Uncertainty“Ll 0.207 0.124 0.051 0.110 0.195 0.291 0.373
Return 1.049 11.171 -11.257 -4.627 1.005 6.443 12.964
Excess Return 0.980 11.174 -11.330 -4.698 0.936 6.373 12.897
CAPM-Adjusted Return -0.195 9.796 -10.840 -5.028 -0.231 4.410 10.128
Norm-Constrained 10 0.182 0.097 0.051 0.117 0.189 0.243 0.295
Hedge Fund 10 0.173 0.110 0.047 0.101 0.159 0.227 0.310
Other 10 0.381 0.168 0.132 0.289 0.401 0.494 0.577
Log(Size) 14.726 1.608 12.703 13.575 14.669 15.792 16.890
Log(BM) -0.772 0.808 -1.819 -1.243 -0.688 -0.213 0.149
6M Momentum 0.054 0.264 -0.235 -0.085 0.045 0.175 0.333
Log(Iliquidity) -7.119 2.079 -9.698 -8.647 -7.278 -5.736 -4.303
Gross Profitability 0.313 0.303 0.037 0.109 0.273 0.460 0.696
Corporate Investment 0.159 7.035 -0.077 -0.018 0.000 0.018 0.092
Leverage 1.596 3.222 0.090 0.227 0.546 1.378 4.558
Log(Analyst Coverage) 2.175 0.815 1.099 1.609 2.303 2.773 3.135
Analyst Dispersion 0.121 0.365 0.007 0.014 0.030 0.079 0.224
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Table B.3 (continued)

Panel D: Portfolio Characteristics Sorted by ESG Rating and Uncertainty

ESG Rating ESG Uncertainty

Low 2 3 4 High

Panel D1: ESG Rating

Low 0.252 0.259 0.277 0.287 0.305
2 0.368 0.386 0.384 0.390 0.373
3 0.474 0.479 0.467 0.487 0.483
4 0.575 0.589 0.600 0.603 0.597
High 0.848 0.811 0.753 0.732 0.702

Panel D2: ESG Uncertainty

Low 0.135 0.146 0.179 0.215 0.275
2 0.159 0.152 0.172 0.207 0.317
3 0.131 0.156 0.179 0.207 0.293
4 0.139 0.136 0.172 0.208 0.295
High 0.093 0.114 0.160 0.193 0.260

Panel D3: Return

Low 1.117 1.149 0.733 1.003 0.916
2 1.353 1.133 0.976 1.061 0.831
3 1.009 0.855 0.951 1.101 1.050
4 0.857 0.856 1.169 1.147 0.916
High 0.664 0.784 0.840 1.158 1.026




Table B.4: Risk-Adjusted Performance of Portfolios Sorted by ESG Rating and Uncertainty

At the end of year t, stocks are first sorted into quintiles according to their ESG rating uncertainty. Within each ESG rating uncertainty
group, stocks are further sorted into quintiles according to their ESG ratings to generate 25 (5x5) portfolios. The low- (high)-ESG-
rating and ESG-rating-uncertainty portfolios comprise the bottom (top) quintile of stocks based on the ESG rating and ESG rating
uncertainty, respectively. For each of the 25 portfolios, we compute the value-weighted return in each month in year ¢t + 1 and rebalance
the portfolios at the end of year ¢ + 1. Panel A reports the time-series averages of monthly Fama-French-Carhart 4-factor-adjusted
returns (FFC) for each of the 25 portfolios, as well as for the investment strategy of going long (short) the low- (high)-ESG-rating stocks
(“LMH-R”). The column “All” reports similar statistics for portfolios sorted by ESG ratings only. The row “All” reports returns for
portfolios sorted by ESG uncertainty only, as well as the investment strategy of going long (short) the high (low) ESG-uncertainty stocks
(“HML-U”). In Panel B, portfolio returns are adjusted by the Fama-French 6-factor model (FF6). Table B.2 provides detailed definitions
for each variable. Newey-West adjusted t-statistics are shown in parentheses. Numbers with “¥” “¥*? and “¥**” gre significant at the
10%, 5%, and 1% levels, respectively.

