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Abstract

How to incentivize a manager to create value and be socially responsible? A manager can
predict how his decisions will affect measures of social performance, and will therefore game
an incentive system that relies on these measures. Still, we show that the compensation
contract is based on measures of social performance when the level of social investments
preferred by the board exceeds the one that maximizes the stock price. In this case, because
of gaming, social investments are distorted and the sensitivity of pay to social performance
is reduced. Relying on multiple measures based on different methodologies will generally
mitigate inefficiencies due to gaming, i.e. harmonization of social performance measurement

can backfire.
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There has recently been a marked increase in the propensity of firms to use social and en-
vironmental measures of performance in executive compensation (Homroy, Mavruk, and Nguyen
(2023)). In particular, some executive compensation contracts rely on ESG scores and ratings
(Cohen et al. (2023)) which are “third-party assessment[s| of corporations’ ESG performance”
(Berg, Kélbel, and Rigobon (2022)). A large majority of investors supports the inclusion of such
performance metrics in incentives plans. Some institutional investors even focus their engagement
on the inclusion of these metrics [l

Yet, prominent scholars have argued that metrics of social and environmental performance
should not be used for incentive purposes (Edmans (2021), Bebchuk and Tallarita (2022)) ] They
make two main points that cannot be easily dismissed, even in well-governed firms, and which are
not captured by standard models of multitasking. First, they argue that executives will tend to
“hit the target but miss the point”, i.e. they will improve a measure of social or environmental
performance even when they are aware that it does not improve actual social or environmental
outcomes. We will refer to this behavior as “gaming”. Second, they argue that there is disagree-
ment about the measurement of social and environmental performance, as documented in Berg,
Kolbel, and Rigobon (2022). Not only is measurement imperfect, but there is no consensus on
measurement.

Are explicit incentives based on measures of Social and Environmental Performance (SEP)
truly a puzzle or can they be justified even if they lead managers to game the incentive system
and performance measurement is heterogeneous? To answer this question, this paper analyzes a
principal-agent model of multitasking that takes into account these factors.

A socially responsible board wants to encourage the manager to improve not just financial
performance but also SEP. The manager can exert effort to improve firm value and also invest
resources to improve some dimensions of the firm’s SEP at a cost. SEP is not directly observed,

but it is imperfectly measured along several dimensions. We assume that, given his practical

!The 2021 Global Benchmark Policy Survey from ISS Governance finds that 86% of investors “believe [that]
incorporating non-financial Environmental, Social, and/or Governance-related metrics into executive compensation
programs is an appropriate way to incentivize executives.” For examples, see the ESG Engagement Campaign from
Alliance Bernstein (April 2021), BlackRock’s report “Our 2021 Stewardship Expectations: Global Principles and
Market-level Voting Guidelines”, and “ESG Performance Metrics in Executive Pay”| on the Harvard Law School
Forum on Corporate Governance (Jan 15 2024) for a recent summary of these practices.

2Even before the advent of ESG-based compensation, Shleifer and Vishny (1997) warned about the opportunities
for self-dealing associated with incentive pay, and Tirole (2006) conjectured that the stakeholder society would be
“best promoted through ...a fixed wage rather than performance-based incentives.”


https://corpgov.law.harvard.edu/2024/01/15/esg-performance-metrics-in-executive-pay/

experience running the firm and his understanding of SEP measures, the manager can anticipate
how his decisions will affect its SEP measures. This is conceptually similar to the assumption
in Edmans and Gabaix (2011) that the manager observes the noise in the performance measure
before choosing his effort. Thus, a manager with SEP-based incentives will tend to invest more
(less) in dimensions of SEP that are easy (hard) to improve, even if this leads to minimal (major)
social and environmental impact. We refer to the discrepancy between the measured impact and
the actual impact of some investments as the performance measure’s “bias”. For example, reaching
the same level of carbon intensity can imply a substantial environmental impact for some firms
but not for others. Since the manager knows the bias at the time of making investment decisions,
SEP-based incentives will lead him to game the incentive system.

The manager’s effort and investment decisions will affect the firm’s stock price. Since some
investors are socially responsible, we allow for a positive sensitivity of the stock price to the firm’s
estimated social output (with a slope which can be microfounded as investors’ preference for social
output). Signals of SEP are therefore already incorporated in the stock price. If the board prefers
the level of social investments that maximizes the stock price, then the compensation contract
only relies on the stock priceﬂ Otherwise, there are two cases.

First, if the level of social investment that the board prefers is lower than the one that maximizes
the stock price, then the manager’s compensation should be positively related to the stock price
and to the firm’s profits. Intuitively, the level of social investments that maximizes the stock price
exceeds the level of social investments that the board prefers, and profits-based compensation
discourages such costly investment. In this case, the board can still induce the first-best level of
investment — as defined as the hypothetical outcome in the absence of an agency problem.

Second, if the level of social investment that the board prefers exceeds the one that maximizes
the stock price, then the manager’s compensation should be positively related to the stock price
and to SEP measures. These measures are used to supplement incentives for social investments
already embedded in stock price-based compensation. To mitigate inefficiencies due to gaming,

the sensitivity of compensation to SEP measures is decreasing in the variance of their biasﬁ For

3Tn our model, the value of additional performance metrics is not due to risk sharing or rent extraction since the
manager is risk neutral and can be kept at his reservation level of utility.

4The low quality of these measures is not a problem per se. In Appendix we study a setting in which the
manager does not know the measures’ biases at the time of making investment decisions. We find that the first-best
outcome can then always be obtained. Moreover, in this case, the sensitivity of compensation to SEP measures



these two reasons, the sensitivity of managerial compensation to SEP measures may be quite low.
This is consistent with the empirical evidence that executive compensation is still “overwhelmingly
based on shareholder value” in spite of the rise in SEP-based compensation (Rajan, Ramella, and
Zingales (2023)).

The stock price is useful for incentive purposes because it efficiently aggregates all available
information — although the weights assigned to SEP output and profits may not correspond to the
board’s preferences. By contrast, explicit incentives based on SEP measures are only based on the
signal provided by these contractible measures. As a result, in the aforementioned second case,
the board cannot offer a contract that induces the first-best level of social investments Pl Because
of less efficient incentive provision, the average level of social investment is then lower than at the
first-best, in contrast to the first case discussed aboveﬁ This asymmetric effect is due to gaming; it
would not exist under the standard assumption that performance is imperfectly measured ex-post
(see Appendix [B]).

Next, we analyze the outcome when the board and stock market investors don’t weigh all SEP
measures equally. For example, the board might care more about the firm’s carbon emissions but
less about working conditions than stock market investors. In this case, the manager’s contract
can be more complex than in the baseline model. Indeed, it can simultaneously include stock price-
based compensation, profits-based compensation to discourage excessive investments in working
conditions (from the board’s perspective), and compensation contingent on the firm’s carbon in-
tensity to encourage related investments (carbon capture, green technologies, etc.) above the level
that would maximize the stock price. This will be the case when the board cares slightly more
about carbon emissions than investors. By contrast, a board that cares much more about carbon
emissions will be very concerned with providing efficient investment incentives on this dimension,
even at the cost of not sufficiently discouraging excessive investment on other dimensions. Thus, it

will not use profits-based compensation, even though its negative effect on carbon emissions could

does not depend on their quality, and it is higher than in the baseline model that features “gaming”.

5The crucial assumption for this result is that these investments are non-contractible. The result is robust in the
sense that it would still hold under more general contracts as long as these investments are not fully contractible.
The important point is that the stock price aggregates information in a way that cannot be replicated by a contract.
This is consistent with the notion that the stock price provides incremental information that is useful for contracting
(Holmstrom and Tirole (1993)).

SDepending on the (random) bias in a SEP measure, the realized level of social investment can be higher or
lower than the first-best level.



in principle be offset by increasing the sensitivity of pay to measures of carbon intensity. The
reason is that a high sensitivity of pay to carbon intensity would substantially encourage gaming
and inefficient investment decisions on this dimension, which is especially concerning for a board
that cares a lot about carbon emissions. This emphasizes that gaming has nontrivial implications
for the combination of performance measures in a compensation contract.

Finally, the model allows us to analyze the outcome with multiple sets of SEP measures,
for example multiple ESG scores provided by multiple ESG raters. Consider two sets of SEP
measures with a different quality (as measured by the variance of their “bias”) and whose bias
can be correlated. Even though the availability of an additional set of SEP measures can reduce
investment distortions due to gaming, it can alternatively worsen them if the quality of additional
SEP measures is sufficiently low. This is in contrast to models of contracting in which the value of
a new performance measure is always nonnegative (e.g. Holmstrém (1979)). Intuitively, the stock
price incorporates additional SEP measures to the extent that they are informative, regardless
of the potentially detrimental incentive effects. Since they affect the stock price, which is useful
for incentive provision, these measures cannot simply be “ignored” by the board. Next, when
the biases in ESG scores are independent and identically distributed, we show that increasing the
number of scores on a dimension of SEP always reduces investment distortions due to gaming
on this dimension, and that the distortionary effect of SEP measures vanishes in the limit as the
number of scores becomes very large. Intuitively, if scores are constructed differently, it is harder
for a manager to game multiple scoring methodologies than to game a single methodology.

These results have normative implications for the heterogeneity of ESG scores and ratings,
which is often criticized on the basis that it reflects disagreement between ESG raters. Most
notably, our agency model highlights a beneficial aspect of the low correlation between ESG ratings
documented by Chatterji et al. (2016), Berg, Kolbel, and Rigobon (2022), and Christensen,
Serafeim, and Sikochi (2022). Indeed, while the bias of ESG scores is detrimental in the model,
a low correlation between biases across ESG scores is beneficial. This has implications for the
ongoing debate on the regulation and harmonization of ESG ratings, and more generally for the

measurement of corporate social and environmental performance]]

"See: Regulatory Solutions: A Global Crackdown on ESG Greenwash, Harvard Law School Forum on Corporate
Governance, June 23 2022; EU watchdog says ESG rating firms need rules to stop ‘greenwashing’, Reuters February
12 2020, where Steven Maijoor, chair of the European Securities and Markets Authority (ESMA) is quoted as saying
that “ESG rating agencies should be regulated and supervised appropriately by public sector authorities.”


https://corpgov.law.harvard.edu/2022/06/23/regulatory-solutions-a-global-crackdown-on-esg-greenwash/
https://www.reuters.com/article/us-eu-climate-regulator/eu-watchdog-says-esg-rating-firms-need-rules-to-stop-greenwashing-idINKBN2062H6

Related literature

The multitasking literature analyzes incentive provision when there are more tasks than per-
formance measures, as well as the importance of maintaining balanced incentives across tasks.
Our model differs from existing multitasking models because we let the manager be privately in-
formed about the effect of his actions on several performance measures. Indeed, we assume that
the manager observes the “noise” before taking his action: he can predict the future realizations
of performance measures, as opposed to their expected future realizations in other models. This
introduces new possibilities for the manager to game a performance-based contract.

In Edmans and Gabaix (2011), there is only an effort problem. Thus, this timing assumption
has implications for the allocation of incentives across states of the world, as determined by the
curvature of the optimal contract. Intuitively, the agent must be subject to a constant incentive
pressure regardless of the level of noise. In our paper, this timing assumption is instead relevant
for resource allocation. It makes performance measures biased at the time when the agent makes
investment decisions, and it results in lower-powered incentives.

Contracting based on ratings is studied in other papers. Rajan and Parlour (2020) show that
including credit ratings in a contract may be optimal even when they are uninformative because
they are contractible. By contrast, ESG ratings are informative in our model, but the stock price
is useful for contracting because it is contractible. Hoérner and Lambert (2021) study how to
optimally design a rating for incentive purposes, whereas we take ESG scores and ratings as given.

Our paper takes an optimal contracting perspective to the provision of incentives for corporate
investment in social goods. Baron (2008) analyzes the balance between “profit incentives” and
“social incentives”. In his model, there is no uncertainty about the firm’s CSR technology, and no
stock price-based incentives. Bonham and Riggs-Cragun (2022) take a broader perspective, and
study the use of contracts, taxes, and disclosure regulation to encourage ESG activities which are
imperfectly measured. Likewise, there is no stock price in their model. Bucourt and Inostroza
(2023) study stock price-based incentives for ESG when investors have heterogeneous preferences
for ESG. In their model, there is no agency problem and no contracting: the manager chooses her

ESG effort to maximize shareholder value.



1 The model

1.1 Technology

Consider a firm run by a manager and controlled by a socially responsible board on behalf of
shareholders. The production technology involves both a value-increasing action (“effort”) and
social investment decisions. At ¢ = 0, a risk neutral manager chooses unobservable effort e € {¢, e}
at private cost C(e), with C(e) = 0 and C(e) = ¢, > 0. He also makes two observable social
investment decisions, y; and y,, that improve social and environmental outcomes but decrease the

firm’s profits. Cash flows or “profits” & and overall “social output” g are respectively defined as:

T = e—01y? —Oy3 + ¢, where ¢, ~ N(0,02) (1)

= Mmy1+ Y2 + € where &, ~ N'(0,07)

<

where 0, and 6, are positive constants. Cash flows are realized at ¢ = 2 and paid out to shareholders.
The effect of social investments on social output depends on {n;,7,}, which are the unobserved

realizations of the random variables 71 ~ N (7, 07) and 7, ~ N (7], 07). They represent the firm’s

n
multidimensional “social productivity”ﬁ All random variables, 7y, 72, €, €,, are independent.