Panel A: FFC-Adjusted Return Panel B: FF6-Adjusted Return
ESG Rating ESG Uncertainty ESG Uncertainty

Low 2 3 4 High Al Low 2 3 4 High Al
Low 0.214 0.054 -0.329% -0.115 -0.113 -0.091 0.251 0.091 -0.327*% -0.155  -0.030 -0.092

(1.28) (0.37) (-1.91) (-0.76) (-0.64) (-0.76) (1.49) (0.65) (-1.88) (-1.02) (-0.15) (-0.78)
2 0.209 0.099 0.095 0.062 0.140 -0.005 0.189 0.193 0.019 0.055 0.131  -0.001

(1.37) (0.49) (0.69) (0.44) (0.70) (-0.04) (1.15) (1.03) (0.13) (0.37) (0.65) (-0.01)
3 0.111 0.006 0.018 0.090 0.048 0.051 0.113 0.031 0.043 0.171 -0.009 0.052

(0.65)  (0.05) (0.16) (0.65) (0.26) (0.63)  (0.69)  (0.22) (0.36) (1.24)  (-0.05) (0.61)
4 -0.215 -0.344%*%*% 0.172 0.093 0.042 0.124%* -0.179 -0.301%** 0.145 0.094 0.119 0.117

(-1.41)  (-2.94) (0.92) (0.77) (0.20) (1.71) (-1.24) (-2.62) (0.77)  (0.77) (0.58) (1.60)
High -0.246** -0.041 0.012 0.304** -0.012 -0.090 -0.250*%* -0.017 -0.049 0.297** -0.084 -0.094*

(-2.13)  (-0.39) (0.10) (2.25) (-0.09) (-1.61) (-2.13)  (-0.16) (-0.39) (2.04) (-0.65) (-1.71)
LMH-R 0.459**  0.095 -0.341  -0.419* -0.101 -0.002 0.501** 0.109 -0.277  -0.452** 0.054 0.003

(2.30) (0.49) (-1.42) (-1.96) (-0.42) (-0.01) (2.36) (0.61) (-1.14) (-2.02) (0.22) (0.02)
ESG Rating ESG Uncertainty ESG Uncertainty

Low 2 3 4 High HML-U Low 2 3 4 High HML-U
All -0.162*%* -0.064 0.013  0.163** 0.056 0.218 -0.154*%* -0.027 -0.045 0.157%% 0.035 0.189

(-2.15)  (-0.89)  (0.17) (2.44) (0.66) (1.65) (-2.02) (-0.38)  (-0.58) (2.38)  (0.41) (1.42)




Table B.5: Risk-Adjusted Performance of Portfolios Sorted by ESG Rating and Uncertainty:
Subsample Analysis

At the end of year t, stocks are first sorted into quintiles according to their ESG rating uncertainty. Within each ESG rating uncertainty
group, stocks are further sorted into quintiles according to their ESG ratings to generate 25 (5x5) portfolios. The low- (high)-ESG-
rating and ESG-rating-uncertainty portfolios comprise the bottom (top) quintile of stocks based on the ESG rating and ESG rating
uncertainty, respectively. For each of the 25 portfolios, we compute the value-weighted return in each month in year ¢t + 1 and rebalance
the portfolios at the end of year ¢ + 1. Panel A reports the time-series averages of monthly Fama-French-Carhart 4-factor-adjusted
returns (FFC) for each of the 25 portfolios, as well as for the investment strategy of going long (short) the low- (high)-ESG-rating
stocks (“LMH-R”). The column “All” reports similar statistics for portfolios sorted by ESG ratings only. The row “All” reports returns
for portfolios sorted by ESG uncertainty only, as well as the investment strategy of going long (short) the high (low) ESG-uncertainty
stocks (“HML-U”). We divide the full sample into two subperiods, and report results for 2003-2010 on the left and 2011-2019 on the
right. In Panel B, portfolio returns are adjusted by the Fama-French 6-factor model (FF6). Table B.2 provides detailed definitions for