The board’s objective function is:
E[:HaBg—W , 2)

where the social output gy of the firm is weighted by ag > 0, and W is the manager’s contractual
payment. In Appendix [C| we give three possible microfoundations for this specification of the
board’s preferences. The notion that shareholders partly internalize the externalities generated by
the firm is consistent with the empirical findings of Homroy, Mavruk, and Nguyen (2023) on the

use of SEP measures in executive pay.

8The productivity of some social investments can be negative. This means that allocating resources to increase
provision of this type of social goods in this firm would decrease its social output. This is for tractability but can
sometimes be justified. For example, if gender parity is an objective and the firm currently employs more men
(m > 0), it means that hiring more women (y; > 0) will help achieve this objective; however, if the firm currently
employs more women (7; < 0), it means that hiring more men (y; < 0) will help achieve this objective.



1.2 Measures of social performance and stock price

Social performance measures are realized at t = 1, and they imperfectly reflect the actual SEP
of the firm. The measure of the firm’s SEP on dimension i (for ¢ € {1,2}), that we will refer to as

an “ESG score” (see Appendix |A]) for brevity but without loss of generality, is:

m; = €;Y; where éz ~ N(nzy 0-3)7 (3>

where 7; is the realization of 7;. That is, with o2 > 0, &; is a noisy measure of the firm’s social
productivity on dimension ¢. The difference between ¢; and 7; is simply the difference between the
measured social impact and the actual social impact of social investments.

At t = 0, after contracting but before the social investment decision, the manager observes
the nonverifiable variable ¢;. This timing assumption is similar to the assumption in Edmans
and Gabaix (2011) that the agent chooses his action after observing the noise. In our model, it
parsimoniously captures the notion that, because of his on-the-job expertise and his understanding
of the SEP measures’ methodology, the manager understands how investment decisions will affect
SEP measures. It allows to take into account a frequent criticism leveled at SEP-based incentives
(that they will encourage “gaming”). It represents a departure from standard models of contracting
and multitasking with noisy ex-post performance measurement in which the principal is aware of
any biases that the manager may have at the contracting phase.

A publicly observable financial report z, which is imperfectly informative about the firm’s
profitability, is realized at ¢t = 1 such that: Z = e — 6137 — Ooy3 + €, + €. where €, ~ N(0,02). To
account for the potential impact of corporate social performance on the stock price, we assume an

exogenous stock price function that puts a weight a; on social performance relative to profits:

p = Elz+ay|t=1] (4)

where the conditional expectation is taken with respect to the information available at t = 1,
including social investments, the report z, and ESG scores. In Appendix [E| we provide a micro-

foundation based on portfolio choice by socially responsible investors.



1.3 Contracting

At t = 0, the board offers a compensation contract to a risk neutral manager who has an
outside option worth W > 0. As is standard, the manager is self-interested. He receives a fixed
wage w, and his compensation is linear in the following performance measures: firm profits (with
sensitivity ), stock price (with sensitivity 3,), and ESG score i (with sensitivity ;) for i = 1,2,
similar to Holmstrom and Milgrom (1991) and Holmstrom and Tirole (1993).

We assume that the sensitivity of pay to profits and ESG scores must be nonnegative, i.e.
By >0 and B; > 0 for i = 1,2 The former (8, > 0) can be motivated similarly to Innes (1990):
the manager would destroy output otherwise. The latter (5; > 0) can be motivated by the public
outcry that would likely result if a manager’s pay were decreasing in measures of a firm’s SEP —
similar to the political constraints mentioned by Jensen and Murphy (1990).

We assume that € —c, — W > 0, i.e. a firm which hires a manager who exerts high effort can be
profitable, and that the cost of high effort for the manager, c., is sufficiently low that it is optimal

to induce high effort in all settings considered. The discount rate is zero.

t=20 t=1 t=2
1. Board offers a contract Report z released; Cash flows z realized
to the manager; ESG scores mq, my realized; Social output y realized
2. Manager learns €1, €3; Stock price p established;

3. Manager chooses effort e
and investments y1, yo;

Figure 1: Timeline of the model.

2 Contracting with social performance

2.1 Baseline model

We solve the model by backward induction. Appendix [E| derives the stock price in several cases

of interest. For publicly traded firms, the stock price is established on stock markets. For private

9As will be clear in Proposition [1} the sensitivity of compensation to the stock price will be positive (3, > 0),
although it could be negative without the constraint that 3, > 0.



firms, it represents the implied stock valuation established in a sale or a funding round. Lemma

[ proven in Appendix [E.3], determines the ¢ = 1 stock price in the baseline model.

Lemma 1 The stock price p in equation 1s such that:

2

3 . o2 R
E[Z|t=1] = &é— 019+ 05 + — (z — e+ 017 + Ggyg) (5)
oz +o0;
2 2 2 2
g o g g
Elg|t=1] = " —my + £ N+ Ty + £ m 6
=1 = Gyt T Gy ©)

The stock price is additive in two terms. The first is expected profits. It depends on the
manager’s expected effort é, social investments y; and 15, and the report z. The report z is
informative about profits . As a result, the report affects the stock price, which makes the stock
price sensitive to the manager’s actual effort (as opposed to the manager’s anticipated effort é,
although the two coincide in equilibrium), so that the stock price provides effort incentives.

The second term is the expected social output of the firm. The perceived SEP of the firm as
reflected in ESG scores affects the stock price when a; > 0 (see equation . This is consistent
with the fact that investors rely on these scores and ratings for their investment decisions (Pagano
et al. (2018), Berg, Kélbel, and Rigobon (2022)). Lemma [l shows that, with a; > 0, there
is a positive relation between ESG scores and the stock price in equilibrium, consistently with
the empirical evidence (Berg et al. (2021)). Intuitively, a higher score is good news about the
firm’s social productivity. However, ESG scores are noisy measures and social investments are
distorted accordingly, so that neither these investments nor these scores reveal the firm’s actual
social productivity. As a result, the expected social output of the firm (E[y|¢ = 1]) does not
only rely on its ESG scores and its social investments, but also on the prior belief 1 about the
productivity of these social investments.

We now consider incentive provision and contracting. The board wants to incentivize effort
and social investments. To this end, it can use three types of performance measures: the firm’s
stock price, its profits, and its ESG scores.

As a first preliminary step, in Appendix [E.2] we consider the case without ESG scores or rat-
ings. In this case, the stock price is informative about the levels of observable social investments
({y1,y2}). However, in the absence of measures of the firm’s SEP, the stock price is uninformative

about the productivity of these investments. As a result, we show that stock price-based compen-

10



sation cannot be used to induce the manager to invest according to his signals on the productivity
of the firm’s technology for social output. This hypothetical case underlines the important role
played by ESG scores.

As a second preliminary step, we define the first-best outcome, which provides a useful bench-
mark. The first-best outcome refers to the outcome without information asymmetries and without
an agency problem, i.e. when there is no incentive constraint in the optimization problem. At the
second-best, let y;(g;) be the social investment in dimension ¢ optimally chosen by the manager
given his contract and his signal ¢;, Let ¢ denote the conditional density function of &;, and ¢

denote the density function of 7j;.

Lemma 2 The first-best social investment is:

ap E[ﬁz|€l] - 0127 o? _
== h Eln;le:| = i £ 7
Yi 2 0; where [ilei] 0727—1—0626 a%+a§n (7)

At the second-best, the board sets the manager’s contract to induce effort and minimize the agency

cost in equation (@)

S0 [ e~ elemotndendn ®)

i=12

We refer to the difference between the board’s objective function at the first-best and at the
second-best as the “agency cost”. Given that the manager is risk neutral and there are no con-
straints on contracting, the agency cost is not driven by inefficient risk sharing or rent extraction.m
Instead, the agency cost reflects the extent of the inefficiency in resource allocation. As can be seen
in equation (§)), it measures the deviation between social investments and their first-best levels,
which are defined in equation ([7)).

Lemma[2]shows that minimizing the agency cost is equivalent to minimizing the sum across SEP
dimensions of the expected quadratic distance between incentive-compatible social investments
yi(e;) and first-best social investments y;(¢;) multiplied by the cost parameter ¢;. This distance
is a measure of the agency cost on dimension 7. It measures how close the board can get to the

first-best outcome described in equation . The agency cost is proportional to the monetary

10Risk sharing and rent extraction effects are arguably of second-order importance in large firms, where managerial
equity holdings account for only 0.34% of firm equity for the median CEO (Edmans, Gabaix, and Jenter (2017)).

11



cost of social investments, as measured by 6;. Intuitively, if social investments were costless, there
would be no tradeoff between social investments and profits. On the contrary, the more costly
social investments are, the more expensive is any deviation from the first-best level.

The contracting problem is a priori not simple for several reasons. First, the firm must provide
incentives for effort as well as for social investment. In doing so, it faces a multitasking problem
in which the sensitivity of pay to performance must be high enough (to elicit effort) and the
balance of incentives matters (because of the resource allocation decisions). Second, because of
the manager’s knowledge of the firm’s technology for social output and his understanding of the
ESG ratings’ methodologies, ESG ratings-based incentives will result in “gaming”. Third, the
levels of social investments that maximize the stock price do not necessarily maximize the board’s
objective function. Fourth, the sensitivity of the manager’s compensation to profits and ESG
ratings must be nonnegative.

As the third and last preliminary step, Lemma [3| highlights the important role played by the

constraint that the sensitivity of pay to profits be non-negative.

Lemma 3 Without a nonnegativity constraint on B, the board can achieve the first-best outcome

(vi(g;) = yi(ei) Ve; and e =€) by offering a contract such that:

-1
B =0, ﬁx:(ﬂ_1)5p and B, = —= (ﬂ+‘7_3_1) (9)

ap e—e\ap 02402

If the board’s preferred level of social investments is lower than the one that maximizes the
stock price (ap < aj), then only relying on stock price-based incentives would lead to excessive
spending on social investments from the board’s perspective. To counterbalance stock price-based
incentives, the board then provides profits-based incentives (5, > 0), which discourages costly
social investments. On the contrary, if the board’s preferred level of social investments is higher
than the one that maximizes the stock price (g > ay), then only relying on stock price-based
incentives would lead to inadequate spending on social investments from the board’s perspective.
Encouraging social investments further can then be achieved by punishing the manager for achiev-
ing high profits, i.e. 8, < 0. The sensitivity of compensation to the stock price increases as needed
to still provide effort incentives. In any case, the agency cost is zero: the firm’s investment in

dimension i of SEP, y;(;), is state-by-state equal to the first-best level y;(e;) defined in equation

12



(7)-
Proposition [1| describes the use of SEP-based compensation in the optimal linear contract with

a nonnegativity constraint on f,.
Proposition 1

o [fap < ay, then y;(g;) = y;(&;) Vei, and the optimal linear contract is defined by:

2 -1 2 -1
ar Ce oy o Ce oy o
=0, Bo=(——1)= — 4+ —=— -1 , = — — 4+ —=— -1 )
’ 0 (aB )e%—e<a3 o2+ 0?2 ) & e——g(ag o2+ 0?2 )

o [f ap > «ay, then generically yi(g;) # yi(ei), the expected social investment is below the

first-best level:

0.2 "72
Ely; (€)] — Elyf(&; = — £ — —1]n,
[:(&0)] — Ely; (20) chmﬁ+ﬁ(ﬁ+ﬁ+ﬁ )n
>0

and the optimal linear contract is defined by:

2 2 =2 0-2 2
5i:(aB—aI)_ce (1+az)( Te il + 1 ), B.=0, B,= Ce (1+&).

_ 52 2 2 52 2 | 72 2 2 5 _ 2
e—e¢ oz o, t0z0;+ 0,41 0, +0¢ e—e oz

The structure of the optimal linear contract can be described as follows. First, the fixed wage
adjusts to keep the manager at his reservation level of utility including compensation for the cost
of effort. As a result, the manager does not derive rents. Second, the sensitivity of pay to the
performance measures available has implications for the effort decision and for social investments.
A positive sensitivity of pay to profits encourages effort and discourages social investments. A pos-
itive sensitivity of pay to ESG scores tends to encourage social investmentﬂ A positive sensitivity
of pay to the stock price encourages the manager to exert effort and to choose social investments
that maximize the stock price.

To start, consider the optimal linear contract when the board (which represents the firm’s
shareholders) prefers the social investments that maximize the stock price, i.e. ap = a;. In

this case, the manager’s compensation is only contingent on the stock price: 5, = 0, 5, = 0,

HBecause of the imperfection of ESG scores, they do not always encourage social investment. In the case when

the sign of ¢; is opposite the sign of 7;, imperfect measurement that can be anticipated ex-ante gives rise to
counterproductive incentives.

13



and 8, = == (1 + j—§> When managerial compensation is only sensitive to the stock price, a

é—e

self-interested manager optimally chooses the social investments that correspond to the board’s
preference. The sensitivity of compensation to the stock price is then determined to provide
adequate incentives for effort.

Now consider the case when the levels of social investments that the board prefers are lower
than the ones that maximize the stock price (ap < aj). For example, as further discussed in
Appendix [E] this could be the case if investors enjoy sufficiently strong warm-glow utility from
investing in socially responsible firms, or if there are many socially responsible funds with impact
mandates (Oehmke and Opp (2024)). In this case, the manager’s compensation is contingent on
profits and the stock price. A positive sensitivity of compensation to profits discourages social
investment relative to the level that would maximize the stock price. Since both profits-based and
stock price-based compensation encourage managerial effort, a positive sensitivity of compensation
to profits reduces the sensitivity of compensation to the stock price required to elicit managerial
effort. In this case, the board can still induce a level of social investment y; that corresponds to
the first-best level y state-by-state (for any realization of &;).

Finally, consider the case when the levels of social investments that the board prefers are
higher than the ones that maximize the stock price (ap > ay). As further discussed in Appendix
[C] this can arise for several reasons. In particular, this is the relevant case if investors do not
intrinsically value holding equity in a socially responsible firm, so that SEP does not have a stock
price impact (a; = 0), even though they would be better off if the firm reduced its externalities.
Then a board with ag > 0 solves a coordination problem. More generally, whenever ag > «;, the
manager’s compensation is contingent on the stock price and ESG scores. A positive sensitivity of
compensation to ESG scores encourages social investment relative to the level that would maximize
the stock price. Ideally, the board would like investment in dimension ¢ of SEP to depend on the
average productivity 7 of social investments, and on the signal ¢; that the manager receives on the
productivity of the firm’s social investment on dimension .

The stock market’s valuation of the firm’s social investments combines these two aspects (see
Lemma . Moreover, the stock price aggregates information about the firm’s social output ef-
ficiently for investment purposes, since it reflects the effect of ESG scores on beliefs about the

productivity of the firm’s social and environmental investments. However, the stock price’s ag-
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gregation of information about the firm’s social output and its profits does not correspond to the
board’s preference when ag # ay. When ap > aj, stock price-based incentives are excessively
tilted toward profits maximization relative to the board’s preference. This cannot be remedied
by a negative sensitivity of managerial compensation to profits: the nonnegativity constraint on
profits binds.

This can be partly remedied by also making managerial compensation contingent on the firm’s
ESG scores, so as to complement the social investment incentives already embedded in stock price-
based compensation. However, by definition, ESG score m; only depends on social investment y;
and on the signal ;. The latter is an imperfect signal of the firm’s technology for social output
(since 0. > 0), and it is known ex-ante by the manager. Thus, relating managerial compensation to
ESG scores will lead the manager to be excessively responsive to realizations of the signal &;, which
can be viewed as “gaming”. This inefficiency reduces the sensitivity of the manager’s compensation
to ESG scores: this sensitivity is decreasing in the noisiness of scores, as parameterized by o.. In
summary, the more noisy ESG scores are, the more distorted are the manager’s incentives for social
investments, and the less the board encourages social investments.

ESG scores are noisy because they are imperfect indicators of social output. This imperfection
combined with their predictability leads to distorted incentives whenever the scores are used for
incentive purposes. For example, when ¢; is high, the manager understands that increasing y; will
have a large impact on ESG score m;, likely over and beyond the “true impact” which is given
by n;y;. On the contrary, when ¢; is low, the manager understands that even though increasing y;
might substantially increase social output 7;y;, it will only have a small and possibly even negative
impact on ESG score m;.

When the board is highly socially responsible, as in the second case of Proposition [l the
firm can either underinvest or overinvest in social investments, depending on the realization of &;.
Indeed, in this case, the optimal linear contract is such that the manager is excessively responsive
to ESG scores, i.e. to the realization of &;. Proposition (1] still shows that, in this case, on average
the firm underinvests in social investments from the board’s perspective. Intuitively, the difficulty
of aligning interests with respect to SEP reduces the second-best level of expected social investment
below the first-best level.

Thus, the deviation from the first-best outcome depending on whether ag = a; is asymmet-

ANV
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ric. When ap < ay, it is possible to reach the first-best outcome using available compensation
instruments — with profits-based and stock price-based compensation. On the contrary, when
apg > «j, it is impossible to do so. In this latter case, the firm will use ESG scores-based and
stock price-based compensation, and social investment will be inefficiently allocated for the reasons
mentioned in preceding paragraphs. This result relies on a wedge between the observability and
the contractibility of social investments, so that the stock price aggregates information in a way
that could not be replicated by a contract. For simplicity, we have assumed that social investments
are not contractible, but this result would still hold under the more realistic assumption that social
investments are not fully contractible.

Overall, the main forces at play in the model can be summarized as follows. Equity-based and
profits-based compensation are used as substitutes to elicit managerial effort. At the same time, a
board that wants to encourage social investments (ap > 0) starts by relying on stock price-based
incentives (if the stock price is sensitive to perceived SEP, i.e. ay > 0). The social incentives thus
provided can be adjusted by changing the relative weights of stock price-based and profits-based
compensation while preserving effort incentives. Only at the point when [, cannot be decreased
further (i.e. B, = 0) does the board start using measures of SEP[™?| Indeed, since it will foster
inefficient gaming, using these measures in a contract is less efficient than relying on equity-based
compensation.

Proposition [1| generates empirical implications about the use of SEP measures in incentive
programs. First, it suggests that many firms should not use explicit incentives based on SEP
measures. Indeed, measures of SEP are only used when the board’s preferred level of social
investments exceeds the one that maximizes the stock price. This suggests that compensation
based on SEP measures and socially responsible investors are substitutes rather than complements.
For example, suppose that investors become less socially responsible because of changing investor
sentiment. Then, supposing also that the degree of social responsibility preferred by boards does
not change, the model predicts a rise in the use of SEP-based incentives. This can contribute to

explain recent trends which might otherwise appear paradoxical.ﬁ Second, the intrinsic quality of

12Thus, the manager’s compensation needs not be highly sensitive to ESG scores for social investments to be
effectively incentivized. This is in contrast to the view that SEP-based compensation, which are “economically
insignificant”, are either inconsistent with incentive theory or suggestive of window dressing (Walker (2022)).

13 A recent article notes that the use of ESG-based incentives is on the rise even though investors seem to be less
concerned about ESG as suggested by declining inflows into ESG funds in 2023. Source: 76% of companies link
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SEP measures, captured by o. in the model, does not matter for the inclusion of these measures
in the contract. However, it matters for the sensitivity of pay to these measures when they are
used. The worse the quality of these measures (i.e. the higher o.), the lower is the sensitivity of
pay to these measures (see Proposition .

In the standard multitasking model of Holmstrom and Milgrom (1991), inefficiencies emanate
from imperfect or inexistent ex-post performance measurement on some dimension, which prevents
adequate incentive provision on other dimensions if efforts on various dimensions are complements
or substitutes. In the multitasking model of Feltham and Xie (1994), inefficiencies emanate from
noisy ex-post performance measurement on several dimensions, which can induce deviations from
the first-best (multidimensional) action to reduce the risk borne by a risk averse agent. In our
model, by contrast, the costs of various actions are independent (the cost of investment on dimen-
sion 7 only depends on this investment) and the manager is risk neutral. Instead, inefficiencies
arise because of the manager’s ex-ante awareness of the biases of each SEP measure, which results
in either excessive or inadequate investment in each dimension. In Appendix [B], we study the same
setting with multitasking but without gaming (i.e. the manager does not observe ¢; at the time
of making investment decisions). In that alternative setting, the first-best outcome can always be
obtained, and the quality of SEP measures (as measured by o.) does not change the sensitivity of
pay to these measures.

In subsections 2.2 and 2.3 we extend the baseline model in two directions. First, we let the
board have heterogeneous preferences with respect to various dimensions of SEP. Second, we study

the outcome when there are several sets of ESG scores.

2.2 Heterogeneous social preferences

In this subsection, we allow the board to have a different preference with respect to each
dimension i of SEP relative to profits, as measured by a% > 0, for i = 1,2 (by contrast, in the
baseline model, a = a%). We also let the stock price impact of perceived SEP, as measured by
o' > 0, potentially be different across dimensions of SEP. For simplicity and tractability, in this

subsection we assume oy, = 0.

pay to ESG performance in rising trend: WTW, CFO Dive, Jan 24 2024.
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Proposition 2

(i) If o'y > o fori=1,2, then B, =0, B, = == (1 + j—%), and, fori=1,2:

—€

_ 2
2 (o) (S s ) (10)
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(ii) If oy < ot fori=1,2, then B, > 0;
(11i) If oy = oy fori=1,2, and ap < ay < o with 2L sufficiently large and % sufficiently close
B

to 1, then 8, >0, 5, >0, 81 =0, and B2 > 0.

(iv) If oy is sufficiently large and o, > 0, then 8, = 0, 3, = == (1 + Uz), and g—; is as in equation

e—e o2

In part (i), when the board prefers a higher level of social investment than the one that
maximizes the stock price on all dimensions, there is no profits-based compensation.ﬂ On the
contrary, in part (ii), when the board prefers a lower level of social investment than the one that
maximizes the stock price on all dimensions, then it uses profits-based compensation. In both
cases, the intuition is as in the previous section.

In part (iii), the board prefers a much lower level of social investment than the one that
maximizes the stock price on dimension 1, and a slightly higher level of social investment on
dimension 2. Then, compensation is sensitive to profits to deter investment in dimension ¢ = 1 of
SEP, but it is also sensitive to ESG score i = 2 to encourage investment in dimension 7 = 2 of ESG.
This is illustrated in Example [[| below. By contrast, this outcome is not possible in Proposition []

where preferences for social output are homogeneous across dimensions of social output.

4More generally, we show in the proof of Proposition [2f that the firm will not use profits-based compensation
(B = 0) if a weighted sum of a3 — a} is positive, as opposed to ap — a; > 0 in the case with homogeneous
Bp

preferences for social output. In the proof of Proposition we show that, letting § = TtE the optimal value
e P

of 3 is a solution to the following problem: ming Zi:m r; (oziB — Ba})z s.t. B <1 where I'; is a positive constant

defined in the proof of Proposition[2] That is, the optimal fraction of stock price-based incentives as a proportion of

total financial incentives, TtE minimizes a weighted average quadratic distance between the board’s preference
4 D

for dimension ¢ of SEP and investors’ preference for the same dimension of SEP times 7 ﬁ_f 7 Accordingly, we find
m P
that this ratio is optimally either equal to 1 (when the constraint 8, > 0 is binding), or to By _ imialiojop

Bz+ﬂp - Zi:l,’z I‘ioﬂjz )
Intuitively, the optimal ratio 7 %ﬂ is less than one when investors tend to have a stronger preference for SEP
T P

compared to the board, which results in the board giving profits-based incentives to the manager to counterbalance
stock price-based incentives.
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Example 1 Suppose that ap =0, a; =1, 05 =11, a; =1, 0,=1, 0. =1, 0, =1, 0, = 1,

n=2,c/(€—e)=0.1. Then we have $; =0, f, = 0.03, 5, = 0.02, and 5, = 0.16.

In part (iv), when the board prefers a much higher level of social investment than the one that
maximizes the stock price on dimension ¢, then it uses SEP-based compensation on dimension :.
Moreover, there is no profits-based compensation, even if the board prefers a much lower level
of social investment than the one that maximizes the stock price on the other dimension (7).
This is surprising because the board could use profits-based compensation to discourage social
investments on dimension j (5, > 0), and partly offset the effect of profits-based compensation
on dimension i of SEP by incentivizing investment on this dimension with the corresponding ESG
score (by further increasing ;). However, this would lead to an (already discussed) inefficiency
which is especially costly for a board that cares a lot about this dimension of SEP. Thus, contract
complexity, as proxied by the different types of performance measures used, does not necessarily

rise when the divergence in preferences increases. This is illustrated in Example 2] below.

Example 2 Suppose that af; =0, at =1, 0% =2, 02 =1,0,=1,0.=1,0,=1,0,=1,71 =2,

c./(€—e) =0.1. Then we have f; =0, 5o = 0.17, 5, =0, and 5, = 0.20.

In Example [ the only difference with respect to Example [I] is that the board cares even
more about the second social dimension. In Example [ a board with a strong preference for the
second social dimension will not use profits-based compensation to discourage investment in the
first dimension — even though it could separately encourage investment in the second dimension
by further increasing ;.