each variable. Newey-West adjusted t-statistics are shown in parentheses. Numbers with “*” “¥*7 and “***” are significant at the 10%,
5%, and 1% levels, respectively.
Panel A: FFC-Adjusted Return
2003-2010 2011-2019
ESG Rating ESG Uncertainty ESG Uncertainty
Low 2 3 4 High All Low 2 3 4 High All
Low 0.459* -0.020 -0.256 0.101 0.018  -0.035 0.124 0.132 -0.198 -0.210 -0.203 -0.026
(1.69) (-0.10) (-0.86) (0.40) (0.07) (-0.19) (0.67) (0.75) (-1.03) (-1.15) (-0.76) (-0.22)
2 0.327  0.148 0.213  0.141 0.288  0.221 0.138  0.335 0.059 0.046 0.245 -0.118
(1.51)  (0.50) (0.87) (0.70) (0.86) (1.53) (0.77)  (1.26) (0.41) (0.24) (1.17) (-1.04)
3 -0.054 0.131 0.111  0.265 0.341 0.046 0.358*% -0.214 -0.050 -0.150 -0.075 0.061
(-0.22) (0.62) (0.61) (1.28) (1.06) (0.32) (1.68) (-1.23)  (-0.47) (-0.79) (-0.35) (0.73)
4 -0.122  -0.254  0.164 -0.071 0.402* 0.269*** -0.220 -0.243* 0.171 0.264 -0.281 0.034
(-0.54) (-1.27) (0.44) (-0.37) (1.86) (2.84) (-1.02) (-1.89) (1.60) (1.58) (-0.80) (0.33)
High -0.366*% -0.397** -0.081 0.488** 0.071  -0.229**  -0.094 0.259*** 0.051 -0.010 0.057 0.056
(-1.83) (-2.56) (-0.47) (2.54) (0.26) (-2.47) (-0.74) (2.96)  (0.49) (-0.06) (0.40) (1.35)
LMH-R 0.825** 0.377 -0.175 -0.387 -0.052 0.194 0.218 -0.127 -0.249 -0.200 -0.260 -0.082
(2.41) (1.38) (-0.49) (-1.22) (-0.12) (0.77) (1.02) (-0.63)  (-1.02) (-0.78) (-0.81) (-0.62)
ESG Rating ESG Uncertainty ESG Uncertainty
Low 2 3 4 High HML-U Low 2 3 4 High HML-U
All -0.220% -0.238** -0.021 0.219*% 0.294** 0.513*** -0.066 0.155** 0.038 0.029 -0.013 0.053
(-1.71)  (-2.61) (-0.15) (1.90) (2.60) (2.69) (-0.79) (2.40) (0.63) (0.36) (-0.14) (0.33)
Panel B: FF6-Adjusted Return
20032010 2011-2019
ESG Rating ESG Uncertainty ESG Uncertainty
Low 2 3 4 High  All Low 2 3 4 High Al
Low 0.480 -0.114 -0.301 0.030 0.100 -0.109 0.163  0.232 -0.165 -0.223 -0.126 0.013
(1.63)  (-0.62) (-1.02) (0.12) (0.34) (-0.62) (0.92) (1.45)  (-0.87) (-1.17) (-0.45) (0.12)
2 0.205  0.304 -0.086 0.128  0.203  0.161 0.155 0.374 0.125 0.056 0.267 -0.075
(0.90) (1.07) (-0.37) (0.65) (0.59) (1.12) (0.80) (1.49) (0.86) (0.28) (1.23) (-0.65)
3 -0.078 0.085 0.057 0.320 0.254  -0.019 0.325 -0.170 0.005 -0.061 -0.094 0.090
(-0.29) (0.38)  (0.30) (1.41) (0.77) (-0.13) (1.65) (-0.97)  (0.05) (-0.34) (-0.47) (1.02)
4 -0.108 -0.160  -0.079 -0.056 0.469** 0.251***  -0.189 -0.251** 0.197* 0.224 -0.194 0.030
(-0.44) (-0.85) (-0.21) (-0.28) (2.14) (2.96) (-0.97) (-1.98)  (1.91) (1.34) (-0.61) (0.28)
High -0.291  -0.340** -0.160 0.503** -0.061 -0.210**  -0.136 0.239** -0.011 -0.035 0.060 0.030
(-1.39) (-2.05) (-0.87) (2.34) (-0.24) (-2.18) (-1.08) (2.57) (-0.11) (-0.23) (0.43) (0.73)
LMH-R 0.770*  0.227 -0.141 -0.473 0.160 0.101 0.299 -0.006 -0.153 -0.187 -0.186 -0.018
(1.98) (0.91) (-0.39) (-1.43) (0.38) (0.41) (1.41) (-0.03)  (-0.66) (-0.70) (-0.56) (-0.14)
ESG Rating ESG Uncertainty ESG Uncertainty
Low 2 3 4 High HML-U Low 2 3 4 High HML-U
All -0.165 -0.178*% -0.162 0.223** 0.233* 0.398* -0.086 0.154** 0.014 0.012 0.013 0.099
(-1.22) (-1.81) (-1.32) (2.01) (1.91) (1.99) (-1.03) (2.30) (0.22) (0.16) (0.14) (0.65)
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Table B.6: Institutional Ownership of Portfolios Sorted by ESG Rating and Uncertainty Based on
Alternative Definition