In summary, having heterogeneous preferences for social output across economic agents and
across dimensions of social investments is a necessary but insufficient condition for a managerial
contract to be explicitly contingent on three different types of performance measures: profits,
the stock price, and some ESG scores. These results contribute to the nascent literature on
the complexity of executive compensation (Murphy and Sandino (2020), Burkert et al. (2023),
Albuquerque et al. (2024)).
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2.3 Multiple ESG scores

We now extend the model to analyze the case with multiple ESG scores on each social di-
mension. In practice, several ESG rating agencies provide ESG scores and ratings. These scores
are informative, in the sense that they affect firms’ stock prices (Berg et al. (2021)), but there is
evidence of substantial divergence across these ratings, including on the measurement of the same
dimension of SEP (Berg, Kolbel, and Rigobon (2022)).

We now assume that there are N ESG raters. Each rater j provides a set of ESG scores
{m],ml}. ESG score on dimension i by ESG rater j is defined as m! = £/y;. We will present
results based on two different assumptions on the joint distribution of these scores.

To start, we analyze the effect of increasing the number of ESG scores with uncorrelated noise
terms. Specifically, we assume that the noise terms in ESG scores are independent and identically
distributed (i.i.d.), with a variance of o2 (see section in the Appendix for additional details).
This implies that ESG scores on dimension i are uncorrelated conditional on 7;, but they are
unconditionally positively correlated because of their dependence on 7;. Let & = % Zjvzl 5{ be
the average signal on the firm’s social productivity on dimension ¢ generated by ESG scores. This

average signal is a sufficient statistic for the mean of the distribution (see section [E.4)).

Proposition 3 As the number of ESG scores is increased, social investment and expected social

output converge asymptotically to the first-best levels of these variables:

=2 2
. -\ . ~ o~ apTl + Un
am =g e B =

(11)

Proposition |3[implies that increasing the number of ESG scores allows to overcome the agency
problem. The reason is as follows. In this setting, the average score on any given dimension is
a sufficient statistic. Therefore, the manager considers the average score on each dimension of
SEP when choosing social investments. Additional scores reduce the variance of the bias of the
average score, which increases its quality, and diminishes the manager’s propensity to game the
ESG scoring system. Intuitively, with a single score on any given dimension of SEP, incentives
are distorted in one direction only. With additional scores which are imperfectly correlated with
the first score, incentives are still distorted but not necessarily in the same direction. Proposition

shows that, as the number of ESG scores gets very large, the incentives to game the system
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become negligible, and vanish in the limit. This result goes against the notion that heterogeneity
in performance measurement will lead executives to game the incentive systemE

An important question related to ESG scores if whether adding ESG scores with a lower quality
than an existing set of scores can be beneficial. For corporate governance purposes, is it better to
have one high-quality set of ESG scores or is it valuable to complement these scores with additional
scores which can be correlated with the former and which can also have a lower quality (higher
noise)?

We now analyze the effect of adding to an existing set of scores some possibly more noisy and
correlated ESG scores. Specifically, on each dimension ¢ of SEP, there are two scores, & and &7,
that follow a multivariate normal distribution. On any dimension i of SEP, each ESG score j is
normally distributed with mean n; and variance agj (or equivalently precision 1/ ag:); conditional
on 7;, these two scores are correlated with correlation coefficient p € (—1,1) (see section in
the Appendix for additional details). Letting the signal-to-noise ratio of a score be o,/ O'gi, our
assumptions can generate any signal-to-noise ratio for each score.

We show in Appendix that neither ! nor 7 is a sufficient statistic for 7;. The additional
set of ESG scores is thus informative, and a naive application of the informativeness principle
(Holmstrém (1979)) would conclude that it is useful for contracting. We now analyze the effect of

adding ESG scores on social investment and expected social output.

Proposition 4 With two sets of scores, social investment is equal to its first-best level if and only
if agp < ay. Moreover, expected social output is higher with two sets of scores rather than one set
of scores if the precision of the second scores is sufficiently high or their correlation with the first

scores is sufficiently low.

Proposition [] shows that the result from Proposition [I] that the first-best social investment
can be induced if and only if ap < ay is robust to the addition of ESG scores["] Proposition
also shows that the addition of ESG scores can decrease the expected social output of the firm.

Intuitively, additional scores which are not perfectly correlated with the first set of scores are

15For example, a recent press article about ESG-based executive compensation mentioned that a “lack of standard-
ized data and disclosure may be opening the way for some to game the system.” Source: |“Executive compensation
tied to ESG is growing but open to abuse”), Financial Post April 17 2023.

I6The first-best investment in dimension i of SEP with two sets of ESG scores, y;(e},7), is defined in equation

(108) in the Appendix.
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informative, even if their quality is low, and they consequently affect the stock price. Since the
stock price is used to provide incentives, the board cannot just “ignore” additional scores['’] The
problem is that the bias of additional scores can be so strong (high O'gi) and their correlation p
with the first set of scores so high that adding these additional scores will tend to worsen the bias
induced by SEP measures. Indeed, Figure [2]illustrates that the availability of another set of scores
with a low quality and a high correlation with the first set of scores will decrease expected social

output.

T 2

Figure 2: The black area is the subset of parameter values {o.,, p} such that expected social output
E[n;9;] on dimension i is higher with one rather than two ESG scores on this dimension. The initial
score is characterized by 0., = 1, the additional score by o.,, and the correlation coefficient of the

error terms in these ESG scores is p. We have = 1, and o, = 1.

Propositions [3| and 4] have important lessons for SEP measurement “convergence” or “harmo-

nization”, which is debated and frequently advocated.ﬁ On the one hand, Proposition [3| shows

In section [2] of the Online Appendix, we show that, with ¢, — 0, the result that having two sets of scores
instead of one can reduce the firm’s expected social output does not hold in the absence of a stock price (i.e., when
the firm can only contract based on profits and ESG scores).

18 As stated by Larcker et al. (2022): “The major credit rating agencies Moody’s, Standard & Poor’s, and Fitch
are subject to regulation by the Securities and Exchange Commission which requires covered firms to adhere to
certain policies, procedures, and protections to reduce conflicts of interest and improve market confidence in their
quality. Should ESG ratings be subject to similar requirements?” Accordingly, there is a regulatory push for
uniform standards in SEP measurement and reporting, see: EU watchdog says ESG rating firms need rules to
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that disagreement among ESG raters (i.e. a low correlation across ESG scores’ noise terms) is
beneficial for corporate governance purposes. If regulation or “harmonization” of ESG ratings
results in a decrease in the number of available ESG ratings, our results suggest that it may
result in more gaming of the remaining ESG scores and ratings by managers, for example via
increased greenwashing. On the other hand, Proposition [4| shows that ESG scores with sufficiently
low quality are detrimental because they affect the stock price and distort managerial incentives.
Together, these results suggest that ESG raters and regulatory efforts should focus on improving
ESG scores’ quality rather than reducing their dispersion. Thus, the concern about the dispersion
of ESG scores (low or negative correlation across scores) documented in Chatterji et al. (2016)
and Berg, Kélbel, and Rigobon (2022) is not necessarily warranted.

Regulation or harmonization might admittedly improve the quality of ESG scores. Our results
suggest that this increase would need to be sufficiently high to offset the increased gaming effect
resulting from a decrease in the number of scores that we highlighted. In other words, an improve-
ment in the quality of ESG scores is necessary but insufficient for regulation or harmonization to be
beneficial. In the case when the noise in scores is i.i.d. as in Proposition [3], a hypothetical unique
standardized score would need to have a precision which is higher than /N times the precision of an
individual score if it replaces N different scoring methodologies. This sets a high bar for regulation

or harmonization ™|

3 Conclusion

Criticisms levelled at ESG-based compensation cannot be answered by existing models of mul-
titasking in which performance is measured ex-post with noise: as is well-known, imperfect mea-
surement does not rule out performance-based compensation. To address these criticisms, we
allow the manager to know the bias in performance measurement at the time of making invest-

ment decisions, which allows him to game SEP-based incentives. We also study the outcome with

stop ’greenwashing’, Reuters February 12 2020, Regulatory Solutions: A Global Crackdown on ESG Greenwash,
Harvard Law School Forum on Corporate Governance, June 23 2022. This harmonization argument is also made in
influential academic research (Berg, Kolbel, and Rigobon (2022)). It is related to regulations such as government
mandated CSR reporting in the European Union (Fiechter, Hitz, and Lehmann (2022)).

19Some of these concerns might help explain why there is only limited support in the corporate world for harmo-
nization efforts with respect to SEP reporting. For example, despite corporate commitments to SEP, only 25% of
US CFOs support the Securities and Exchange Commission’s proposal to standardize climate disclosure. Source:
There’s an ESG backlash inside the executive ranks at top corporations, CNBC Sept 29 2022.
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heterogeneous SEP measurement.

We show that SEP measures will only be used to encourage SEP when stock price-based
compensation is insufficient for this purpose. Thus, SEP-based compensation will only be used
when the level of social investments preferred by the board does not maximize the stock price —
which contradicts the notion that SEP-based compensation will increase stock prices. Moreover,
even though it is sometimes second-best optimal, the reliance on measures of SEP distorts the
manager’s incentives for social investments. This distortion reduces the optimal sensitivity of
compensation to SEP measures. Finally, we have shown that the often criticized heterogeneity in
social performance measurement can be used to mitigate gaming and improve efficiency.

The model has normative implications for the regulation of SEP measures including ESG scores
and ratings. It suggests that the harmonization of SEP measures may have a counterproductive
effect. Indeed, it is harder for the manager to game ESG scores and ratings when there are
different ESG raters that use a variety of methodologies. By contrast, there is a recent push
toward a uniform standard, which would be easier to game than a variety of methodologies. For
example, the creation of the International Sustainability Standards Board (ISSB), whose objective
is to develop a global standard for sustainability reporting, was announced at the 2021 United
Nations Climate Change Conference. Our results contribute a new perspective to this debate.

Finally, it is worth noting that our optimal contracting perspective ignored factors such as self-
dealing and rent extraction. Especially in poorly governed firms, compensation based on SEP mea-
sures might occasionally be used to undeservedly inflate managerial compensation (Bebchuk and
Tallarita (2022)). By delineating the circumstances in which SEP measures-based compensation
is optimal, our results can help identify instances in which this type of compensation exacerbates

rather than ameliorates the agency problem.
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Appendix

A ESG ratings and scores

ESG scores and ratings, which are “third-party assessment[s] of corporations’” ESG performance”
(Berg, Kolbel, and Rigobon (2022)), were originally developed to allow investors to screen companies for
ESG (Environmental, Social and Governance) performance.

ESG raters typically provide several different types of measures of social and environmental perfor-
mance. They provide an aggregate rating for a firm, as well as separate scores that reflect its performance
on various dimensions of SEP: “category scores represent a rating agency’s assessment of a certain ESG
category. They are based on different sets of indicators that each rely on different measurement proto-
cols.” (Berg, Kolbel, and Rigobon (2022)) These categories include greenhouse gases emissions, workplace
safety, board composition, etc.

In order to be measures of SEP activities that are comparable across firms and therefore useful to in-
vestors, ESG ratings and scores are highly standardized with publicly known formulas. For example, when
describing their ESG scores, S&P Global mentions: “We publish our S&P Global ESG Score methodol-

” Likewise, Bloomberg’s ESG Scores are “fully transparent including methodology

ogy on our website.
& company-reported data underlying each score.”[ﬂ Other measures of SEP, such as carbon intensity or
board diversity, also share this feature.

This standardization leaves them open to gaming. Indeed, it is widely acknowledged that a firm can
improve its ESG ratings by engaging in actions that improve perceptions of its SEP rather than its actual

SEP (Walker (2022), Duchin, Gao, and Xu (2023)). In practice, some executive compensation contracts

include ESG ratings and scores as performance metrics (Cohen et al. (2023), Table 3).

B Case with no gaming

We assume that the manager does not observe ¢; at the time of making investment decisions. The

manager’s objective function given {f;, B, 51, f2}, {e1,¢e2}, and effort e is:

E [w ~+ Be (e — Hlyf — 023;5 + €x) + Bpp + Biyier + ﬂzyzsgle] —C(e) (12)

208ources: Transparency and Impact: The Essential Principles of ESG, by Douglas L. Peterson, President &
Chief Executive Officer of S&P Global, and Bloomberg Professional Services, www.bloomberg.com/explore/esg/.
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For 3, + B, > 0, the manager’s objective function is concave in y;, for 7 = 1,2. The first-order condition

(FOC) with respect to y; is:

Bz (=203i) + Bp (=20iy; + i) + Bij =0 & yi = m;& (13)
The first-best optimal value of y; is:
Vi(ei) = angy (14)
This can be achieved by setting:
vl (9

Similarly to the main model, the manager will optimally exert high effort (e =€) if and only if:

2

Bz + By~ f = (16)

Overall, the first-best can be achieved with the following contract:

Ce

Bx = z—e (17>

Bp = 0 (18)

B = apfs=ag—= fori=1,2 (19)
€—e€

and w such that the manager is at his reservation level of utility given these values of {8z, Bp, 81, B2}
When ap > «j, the first-best optimal outcome can also be induced with a contract that involves stock

price-based compensation:

B = 0 (20)
By = <1+U) e (21)

g € —

N N

8N

5; ap — ar) ( ) Ce fori=1,2 (22)

ol
|
s

These results emphasize that, in the case without gaming, there is no inefficiency: the first-best outcome

can always be attained. Thus, without gaming, the sensitivity of the manager’s compensation to ESG
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measures is not reduced to mitigate inefficiencies.

C Discussion of modeling assumptions and preferences

There are three interpretations for the specification of the board’s and investors’ social and environ-
mental preferences. In the rest of the paper, we will discuss the model using the third interpretation listed
below.

The first interpretation is that the board is not intrinsically socially responsible, but it uses incentive
pay to commit to an investment policy that would otherwise not be in the best interests of the firm
ex-post. For example, this can be useful to raise funding from socially and environmentally responsible
investors at a lower cost, or to hire employees who care about these issues. To be credible, the firm must
commit to be socially responsible in the futureE] Specifically, it should invest “as if” it were socially
responsible. This can be achieved by setting a compensation contract “as if” the board had the objective
function in equation . In this interpretation of the model, investors are socially responsible if they
put a positive weight a; on social output relative to profits. In principle, this hypothesis can explain the
concomitant rise of commitments such as “sustainability pledges”, and the increased reliance on social
and environmental measures of firm performance in executive compensation.

The second interpretation is that the board and investors are not intrinsically socially responsible, but
they are aware of political and judicial pressures emanating from activists and regulators. These third
parties may punish firms that generate negative externalities, for example by requesting or mandating
reparations for harm caused in the past. Even though this might not affect the firm’s profitability
during the manager’s tenure (until ¢ = 2), these actions might be costly to the firm in the distant future
(t = 3). This heightened concern can be explained by recent shifts in public opinion. According to the US
Department of Justice: “criminal prosecution acknowledges that environmental stewardship has become
a mainstream value, such that most Americans recognize that polluting ... [is] repugnant.” In 2023, the
US Supreme Court allowed lawsuits by municipalities seeking to hold energy companies liable for harms
caused by climate emissions to move forwardF_Z] This is related to the notion of “enlarged fiduciary duty”

proposed by Tirole (2001), in which stakeholders could sue a firm whose actions did not “follow the

2Tn some instances, when green investments are well-defined, this can alternatively be induced by raising funding
via green bonds (Barbalau and Zeni (2022)). In other cases, socially responsible investments are not well-defined,
i.e. they cannot be described in a contract a priori, or there is not enough information at the contracting stage to
determine efficient investments.

22Sources:  |https://www.justice.gov/enrd /environmental-crime-victim-assistance /prosecution-federal-pollution-
crimes and https://www.nbcnews.com/politics/supreme-court /supreme-court-rejects-oil-companies-appeals-
climate-change-disputes-rcna49823
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mandate of the stakeholder society”.

In this interpretation of the model, the random variable ¢ is the monetary amount in penalties imposed
on the firm at ¢ = 3, and ap and «j are respectively the board’s and investors’ discount factors for t = 3
cash flows relative to ¢ = 2 cash flows. Discount factors could differ because long-term shareholders
and stock market investors have different endowments and markets are incomplete (Grossman and Hart
(1979))@ Discount factors could also differ because the firm’s shareholders enjoy substantial private
benefits of control (and are therefore unwilling to trade) but are more or less patient than stock market
investors. For example, suppose that the firm’s shareholders are more patient than the marginal stock
market investor. In this case, the discount factor applied to ¢t = 3 penalties relative to t = 2 cash flows
is higher for shareholders than for the marginal stock market investor, i.e. ap > «j. Finally, discount
factors could differ because of disagreement between the board and investors with respect to the extent of
t = 3 penalties for social and environmental damages. In this interpretation, differences between so-called
“discount factors” would reflect the different beliefs associated with ¢ = 3 penalties@

The third, more literal interpretation, is that shareholders (as represented by the board) and stock
market investors intrinsically value the social and environmental impact of the firm. This can be justified
based on the empirical evidence that investors have social and environmental concerns, and that they
are willing to sacrifice financial return to this end (Riedl and Smeets (2017), Hartzmark and Sussman
(2019), Barber, Morse, and Yasuda (2021), Bauer, Ruof, and Smeets (2021), Bolton and Kacperczyk
(2021), Humphrey et al. (2023), Haber et al. (2022), Heeb et al. (2023)). The modelization of social
preferences of the board (in equation (2))) and of investors is then similar to the one in Pastor, Stambaugh,
and Taylor (2021), Broccardo, Hart, and Zingales (2022), Hart and Zingales (2022), Friedman, Heinle,
and Luneva (2022), Goldstein et al. (2022), and Dewatripont and Tirole (2022). This is also similar
to the modelization of altruism in Gaynor et al. (2023), and consistent with the empirical evidence on
ESG-linked compensation (Homroy, Mavruk, and Nguyen (2023)).

In this interpretation of the model, 7 is the amount of “social output” (including positive externalities
and reductions in negative externalities) produced by the firm at ¢ = 3, and ap and «a; are respectively
the board’s and investors’ preference for social output relative to cash flows. A discrepancy between these
two preference parameters can arise because the firm’s shareholders are not necessarily the same economic

agents as investors who actively trade on financial markets. If investors have warm-glow preferences and

23Grossman and Hart (1979) note that marginal rates of substitution will then be heterogeneous across share-
holders (or “investors”), i.e., each of them will have her own discount factor.

24Tt is noteworthy that disagreement across investors reduces the discount rate used for stock pricing (Yu (2011),
Huang et al. (2020)). In our model, oy is the discount factor that matters for stock pricing, i.e. disagreement
across investors would increase «;.
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intrinsically value holding equity in a socially responsible firm, of if they represent fund managers with
impact mandates for socially responsible investments, then their stock market investments have a stock
price impact captured by oy > 0. On the contrary, if atomistic investors are affected by externalities,
which they take as given, but do not intrinsically value socially responsible investments, then a; = 0 even
though they would be better off if the firm reduced externalities. In this latter case, a board with ap > 0
solves a coordination problem by encouraging externalities mitigation above and beyond the level that

would maximize the stock price (Oehmke and Opp (2024)).

D Proofs

Proof of Lemma [2k
The contract is characterized by a fixed payment w to the manager and by the sensitivity of pay
to performance with respect to Z, p, m1, and mg, which is given by {8, 5y, 51, B2}, respectively. The

principal’s optimization problem is:

max  E[V(z,y,e)] st. {e" yf,y5} = arg max Efu(z,y,¢)], and 5, 20,8, >0 (23)
€,8z,8p,51,52 €,Y1,Y2
where:
B[V (z,y,e)] = E|Z+apj— |w+Bd+ B+ Y B (24)
i=1,2
Elu(z,y.e)] = E|w+Bud+Byp+ Y Birii| — Cle) (25)
i=1,2

Manager’s objective function given {8, By, 51, B2}, {€1,¢€2}, and effort e:

E |w+ By (e — 0157 — 013 + &) + B+ Y Biviei| — Cle) (26)
i=1.2

where the stock price p is as in Lemma (I} For g, + 3, > 0, the manager’s objective function is concave
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in y;, for ¢ = 1,2. The first-order condition (FOC) with respect to y; is:

Be (—20:y:) + By (-291'.% +ar (

2 2
= J”I . O¢ n
&&+Bﬂw<ﬁﬂﬁ&+o%ﬁn)l

@ . . — —_—
vi (EZ) Bx + /Bp 201'
2 2
</8i + 5;;%%) ei + By s2isl
= T EARERI (27)
/BJ: + Bp 20i

Given his contract, the manager will optimally exert high effort (e = €) if and only if:

E[u(z,y,e)le =e] — ce > E[u(x,y,e)le = €]
& w+ BE [e — 01yf — Ooy5 + Ele =€) + BE [E[Z]t = 1] + o/E [j|t = 1] |e =] + Biyie1 + Bayaca — ce

>w+ B, R [e — Gly% — szg + ézle = @] + BE [E [zt = 1] + afE [g|t = 1] ‘e = g] + Bry1e1 + Boyoes
2
z Ce

o
& +
Pz ﬁpo%Jrag_Efg

(28)

The fixed component of pay, w, is set to guarantee the manager’s participation for a given e € {e,e}

(before the manager observes {e1,e2}):

Elu(z,y,e)] = W
& w+t BE [e— iyl — 003 +&] + BEBle]l + ) BE[] = W+ Cle) (29)
i=1,2
Thus, equation can be rewritten as:
E[V(z,y,e)] = E |[(1—8,)(e— 01y — 0oy + &) + ap (yr +iya + &) — | w+ Bp+ Y Bim
i=1,2
= E [e — 0197 — O2y3 + & + ap (Tayr + fay2 + €y) — (W + C(e))] (30)

We derive the “first-best” outcome without an agency problem (i.e. the incentive constraint in equation

can be ignored and information is symmetric):

gllayéda le — 01yF — 025 + & + ap (1 + Toyz + &) — (W + C(e)) |e1, &2]

& max {e = 01y7 — 0253 + ap (E[f]e1] y1 + E [fo]ea] y2) — (W + Cle)) } (31)
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where

S 2 2 2
- - cov(7;, €;) - _ 9y _ 9y o _
E [ii;lei] = E 7] + V%) (o gl = i) = » 32
[ilei] ] + var(&;) " &) n_'_a%—i-ag(gl ) 0127+U€251+0727+U€277 (32)

The objective function is concave in y;, so that the first-best optimum is given by the FOC:

2 2
ap 1 o o _
il . 33
2 6; (U%+U§EZ+U%+U{?77> (33)

We now consider the second-best outcome with an agency problem. The objective function of the

y; (i) =

board can be written as:

E[V(z,y,e)]=e+E Z (=07 + apfiyi — (W + C(e))) (34)
=12

For given g; and y;, define:
Fleisyi) = =07 + apEliileily; (35)
The first and second derivatives with respect to y; are respectively:

fyEiy) = —20;y; + apElle] (36)

fyy(eiryi) = —20; (37)

For a given e, maximizing the objective function of the board is equivalent to maximizing;:

E|> flenv)| =), / / f(ei, yi)e(eilm)d(ni)deidn; (38)

i=1,2 i=1,27 7 V&
Thus, for a given effort e and a given ¢;, the value of y; that maximizes the board’s objective function is
the value of y; that maximizes the expression in equation . By definition of y;(¢;), for a given ¢;, the
function f(e;,y;) is maximized by setting y;(e;) = vy (¢;) for i = 1,2. The value of y; that maximizes the

board’s objective function is the value of y; that maximizes:

maxE | Y (f(ei9) = fleivi @) | = D EN(f(einwi) — fleiyi (€0)))] (39)

vi i=1,2 i=1,2
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The function f(e;,y;) is quadratic in y;. Therefore, for a given ¢;, a second-order Taylor expansion around

y¥(e;) is exact.

fleisyi) = f(az-,yi‘(ei))+fy(€i,y§‘(€i))(yz-—yf(az-))+%fyy(€i,y2‘(€i))(y¢—yf‘(ei))Q

= fleyi(e) + (20557 (e:) + aEliiles]) (yi — v () — 0i(ys — yi (€3))?

Thus:

& n
2 2°7 2 2
an+05 an+aE

—0;(yi(e:) — i (20))°
2 2
P N N Iy 9 - (o) (e
= 261<< yz (EZ)+ 2 01 <O’%+U?EZ+O’%+O’6277>> (yl(El) y’L (El))

_%(yi(fi) - yf(&‘))Q)

(7'2 (12
feisyi) — flenyi(er) = <—20iy;<(€i)+043< ! + = ))(%(Ei)—yf(&?z‘))

— o0 () )2
= —0; (vi(e:) — v (1)) (40)

where we used equations and to get the first and third equalities, respectively. l

Proof of Lemma [3] and Proposition
Plugging the optimal investment y; from equation in the optimization problem using Lemma

gives:

min 0;
ﬂmaﬁpaﬁi z:Z ! /7] /5

1,2 i

2
) Z 1 Bi Bpar > 0727 ( Bpar ) o
5:,%1;,1@ 12 91 /m x/eL ((653 6;0 (ﬁr 6;0 an U% + 0’? c 630 ﬂp a5 0127 + 0_?77 SD(S ‘77 )(b(n ) = ( )

2

0'2 0'2
i+ - o(eilni)d(ni)desdn;

0‘2 0'2
. P/ . e m
(/B’l + /BPOU o%-&-ag) g+ ,BpO[] 072]-&-0?77 ap 1 7
- 2 21 2 2
oy + 0¢ oy + o;

1

N =

i

Case 1. No nonnegativity constraints on contract parameters (Lemma (3)).