At the end of year t, stocks are independently sorted into quintiles according to their ESG ratings (i.e., ESGALL) and ESG rating
uncertainty (i.e., ESG Uncertainty®'’) to generate 25 (5 x 5) portfolios. The low- (high)-ESG-rating and ESG-rating-uncertainty
portfolios comprise the bottom (top) quintile of stocks based on the ESG rating and ESG rating uncertainty, respectively. For each of
the 25 portfolios, we compute the average institutional ownership in each quarter in year ¢ + 1 and rebalance the portfolios at the end
of year t + 1. Panel A reports the time-series averages of quarterly institutional ownership of norm-constrained institutions for each of
the 25 portfolios and the average difference in institutional ownership between high- and low-ESG-rating portfolios (“HML-R”), as well
as between high- and low-ESG-rating-uncertainty portfolios (“‘HML-U”). Panels B and C report similar statistics for average ownership
of hedge funds and other institutions, respectively. Table B.2 provides detailed definitions for each variable. Newey-West adjusted

t-statistics are shown in parentheses. Numbers with “¥7 “¥*” and “¥**” are significant at the 10%, 5%, and 1% levels, respectively.

Panel A: Norm-Constrained Institutions
ESG Rating®  ESG UncertaintyFL

Low 2 3 4 High HML-U t-stat All
Low 0.166 0.180 0.180 0.184 0.149 -0.016 (-0.64) 0.176
2 0.183 0.189 0.193 0.209 0.192 0.008* (1.68) 0.192
3 0.194 0.203 0.206 0.206 0.198 0.004 (0.64) 0.201
4 0.181 0.208 0.210 0.219 0.218 0.038%** (4.20) 0.212
High 0.234 0.234 0.230 0.232 0.155 -0.078%**  (-2.74)  0.232
HML-R 0.068***  0.054*** 0.049***  0.048***  0.006 0.056%***

(11.99) (10.74) (8.53) (8.94) (0.28) (11.95)
Panel B: Hedge Funds
ESG Rating®l  ESG Uncertainty ALl