Without nonnegativity constraints on contracting, simply set 5; = 0 and Bi pfép =ap & [y = %—‘;‘I —

Bp, so that the expression under the integral sign in equation (41)) is zero for any ¢;. Since this expression
(a quadratic function) is nonnegative for any ¢;, achieving a value of zero for this expression at any ¢;

maximizes the objective function of the principal for a given effort, and it implies that y;(e;) = v} (&) Ve;
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(see equation (40)). To elicit high effort, use equation (28) to set:

02+02 €E—e e—e\ap o2+02

2 2 -1
Bty = e = (‘”+ % —1) (42)

Case 2. Nonnegativity constraints on contract parameters (Proposition [1f).
Conditional on 7;, the random variable &;, with PDF ¢(e;|n;), is normally distributed with mean 7;

and variance ag. Thus, fei gip(gi|mi)de; = n;. This implies:

/i /5 eip(€ilni)o(mi)deidn; = / (/E 6i<p(€¢!m)d8i> o(m;)dn; = /n nid(n)dn; = 7 (43)

Moreover, fsi e2p(eini)de; = E[E2|mi] = var(&i|m:) + (E[&i|ni])? = o2 + 2. This implies:

/ / 21 i) (s ey = / (02 +12) d(mi)ds = o2 + | Ro(m)dm = o2 + o2+ 7 (44)
Ui i n

i i

The expression in equation is globally convex with respect to §;. The FOC w.r.t. §; is:

1 2 Bi Bpor ) o ,
@Asﬁfwf<<&+@+<&+@ “ ﬁ+ﬁ>&

- < Pt _ aB) 073?7 e(eilni)d(ni)deidn; = 0
B + By o5 + o2

Bi Bpar & 2, 2, 22y _ Bpar ol 5
< Q%+ﬁp+<@f+@ ‘w> 3)G%+U”+")_<“B_ﬁw+%>a%+ﬁ"‘_O

,2 0_2
< Bz = (aB(/Bx + /Bp 610051 ( + 4 ) y (45)

02+0202+02+77 07274—02

where we used equations and .

We establish an intermediary result: when the nonnegativity constraint on ; does not bind,
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substituting for Bﬁﬁp in equation 1)

Zl// ap — Brr o Ui 4 &
z’:120i ni Jei Be + By o2+ 0202402 +7? 0+ o2
2
6p061 073 ﬁpal 052 _
+ —« & + — &i|m; dedn;
(2 o) s ) (5 o) o) wteimootaidea

— (a ~ Byar )2 o; ZQ//( Ua 8,_—>2 (ei|ns)d(n;)desdn;  (46)
C O\ e Ay et ) e

i=1,2

Start with the case ap < aj.
Supposing that the nonnegativity constraint on [; does not bind, the expression under the

integral sign in equation is positive and independent from the contract. It is minimized by

B;DOCI

Bx+Bp
Be = max{%—(;” — B,,0}. Substituting for 3, shows that the expression in equation is zero as

2
minimizing (ozB — > . With a nonnegativity constraint on [, this is achieved by setting

long as the nonnegativity constraint does not bind for j3,, i.e. %—‘;" > Bp, which with ap < ay is
true. This implies that y;(g;) = y; (g;) Ve; (see equation (40)).
Now supposing instead that the nonnegativity constraint on f; binds, i.e. 8; = 0, substituting

for ; in equation (41)):

2
1 ﬁpOé[ ) 0'2 ( Bpaj ) 0'2 _
— — —€i+ — EilMi Zd€zdl 47
29//<(5+6 o) srtaet (s~ o) o) otz (07

Also substituting for 3, shows that the expression under the integral sign of equation (47) is zero

for any ¢; as long as the nonnegativity constraint does not bind for 3., i.e. B 221 > f,, which with

ap < oy is always true. Since the expression in equation (47)) (a quadratic function) is nonnegative
for any ¢;, achieving a value of zero for this expression at any ¢; maximizes the objective function

of the principal for a given effort, and it implies that y;(e;) = yi(e;) Ve; (see equation (40))).
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Using these results and equation , expected social output when ag < ay is:

gl = E[2L (% o, % .
:Yi - 70_1 0'2—|-O'2€z 0_2+0_277 U

n T % n T Ye
2 2
_ agl Ty _2 2 e =2
B 29i(03]+ 3<77+ ")+03]+ 5277)
4
aB Ty )
= — 48

Using similar arguments, it is still possible to reach the first-best outcome by setting 3; = 0 and

Jros (14— )

Bty = = 0if ap < ay. This upper bound was derived by setting 3, = 0 and 3, =
Now consider the case ag > «a;. Then the nonnegativity constraint on (; does not bind,

ap—

using equation .

and the principal minimizes equation (46)) while eliciting effort. This is equivalent to maximizing

ap — ; Pfép subject to incentive compatibility, which yields 8, = 0. Thus, in this case, §5; > 0 in

equation , i.e. the nonnegativity constraint on 3; does not bind. From equation (27)):

R 1 57, 0 0'2 _
(<ﬂp+ +) (5re)a w)

+
= — + +Ck[ 8i—|—0q n
2Qi< 0203—1—0?7—1—7)2 ito 02+ o2 ol + o2

So that, also using equation ([7)):

E)-ue) = gp(an—an ST (e )
Yirgs) i es _2&‘%FLﬁ+ﬁ 2oy
= B -EWE)] = gplen-an 2o (st @)
Z’h>0,_/0'77+0'8 oz +o,+1

Proof of Proposition 2} see Online Appendix.

Proof of Proposition [3}
A preliminary step is to establish that the average ESG score is a sufficient statistic: see section

[E4 In particular, this implies that considering contracts based on the average score m; on each
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dimension i of SEP rather than on each individual score is WLOG. The average score is defined
as: m; = y;&; with & = % Zjvzl 55 Rewriting the manager’s objective function in equation 1)

accordingly gives:

arg max [E
€,Y1,Y2

w+ B, (6 — b1y; — 923/5) + Bpp + Z Bim;

i=1,2

51,52] — C(G) (50)

where the stock price p is as in section
For 3, + B, > 0, the manager’s objective function is concave in y;, for ¢ = 1,2. The FOC with
respect to y; is:

Br (—260:y;) + 5 20,y; + i 55+ /N _ + 5:£& =0
z (40l —aUiY; T o i i€ =
h)T e BT\ r o2 /NT T 21 02N

n

_ 0’% _ o2/N
Bi€i + Bpar (W& + mn) 1
< Y = PV

51‘ + Bp 202’
0'2 — 0'2/N _
_ (B + Bpour e ) &6+ By i (51)

Given his contract, the manager will optimally exert high effort (e =€) if and only if:

E [U(J}7y, €)|6 = E] —c 2k [u(m,y,e)|e = 2]
& w+ GE e —0y; —boys + Ele =€) + BE [E 2]t = 1] + yE [g]t = 1] |e = €] + Siyn&r + Boyads — ce

> w+ B,E [e — 01y — O3 + €xle = e] + BE [E[Z]t = 1] + o/ E [g]t = 1] ‘6 =¢] + Biyi1 + Baypds
2

o ¢
& B, - s 52
The fixed component of pay, w, is set to guarantee the manager’s participation for a given e € {e,€}:
Elu(z,y,e)le] = W
& w4+ BE [e—0yf — 005 + Ele] + BEPl] + Y BE[M] = W+ C(e) (53)

i=1,2
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Thus, the board’s objective function can be rewritten as:

E[V(z,y,e)] = E|(1-0,) (6 - 919% - 9293 + ga:) + ap (Tyr + T2ye + gy) - (w + Bpp + Z 51512)]

i=1,2

= Ele— 01y — Ooys + & + ap (Thys + ys + &) — (W + C(e)) €]

Following the same steps as in the proof of Proposition [T}, maximizing the board’s objective function

is equivalent to minimizing the expected quadratic distance between y;(&;) and y;(&;), where:

o? o%/N
E|nile:] = . i 1] 55
[71:]&:] PRy +02 peyidl (55)
wr— ap 1 0',27 _ 2/N _
(&) = —— i 56
i (&) 2 6; (0727—1—03/]\]6 +02+02/N (56)
This problem is:
% = o?/N =
/ / 11 61 (aar + ﬁpaf)m) & + (o + 5pa1)m7l
min
/Bz /Bp /Bz -1 2 ni JE&; Bw + Bp
ap+oay 1 0727 oZ/N _ _
- o il i) dEsdn);
2 0; <02—|—02/N - o2+ 2/N p(&iln:) o () deidn
. /Bpal ) 072] > _
= min S 57+ | i
BzaﬁpvﬁzA 12/77'1 /Ez ((/8$+/8p < +,8p O-%_’_O-g/N
/Bpal 2/N
+ | ——« o (&5|mi)d(n;)dadn; 57
(555 e 02+02/N (Em)om) ey o7

We have:

/m /E Eip(&ilni)o(ni)desdn; = / (/ 51g0(52|771)d51) o (n;)dn; = /77 nip(n:)dn; = 7 (58)

Moreover, [ & ¢(&|n;)dé; = E[Z}|mi] = var(&iln;) + (E[Ei|n])? = 02/N + n7. This implies:

(54)

//5?90<5_i’772')¢(77i)d§id77i:/ (02/N +17) ¢(m)dm=03/N+/ ni¢(ni)dn; = o2 /N + op + i (59)
i v &4

i i
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The expression in equation is globally convex with respect to ;. The FOC w.r.t. ; is:

Bi 5})05[ 02 2 /s _
<5$ + B, + (Ba: + 8, B O‘B) m) / / 5i¢(8i|ﬁi)¢(7li)d€idm
B oZ/N
(oo 220 220 | et
N

ﬁz ( ﬂpal ) ( 2 77 U77 )
= — + 60
55 \" 545 )\G NNt a T avaN) (O

2

Substituting in equation gives:

(oo 55 o S (et 1)
- - & — EiMi i d&zd i 61

The expression under the integral sign is positive and independent from the contract. The expres-

Bpal

ﬁa:"’ﬁp
on (3, this is achieved by setting 3, = max{% — B,,0}. As above, for ap < a;, we have §, > 0,

2
sion in equation 1} is minimized by minimizing (a B — > . With a nonnegativity constraint

Be > 0, B; as defined as in equation is equal to zero, and investment in dimension ¢ of SEP is:

o2 ~ o2/N
@ = (o FGn) 1 s (L oy
i\&i) = - <
vil By + B, 20, 2 0, \02+02/N ' oZ+aZ/N"

which is the same as y; as defined in equation . Moreover, expected social output when

ap < oy is:
s (T Bl + ) 1 an (b o)
= Be+ By 20, ~ 26, \ o2+ 02/N "
In the limit:
ap
Jim B[7ig;] = 2, (7* +a7)
For ag > oy, we have 3, = 0, and to elicit high effort, use equation to set:
. ¢ c. 2
= & = 1 63
Bp02—|—02 e—e¢ g é—g( +02) (63)
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In this case, 8; > 0 and is defined as in equation . Substituting for 8, and £, in equation (60)),

in this case we have:

B = (ap —ay) - (HU?)( oz/N U Lo ) (64)

e—e\  02)\o2+02/No?/N+o2+iP  ol+02/N

In the case agp > ay, substituting for §; in equation (51)):

2 2 _2 2 2 2
_ Co L o- /N 7] %y = O = ol/N =
1 (ap —ar) g (1 + ag) <ag+ag/N sZNtozTi T atoz/w ) €t Bpour \GronEi t Griaz/N

yi(&i) =

Substituting for 3, and ,, investment in dimension ¢ of SEP is:

yi(ei)=i<(a3—oq)( oe/N Ui P >5i

20, o2+ 02/NoZ/N+o2+n* o2+02/N

+a 03’ & + UE/N n
! o2+ 02/N" 03]4—03/]\777

In the limit: limy_o (vi(£:) — 4} (£:)) = 0, as defined in equation (56). Moreover, expected social

output when ag > aj is:

Efid] = i(m—m)( o:/N T % )E[ﬁié}

20, o2+ 02/No2/N+o2+0? ol+02/N
2

T - = oZ/N
tor (ag TN e + o2+ 02N ul

= i ((aB — ay) ( 0/ i + 7 ) (7 +02)

0,27 + J?/NU?/N‘FO’% + 7 UZ +02/N

2 o 2
_ n
+ar (77 + —U% n UE/N(T")

In the limit:

lim E[f5,] = - (e —ar) (7 +07) +ar (7 +03)) = % (7* +a7)

Proof of Proposition [4: see Online Appendix.
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E Stock price

This section derives the stock price in different settings. It also analyzes the portfolio opti-
mization problem of socially conscious investors with “warm-glow” preferences which can be used
to microfound the stock price function postulated in equation (4)).

Assume that investors can invest their wealth either at the riskfree rate, which is zero for sim-
plicity, or in the firm’s stock. They are risk neutral, and they have preferences over the firm’s cash
flows and its social output: they assign a weight of a; > 0 to the firm’s social output relative to
its cash flows ] As further discussed in section [C] below, this can be for several reasons: commit-
ting to being socially responsible can be useful for hiring or funding purposes; the board might
internalize the future penalties that the firm might incur for the externalities that it generates; or
it might simply act in the best interests of shareholders who are themselves socially responsible.
They trade at ¢t = 1 after observing the financial report z, social investments {y;, >}, and SEP

measures. The firm’s stock price is set by market clearing.

E.1 Stock price determination

First, we consider stock price determination when investors observe the firm’s social invest-
ments, {y1,y2}, and the financial report z. Note that all investors have the same information
and therefore do not learn from the stock price. A risk neutral price-taking investor chooses the

quantity ¢ of stock to buy to maximize:
B[z + ary —qplz] = ¢ (E[Z]z] + s E [glz2]) — qp (65)
where the third equality relies on the normal distribution assumption. For v € {x,y}, define:

25This is the simplest specification of investors’ social preferences. If investors have heterogeneous social pref-
erences, the parameter «; is the social weight of the marginal investor. The marginal investor, who is indifferent
between buying the stock or not, is such that the stock market clears (i.e. total investor demand equals supply),
see Bucourt and Inostroza (2023). Note that, in this type of model, there must be constraints on portfolio choice
for the stock market to clear, for example a short-selling constraint and a borrowing constraint.
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where w denotes the set of performance measures observable at ¢ = 1. Maximizing the expression
in equation (65)) with respect to ¢ shows that the only stock price compatible with market clearing

for the firm stock is:
p:E[:ﬂZ] + a/E [?ﬂz] :/~L:v|2+al/~by|z (67>

where ji,, and p,|. are respectively as in equations and below. The stock price p is linear
in the report z: for two constants a and b, we can write p=a +b X z

Second, we consider stock price determination when investors observe measures m; and mso
of the firm’s SEP (a similar reasoning applies when investors observe a set of measures on each
dimension of SEP instead; for brevity, we only refer to the baseline case). Let m = {my, ma}. As
above, when all investors have the same information and therefore do not learn from the stock

price, the only market clearing stock price is:

P = Hz|zm + A1 hy|zm (68)

where, with one set of ESG scores, iy, and ., are described respectively in equations
and (75). The cases with additional sets of ESG scores are analyzed in sections (E.4) and (E.5).
The following subsections analyze how investors update their beliefs after observing the signal

z and ESG scores, depending on the availability of ESG scores.

E.2 No ESG scores

The manager is compensated with a fixed wage and stock price-based compensation, with a
linear contract with a sensitivity 3, of the manager’s compensation to the stock price. Investors
believe that the manager exerts some effort é. Consider the perspective of the manager at the time

(t = 0) of choosing y; and ys given his knowledge of {1, n:}:

Elu(z,y,e)] = Elw+ B,p— C(e)]

= B (e — 0197 — 025 + ar (E[in [ I]yy + K[| I]ys)) +w — C(e) (69)
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where we used E[Z] = é+6,y?+605y3 since investors observe {y;, 42}, and E[é|e = €] = €. Optimizing
from equation (69) with respect to y; taking the manager’s contract as given, the manager will
choose y; such that:

7] 1]

By (=201y; + arE[f|1]) =0 & yi=oay 50,

(70)

Without ESG scores, investors only observe y; on each dimension i of SEP whereas the manager
knows ¢; and might use this knowledge when choosing y;. Accordingly, let investors update their
beliefs such that E[n;|I] = E[n;|y;] = f(y;) for a given function f. Equation then gives:

Yi = %f (ey) This shows that, for any f, the optimal y; chosen by the manager does not depend

on ;. Thus, y; is independent from ¢; in equilibrium, i.e. E[7;|y;] is a constant which does not
depend on the manager’s actions. This implies: E[7;|y;] = E[#};] = 7, so that, using equation ([70):
Yi = %gl Thus, the stock price is defined by:

fe = €—E[0177 + 0273) (71)
. cov(Z,T) -
o = Bla]+ 22 (g
2
N (o) ~
= € — Qlyf — ngg + O'% T 0_3 (Z — e+ 91yf + 923;%) (72)
Wyl = Elmin|y] +E[Rgely] + EE] = nay1 + ny2 (73)

Thus, without ESG scores, a manager with stock price-based incentives does not implement social
investments contingent on ¢;. The reason is that the level of social investment on dimension 7 that
is optimal from the manager’s perspective only depends on investors’ beliefs about 7; and on the
cost of social and environmental investments, ;. Regardless of how investors update their beliefs

when they observe y;, this level of social investment is independent from ¢;.

E.3 One set of ESG scores

We consider the equilibrium in which the board delegates the social investment decision to the
firm’s manager. Investors believe that the manager exerts some effort é. With one set of ESG

scores, investors update their beliefs about the firm’s technology for social output after observing
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ESG scores as follows:

cov(Z,T)

= Elz — E[z
Hz|zm [.T] + var(%) (Z [ZD
2
A Oy A
= & —01y; + Oys + o2 4 o (z — e+ 0197 + 0213) (74)

Hylz;m = E mlgl + ﬁ2g2 + gy‘zv m}

= yE [ima, y1] + 2 [72|me, yo] (75)
where:
E [fdmoy] = Elile] =Bl + B8 pep_nr o ()
i1, Yi] = i|€i] = i) T~ & — i) = i
" Y 1 1 var (&) 7 op +o? "

Substituting into equation :

o? o2
_ = n - _ n -
Hylzan = Y1 (77 Tt o (e1— 77)) + Y2 (n g (e - n))
2

2 2
2+ 2402
2 2 2
g o o g
n € n € =
= + 7
oZtoz gz 2T g g T e (77)

E.4 N sets of ESG scores with i.i.d. noise terms

As above, we consider the equilibrium in which the board delegates the social investment
decision to the firm’s manager. As in the baseline model, the distribution of ESG scores 7 on
dimension i is centered on 7;y; such that m! ~ N (n;y;, 02). Denoting {J ~ N(0,02), for any score
j on dimension ¢ we can decompose the score as fnf =y (n; + éf ), where the superscript j indicates
that the noise term 51] is different for each rating j. With N ESG scores on each ESG dimension

i whose noise terms are i.i.d., the average score is a sufficient statistic for the mean | Define:

1 N
m; = Nme (78)
J=1
26This is a standard application of the factorization theorem. For a source, see

https://www.math.arizona.edu/~tgk /466 /sufficient.pdf.


https://www.math.arizona.edu/~tgk/466/sufficient.pdf

We have:

N N
Z <7h' + 53) = NiYi + % Z ¢ (79)
=1 j=1

ZIH

1 N
N2
7j=1

where the random variable + Z i1 CJ is normally distributed with the following mean and variance:

N XN N
> ] = ~>E[d] =0 (80)
j=1 =1
1 o 5 1 & . 1,
Ay 2d) = v (@) = 3o (B
j=1
where we used the i.i.d. assumption about the noise terms. Therefore, the unconditional variance
of m;/y; is:

L,

var (m;/y;) = U,ﬁ—ﬁag (82)

Investors update their beliefs about the firm’s technology for social output after observing ESG

scores as follows:

. cov(Z,T) -
z|zym T E R —E
pen = BfE]+ ) (o~ EL2)
2
= é— Glyf + Ggyg + (Z —é+ (91y1 + 921/2) (83>
fylzon = B[ + 0202 + €y|Z, m] = Y E [f1|m1, y1] + 42E [72|ma, yo (84)

Moreover, for any i € {1,2}:

2

o cov (T, i) _ Ty _ _
E [7:|mi] = E [7:] + W (mi/yi — Elmi/yi]) = 7 + m (mi/y; — 1) (85)

Substituting into equation (84]):

o2 o2
= = n + —n n —77 - . m
Hylzm h <77 (7% + o02/N (/= >) Y2 (77 03] +02/N (m2/yo ?7>>

2 2 2 2
o, _ /N ~ o, - o?/N
_ T _ gl 86
2o N T 2 N T g N T g g2 N (86)
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E.5 Two sets of ESG scores with correlated noise terms

As above, we consider the equilibrium in which the board delegates the social investment
decision to the firm’s manager. Assume that there are two ESG scores on each SEP dimension %
with the following distributions conditional on n;: &} ~ N (n;, 0612.2), &2 ~ N(n;, 0?;). As above, let
53 ~ N(0, (ng); for any score j on dimension 4, we can decompose the score as mg =y + EZ] ) or
equivalently as ég =1+ 5{ , where the superscript j indicates that the noise term éj is different for
each score j. Moreover, let the correlation coefficient between 52-1 and @2 be denoted by p € (—1,1).
The unconditional distribution of ég is given by é{ =1+ C? .

Bayesian updating by investors is similar to equations —, albeit with changes in nota-
12

g7} on each

tions that reflect changes in the relevant information set (now investors observe {g;,€;
dimension i, as opposed to m;). The important change in this subsection is the conditional dis-

1,2}, To alleviate notations in the calculations that

tribution of 7; after the observations of {¢;,¢;

follow, we henceforth omit the subscript i and denote the latter set of variables as {e1,e2}. The
variables {7, €1, &2} follow a multivariate normal distribution with mean vector g and covariance

matrix X such that{Z]

E[7] 7
~ Y X
Bn = E[€1] =171 Y= (87)
B ~ o1 Yo
E[&,] U]

where

) var (1)  cov (€1, €2)
Y =wvar (), 2= <cov (1,€1) cov (ﬁ,ég)) , By =37, Zp-= 1 v

cov (€9,€1)  war (&)
0727 + 031 0,2] + pO:,0c,

2 T
=  XYn=o0, Yp= <02 O'2> , g = 3y, Mg =
o 24 2 4 452
o, +po, 0, o, +0og,

The posterior distribution of 77 after observing {1, £} is normal with mean:

27 A source for the following formulas can be found at: https://online.stat.psu.edu/stat505/lesson/6/6.1.
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Elfler,e0] = 7+ Z1255

€1 —1

€ — 1

2 2
o, toz,

2
—In"P9e19e9

2

= 77_|_<02 02) 7,

2
“ Iy TP 0ey

oL, 08, 0L, o3 (o8, ToF, Bpoc0ey) O

2 252 52 2(52 2
£10ey 7 P702102, +U7y(081 +052 _290—510—52)

2, 2
ontoe,

2
0'510'

O-% (O-gg — POg 082)

2 252 2 2 2 2 2 2 252 2 2 2 2
52*P 051052+0n(051+0€272p051052) 0’51(7 —-p 0510€2+U7](051+O’€272p0510’€2)

€2

2 52 _ 252
0-810—62 pO—E

g

%(031 — POey 052)

2 2( 52 2 _
02, + 0202 + 02, — 2po, 0.,

2 42 _ 5242
081052 pog

and variance:

Tnler,e2

10-E

2 2 2 2 _
2 + 0-77<O-51 + 082 2p0-€10-52

2 -1
0'77 — 212222 221

) (g1 —1)

) (52 _77)

4 ( 2 2
2 Ty (061 o5, — 2,0051052)
n 22 2 2 2 2 _ 2.2 -2 _ 2
0,0z, + 0,0z, + 0202, — pPoz og, 2p0,70€10€2
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Online Appendix

Executive Compensation with Social and Environmental Performance

1 Additional proofs

Proof of Proposition [2}

The objective function of the board now rewrites as:

E|&+ ) apig - (w + B+ B+ D 5imi>]

i=1,2 i=1,2

E[V(z,y,e)] =

(90)

The first part of the proof involves straightforward notational adjustments to the proof of Propo-

sition . Equation rewrites as:

min 1 // (2 (Wf o) % ):
Bosboibs 0i % S Je, Bx+6p Bot By P)oZ+02)"

) 2
B i ol _
+( PTL g 571 | w(eiln:)¢(ni)deidn;

Bz + By o2+ 02

This expression is globally convex with respect to 5;. As above, the FOC w.r.t. §; is:

2 ' Bi Bpot i 0727 )
/ Eiﬁﬁﬂf’((ﬁﬁﬁp*(ﬁﬁﬁp O‘B) oy +az)”

ﬁpa% i 0’? _ B
+ (Bz + 5;0 Ap 0.727 + 0.277 90(51|771)¢(771)d€zd772 =0

— 2
o B :< o2 "o o )(a%— By )
Bet+ By \0Z+0202+02+7P  02+0? B: + By

(91)

(92)

Given the nonnegativity constraint and the global convexity of the objective function with respect
to (;, there are two cases. If equation gives a positive ; given the optimal values of [,
and 3, derived below, then the optimum is 37 = f3; as in equation . If equation gives a

nonpositive f;, then the optimum is 3] = 0.

Define:
ag o2 2
/ / <02+025i+ o2 +0277> p(€iln:)d(m:)deidn;

2
9i 0-2 —|—O’2 / / (0-2 +0-2 _|_n Tl) ¢(€Z|nz)¢(nz> E; Uz

Vi



Both v; and g; are strictly positive. Since the distribution of 7; is independent from ¢, and the
distribution of &; conditional on 7); is independent from i, the variables 7; and g¢; are independent
from ¢ and independent from the contract. Let I'; = ~; if the nonnegativity constraint on f; is
binding, and I'; = g; if the nonnegativity constraint on f; is nonbinding.

There are three cases.