Low 2 3 4 High HML-U t-stat All
Low 0.157 0.156 0.160 0.162 0.127 -0.029** (-2.51) 0.158
2 0.138 0.149 0.153 0.152 0.148 0.010%* (2.29) 0.148
3 0.157 0.144 0.147 0.145 0.154 -0.003 (-0.45)  0.150
4 0.135 0.143 0.141 0.140 0.139 0.004 (0.45) 0.141
High 0.127 0.125 0.129 0.125 0.102 -0.025%**  (-3.83) 0.127
HML-R -0.030%**  -0.031*%**  -0.031***  -0.038***  -0.025%*** -0.032%**

(-5.54) (-8.78) (-6.35) (-6.27) (-3.24) (-8.09)
Panel C: Other Institutions
ESG Rating®M  ESG UncertaintyEL

Low 2 3 4 High HML-U t-stat All
Low 0.345 0.360 0.359 0.362 0.287 -0.057 (-1.42) 0.355
2 0.345 0.379 0.375 0.388 0.365 0.021%** (2.03) 0.370
3 0.372 0.360 0.376 0.377 0.361 -0.011 (-1.46) 0.367
4 0.339 0.375 0.371 0.374 0.368 0.029 (1.41) 0.371
High 0.370 0.361 0.367 0.356 0.278 -0.091***  (-2.71)  0.365
HML-R 0.025* 0.001 0.008 -0.006 -0.009 0.009

(1.95) (0.07) (0.91) (-0.56) (-0.31) (0.97)




Table B.7: Performance of Portfolios Sorted by ESG Rating and Uncertainty Based on Alternative
Definition

At the end of year ¢, stocks are first sorted into quintiles according to their ESG rating uncertainty (i.e., ESG UncertamtyALL). Within
each ESG rating uncertainty group, stocks are further sorted into quintiles according to their ESG ratings (i.e., ESGALL) to generate 25
(5x5) portfolios. The low- (high)-ESG-rating and ESG-rating-uncertainty portfolios comprise the bottom (top) quintile of stocks based
on the ESG rating and ESG rating uncertainty, respectively. For each of the 25 portfolios, we compute the value-weighted return in each
month in year ¢t + 1 and rebalance the portfolios at the end of year ¢ + 1. Panel A reports the time-series averages of monthly returns
for each of the 25 portfolios, as well as for the investment strategy of going long (short) the low- (high)-ESG-rating stocks (“LMH-R”).
The column “All” reports similar statistics for portfolios sorted by ESG ratings only. The row “All” reports returns for portfolios sorted
by ESG uncertainty only, as well as the investment strategy of going long (short) the high (low) ESG-uncertainty stocks (“HML-U"). In
Panel B portfolio returns are further adjusted by the CAPM, in Panel C by the Fama-French-Carhart 4-factor model (FFC), in Panel
D by the Fama-French 6-factor model (FF6). Table B.2 provides detailed definitions for each variable. Newey-West adjusted t-statistics
are shown in parentheses. Numbers with “*7 “¥*? and “¥**” are significant at the 10%, 5%, and 1% levels, respectively.

Panel A: Return Panel B: CAPM-Adjusted Return
ESG Rating®l ESG UncertaintyALL ESG Uncertainty L&
Low 2 3 4 High All Low 2 3 4 High All
Low 1.219%¥*% (0.997*** 1.178%** (0.848** 0.731*  0.995%** 0.134 -0.027 0.155 -0.142 -0.276  -0.049
(3.03) (2.84) (3.29) (2.16) (1.94) (2.70) (0.81) (-0.16) (0.76) (-0.77) (-1.34) (-0.37)
2 1.079%** 1.026%** 1.164%** 0.993*** 0.794** 0.846**  0.045 0.006 0.193 -0.009 -0.163 -0.147
(2.89) (2.69) (3.37) (2.68) (2.01) (2.46) (0.33) (0.03) (1.17) (-0.06) (-0.87) (-1.32)
3 1.009%** 1.028%** 1.168%** 1.165%** 1.090*** 1.019*** 0.007 0.005 0.144 0.197 0.216 0.079
(2.63) (2.83) (3.17) (3.51) (3.34) (3.12) (0.05) (0.03) (0.91) (1.62) (1.35) (0.93)
4 1.055%** (0.543 1.183%** (.893**  1.001*** 1.045%** 0.115 -0.429*** 0.197 -0.082 0.050 0.118*
(3.13) (1.54) (3.19) (2.56) (2.91) (3.48) (0.80) (-3.07) (1.12) (-0.68) (0.31) (1.77)
High 0.697**% 0.774**  0.872*%** 1.146*** 1.030*** 0.816*** -0.177 -0.125 -0.050 0.198 0.203 -0.085
(2.08) (2.41) (2.83) (3.56) (3.62) (2.63) (-1.44) (-1.10) (-0.44) (1.48) (1.57) (-1.45)
LMH-R 0.522** 0.223 0.306 -0.298  -0.299  0.179 0.311 0.098 0.204 -0.340 -0.480** 0.037
(2.32) (1.08) (1.34) (-1.23)  (-1.29) (1.12) (1.40) (0.42) (0.82) (-1.27) (-1.99) (0.21)
ESG Rating® ESG UncertaintyAl4 ESG UncertaintyAL4
Low 2 3 4 High HML-U Low 2 3 4 High HML-U
All 0.830** 0.789**  1.035*** 1.001*** 0.954*** (0.124 -0.072 -0.150*  0.071 0.049 0.079 0.150
(2.51) (2.46) (3.28) (3.18) (3.24) (0.90) (-0.83) (-1.94) (0.93) (0.75) (0.92) (1.04)
Panel C: FFC-Adjusted Return Panel D: FF6-Adjusted Return
ESG Rating®M ESG UncertaintyAL& ESG UncertaintyAL&
Low 2 3 4 High All Low 2 3 4 High All
Low 0.154 -0.007 0.165 -0.154  -0.288  -0.037 0.175 -0.007 0.179 -0.211 -0.333  -0.040
(1.00) (-0.05) (0.87) (-0.82) (-1.38) (-0.29) (1.14) (-0.05) (0.95) (-1.14) (-1.59) (-0.33)
2 0.075 0.030 0.162 0.024 -0.152  -0.143 0.123 0.103 0.203 -0.010 -0.106 -0.132
(0.54) (0.15) (1.03) (0.16) (-0.78)  (-1.25) (0.92) (0.57) (1.22) (-0.07) (-0.53) (-1.12)
3 0.032 0.038 0.130 0.221*  0.189 0.083 0.046 0.073 0.124  0.254** 0.190 0.057
(0.24) (0.23) (0.86) (1.93) (1.21) (1.02) (0.32) (0.44) (0.83) (2.15) (1.21) (0.64)
4 0.136 -0.411%%* 0.261 -0.038  0.087 0.140**  0.106 -0.371** 0.255 -0.060 0.127 0.155%*
(0.98) (-2.84) (1.48) (-0.31)  (0.53) (2.06) (0.73) (-2.49) (1.42) (-0.46) (0.75) (2.26)
High -0.200*  -0.087 -0.033  0.260*  0.172 -0.080 -0.180 -0.064 -0.085 0.209 0.119 -0.086*
(-1.76)  (-0.81) (-0.29) (1.91) (1.30) (-1.55) (-1.58) (-0.60) (-0.74) (1.38) (0.96) (-1.66)
LMH-R 0.354*  0.080 0.198 -0.414  -0.460* 0.043 0.354* 0.057 0.264 -0.420 -0.452** 0.046
(1.75) (0.40) (0.88) (-1.50)  (-1.89) (0.27) (1.74) (0.28) (1.20) (-1.44) (-1.99) (0.30)
ESG Rating®M ESG UncertaintyAl4 ESG UncertaintyAT&
Low 2 3 4 High HML-U Low 2 3 4 High HML-U
All -0.080  -0.125*%  0.089 0.083 0.065 0.145 -0.062 -0.100 0.052 0.026  0.046 0.108

(-0.98) (-1.72)  (1.14)  (1.28)  (0.76)  (1.04)  (-0.75) (-1.41)  (0.68) (0.39) (0.52)  (0.75)




Table B.8: ESG Rating, Uncertainty, and Stock Returns: Alternative Definition for ESG Rating
and Uncertainty

This table presents the results of the following monthly Fama-MacBeth regressions, as well as their corresponding Newey-West adjusted
t-statistics:

Perf; p, = a0 + B1ESG; m—1 + B2ESG; m—1 X Low ESG Uncertainty; ,,, 1 + B3Low ESG Uncertainty; ,, 1 + By Mim_1+ €im,

where Perf; ,, refers to the excess return (models 1 to 4) or CAPM-adjusted return (models 5 to 8) of stock i in month m, ESGj m—1
refers to the ESG rating measured by ESGALL Low ESG Uncertainty, ,,,_; refers to a dummy variable that takes a value of 1 if the
ESG rating uncertainty measured by ESG UncertaintyALL is in the bottom quintile across all stocks in that month and O otherwise.
The vector M stacks all other control variables, including the Log(Size), Log(BM), 6M Momentum, Log(Illiquidity), Gross Profitability,
Corporate Investment, Leverage, Log(Analyst Coverage) and Analyst Dispersion. Table B.2 provides detailed definitions for each
variable. Numbers with ¥ “**” and “**” are significant at the 10%, 5%, and 1% levels, respectively.

Stock Returns Regressed on Lagged ESG Rating and Uncertainty

Excess Return CAPM-Adjusted Return

Model 1  Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

ESGALL 0.002 0.110 0.003 0.137 0.048 0.161 0.110 0.247
(0.02) (0.81) (0.02) (0.80) (0.29) (1.14) (0.59) (1.48)
ESGALL x Low ESG UncertaintyALL -0.071 -0.138 -0.221%  -0.275%*
(-0.60) (-0.95) (-1.74) (-2.23)
Low ESG UncertaintyLL 0.117 0.128 0.175 0.174%*
(1.38) (1.22) (1.62) (1.67)
Log(Size) -0.100 -0.038 -0.101 -0.036 -0.045 0.109 -0.043 0.111
(-1.31)  (-0.28) (-1.29)  (-0.27) (-0.59)  (0.73) (-0.56)  (0.74)
Log(BM) 0.000 0.009 -0.001 0.010 -0.022 0.019 -0.024 0.018
(0.01) (0.19) (-0.01) (0.21) (-0.20) (0.18) (-0.22) (0.18)
6M Momentum 0.334 0.188 0.328 0.188 0.274 0.106 0.272 0.108
(0.79) (0.43) (0.77) (0.43) (0.59) (0.23) (0.58) (0.23)
Log(Illiquidity) 0.056 0.058 0.103** 0.103%*
(1.04) (1.08) (2.20) (2.21)
Gross Profitability 0.179 0.189 0.355%* 0.363*
(1.05) (1.13) (1.90) (1.94)
Corporate Investment 0.036 0.034 -0.007 -0.010
(0.65) (0.61) (-0.12) (-0.16)
Leverage -0.037 -0.036 -0.035 -0.034
(-0.80) (-0.80) (-0.76) (-0.76)
Log(Analyst Coverage) -0.020 -0.023 -0.174 -0.178
(-0.16) (-0.19) (-1.45) (-1.49)
Analyst Dispersion -0.536%** -0.545%** -0.828*** -0.834%**
(-2.74) (-2.75) (-4.32) (-4.24)
Constant 2.308%* 1.812 2.299%* 1.788 0.596 -0.535 0.530 -0.597
(1.79) (1.10) (1.72) (1.07) (0.45) (-0.28) (0.39) (-0.30)
Obs 283,671 254,873 283,671 254,873 272,728 245,451 272,728 245,451
R-squared 0.046 0.080 0.048 0.082 0.043 0.076 0.045 0.078
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