Case 1. We conjecture that 8; > 0 for i = 1,2, so that I'; = ¢; for « = 1,2. Substituting for g;
in equation , the optimization problem is:

B N
min I ( P o) — o/B) (95)

where I'; = ¢; in case 1 (we henceforth keep the I'; notation because we will refer to equations

below for cases other than case 1). This is a sum weighted by I'; of the quadratic distance between

Bp
Ba+PBp
same dimension of SEP. For a given (3, this is equivalent to choosing:

the board’s preference for dimension ¢ of SEP, and a fraction of investors’ preference for

min S7ri (ol - Bay)” st B<1 (96)

i=1,2

Denote by 6 > 0 the Lagrange multiplier associated with the constraint. The Lagrangian is:

L=3"T;(ak—Bai)’ +8(5 1) (97)

i=1,2

The FOC with respect to f is:

i i
D1 lidgop — 0

_2121,2 Liaj (a —Baf)+06=0 < pB= SN (98)
where 6 > 0 if and only if:
> Tiaf (g —a}) >0 (99)
i=1,2
For 6 > 0, because of the complementary slackness condition we have § =1 & 6;1”517 =1 &

Bz = 0. The value of 8, is determined according to incentive compatibility with respect to the

manager’s effort. Substituting in equation ([28]):

2 2
Bygt =" & p=-" <1+2) (100)

2 2 -
o;+o; €e—¢ e—e



For ¢ = 0, the FOC rewrites as:

S . _Tatad - Fiaﬂ
> liad (af — Bai) =0 ﬁ:z’—“ LN szﬁp< iz L0t —1> (101)

P2 A A
i=1,2 Zi:1,2 Liag Zi=1,2 Liajag

This equation gives the optimal value of [, as long as this value is nonnegative, so that the
nonnegativity constraint is nonbinding (i.e. 6 = 0). The value of 3, is determined according to

incentive compatibility with respect to the manager’s effort. Substituting in equation ([28)):

i= Fz'OéiQ o2 Ce
Bp(z_m 1_1>+5p s

Zi:1,2 Iiajal

. FZ‘Oéiz 2
o 8= _Ce / szl,Q T i Oz (102)
e—¢ > i1 Licop 03 + 02

Finally, we verify the conjecture that 5; > 0 for ¢« = 1,2, by plugging 3, and /3, thus derived into
equation (92). If the conjecture is verified, the algorithm stops. Otherwise we move to case 2
below.

Case 2. We conjecture that 5, > 0 and 8, = 0 if z—}f > 2—2’5, in which case I'y = ¢g; and 'y = 7,
and ; = 0 and pBy > 0 otherwise, in which case I'y I: Y Iand 'y = go. The proof follows the
same steps as in case 1 above except for the different values of I';. If the conjecture is verified, the
algorithm stops. Otherwise we move to case 3 below.

Case 3. We conjecture that g; = 0 for ¢ = 1,2, so that I'; = 7; for « = 1,2. The proof follows
the same steps as in case 1 above except for the different values of I';.

We now rely on this algorithm to establish the four points of Proposition [2]

(i) If o’y > af for i = 1,2, then f3; is as in equation such that 8; > 0 for i = 1,2 even
without the nonnegativity constraint, i.e. this constraint does not bind. As a result, we have
['; = g; for t = 1,2 and case 1 as described above is relevant. Moreover, with o’y > af for i = 1,2,
the inequality in equation holds, so that 3, = 0, and 3, is as in equation ({100)).

(i) If oy < o for i = 1,2, the inequality in equation does not hold, so that 8, > 0, and f3,
is as in equation . Given these values of 3, and f3,, §; is as in equation if the expression
is positive, and zero otherwise.

(iii) If a% = ay for i = 1,2, ap < a; < a% with of sufficiently large and % sufficiently close
to 1, the inequality in equation does not hold:

Z Tuak (o/fg — o/}”) =aqay Z I'y (a% — oq) <0,

k=1,2 k=1,2

so that 8, > 0, and 3, is as in equation (102). With a}; < a; < o% such that 2 is sufficiently

ap

o . . S Iai?

large and —£ is sufficiently close to 1, we have =21
ar Zi:l,Q Diajay

> 1, ie. B, > 0. With a% > a; and



Bz > 0, which implies § < 1, we have § > 0. Using equation (101):

i Po

2k k

a i Zk:l,g FkOéIOéB i Zk:LQ PkaB
5 —

Be + By

ab = aly — Bay = aly — =Qp - = 103
! 5= Po b Zk:l,Q Ipaf b Zk:l,Q Ly (103)

By contradiction, suppose that 5; > 0 so that I'y = I'y = I'. Then, substituting in equation ({103]):

k 1 2 1 2
1 By 1 1 Zk’:m Tag 1 ap+ap Qp—Qap

ag — O =Qg — —— "= = Qg — = <0,
R D DA 7 2 2

so that from equation (92)) we would have §; < 0, a contradiction. Thus, 5; = 0.

(iv) If o'y is sufficiently large and o' > 0, then f3; is as in equation such that 3; > 0 even
without the nonnegativity constraint, i.e. this constraint does not bind for 3;, and we have I'; = g;.
Moreover, when o’y is sufficiently large and o} > 0, the inequality in equation holds:

Z Ipak (o/fB — o/}) > gial (O/B — o/l) — Fjaf >0
k=1,2

Thus, 8, =0, and 5, is as in equation (100)). H

Proof of Proposition [}

Rewriting the manager’s objective function in the case with two sets of ESG scores gives:

arg max [
€,Y1,Y2

wt By (e = 01y7 — 02y3) + Bub+ D Y ﬁfmf] —C(e) (104)

i=1,2 k=1,2

where the stock price p is as in section
For 3, + B, > 0, the manager’s objective function is concave in y;, for ¢ = 1,2. The FOC with
respect to y; is (for j # k):

202

_ g (Uej - pUEkJ€j) _
Be (—205yi) + —2Bp0iy; + 1By (77+ Y = = (eF —Tl)) + > Bref=0

— 252 2 2( ;2 2 _
W 0808, p?o2 02 +op(02, + 02 —2po.,0c)) R

U?](Ugj 7PUEkUEj) k

| L2 BiE el (77 + Xke12 3757 P o7 1R T ey (O 77))
% T p

< Y

Given his contract, the manager will optimally exert high effort (e = €) if and only if equation

is satisfied. The fixed component of pay, w, is set to guarantee the manager’s participation



for a given e € {e,e}:

I
=

Elu(x,y, e)|e]
& w+BE[e— 0yt — 0oy} +le] + BERle + > Y BFE[m])

i=1,2 k=1,2

W+ C(e) (106)
Thus, the board’s objective function can be rewritten as:

E[V(z,y,e)] = E|(1-5) (e — 0193 — ngg + év) +ap (My1 + May2 + &) — (w + Bpp + Z Z @kmf)]
i=1,2 k=1,2

= Ele—01yi — 0203 + & + ap (y + 2y2 + &) — (W + Cle))] (107)

Following the same steps as in the proof of Proposition [I} maximizing the board’s objective func-

tion is equivalent to minimizing the expected quadratic distance between y;(e}, €?) and y; (e}, ?),

1771 19 %1
where:
2 2
E[7:lel 21 = 7 O-n(gsj_po-ako-aj) i ~
[772‘|5¢>€J =T 202 —p?02 02 +02(02 + 02 —2po., 0 )(82 _77)
k=1,2 ¢k & P €k Ej n\~eg €; PO¢, €;

2( 42
. ag 1l [ _ o (06]_ — po.,0:.) )
Yi (5%75?) = 70_ (7]+ Z o2 D) 772 = ) (65: _77)) (108>

2 _ 2 2( 2 2 _
1 02,02, — PPl +05(02, + 02, — 2po., o,

This problem is:

. 1 Pred+aby (;’ + a?kofj—p2a§ﬁ(‘;’j§+j;3,p<fziﬁgj—2paekas,.> (7 ~ 77))
52 B EEQ k§2 /,7 /k (201- Ba + By
~ B 2
= (Z o2 oL = p%;jz(ai a,%?;ia)? o) G ")> ) lec|m) ()
2/ 2 ‘
Bln%lnﬂk 1,:21;2 %9% k§2 /m /sf < (»@cﬁfﬂp - (5jf%p - a3> 02,02 — p%?j(:g(ji Ugé’;’g: f;)gj - 2p05k05j)> el
+ (5220 — ) (; - T pzafjﬁi ;%f;ia)z — pagk%)) 77> T (109)

The expression in equation ((109) is globally convex with respect to 3F. The FOC w.r.t. 8F is:



11 / / 2 ok Bk n ( arfBp N > 03,(0?7_ — 0=, 0¢;) y
- i — B 7
20; J,, Jer B+ Bp Bz + Bp Bz + Bp 02 02 —p*ol o2 +oi(02 +02 —2po.0.;)

2/ 2
CYI/Bp _ OéB) (1 Un(o'esj pUakUEj) )) 77) @(5§|ni)¢(ni)d5§dni -0

T2 2 _ 2.2 2 2( 2 2 _
2 Uskaaj p Uakaaj + Un(aek + Usj 2p06k05j

sz < O‘Iﬂp ) 0-1% (02 — PO¢, Uaj) / / L2 k k
+ —ap : e (e ;) p(n; ) de? dn;
(530 +B8 \Bzt5p 02,02 — pPo2 02 + o202 + 02, —2poc,0c,) ) Sy S Pl ) @) de; dry

2( .2
arfBp 1 Un(gg,- — PO, 0c;) ,/ / k [k k
= —_ — — J A A . . d d .
(aB 6m+6p> (2 7207~ Po%02 1 o¥(oF, T of —Zprar)) s ; ei (i mi) o (ns)de; dn;

Ek T Ej5 Ek €5

2

2
sz _ <O[B _ a[ﬁp ) 1 772 + Jn(oej - pUEkUEj) (1 - 772 ) (110)
5$+Bp /BI +ﬁp Qng +0-'r2]+772 O—gko-g] —nggkagj +0’%(0’gk +0§J _2/)0—5160-5]) O-gk +072] +ﬁ2

U%(Ugj 7p0'5k0'€j)

2 52 — 202 o2 +02(02 2
02,02, —p?0Z, 02 +o3 (O’Ek +U€j_2p05k05j)

as in equation ((110)):
arfBy 1 UN ( UN ))
ap — - +2 (15—
2/,7/ ((( o Bgﬁ-ﬂp) (2U§k+0727+772 T o2 vzt

2
arBp _ k orBp B 1 - . o
+ (ﬂx + B aB> Ek) g + (5x s Oz3> (2 Ek) 77) w(efn:)p(n;)des dn;

Letting > = and substituting in equation (109) when 3F is

. 11
min 30 55 >
i=1,2 k=1,

2 ~2 ~2
n (oo 52%) T3 2 [ [ ((Gast (- ) =)
& min (ap — —— 4 N (1 - ———= ) )| =%k | &
B‘”’ﬁp( 7 Bo + By i§229ik§2 i J el 202, +op + 17 * o2, +on+i *
1 2
—~ (2 —~ Ek> n) Q(eF i) p(mi)def dn; (111)

The expression under the integral signs in equation (111]) is positive and independent from the

2
contract. The expression in equation (111)) is minimized by minimizing (aB — ;"fg ) . This is
=T Pp

achieved as in the proof of Proposition (1]

Substituting in equation (105) when ap < a; so that 8F = 0:

0-2(0-2 — PO¢, O ) 1
1 2 = n g5 €k Ej k B
yile;,ei) = ap |+ )| =
k:ZI,Q O-gko-g] B '020-3160-52]' + O-%(O'gk + O-g]- - 2po-€ko-6j) ( ) 29’&
1
_ _ k _
= ap|n+ Y (e —n) TR (112)



which is as in equation (108]). In this case, expected social output on dimension i is:

-~ ~ ap ~ = ~ ~ 1 =
E[ni:] = 20, (E 7+ ) S (B [:€f] — E [ n))
¢ k=1,2
2(,2
ap —2 0'77(0'6]_ - Pgakgaj) 9 9
= o5 |\ T o-+o
20; ( k;ZI,Q agkagj — p%gkagj +02(02 + ggj —2p0.,0.,) ( n Ek)
For p = —1:
2,2
= aB —2 gn(aaj + OEkJSj) 2 2
Elng) = — + 21
=, (n kzlz 02 02 — 02 02 +02(02 + 02 +20.,0)) (7% 2)

_ 9B [ _ %5 (22
S LI CIE)
k=1,2 J

2 2
_ aB =2 2 Oey0¢ + O0¢, 0,
= 2—01<77 + 0, + : 2), (113)

which is larger than in equation (48)) (the case with one ESG score per dimension) for any parameter
values. Moreover, E [#;7;] is continuous in p, so that the result about p in Proposition 4| when

ap < aj holds by a continuity argument. As g9 — 0:

o~ ap ,_

which is larger than in equation for any parameter values. Moreover, E [7;7;] is continuous in

09, so that the result about o9 in Proposition 4] when ap < a; holds by a continuity argument.

We have:

20,2
B 002, — poz,0e;)
2 52 _ 252 o2 2052 2 _
dp o2 o2 —p*o2 02 +op(02, + 02 —2p0.,0c;)

2 2 2 2.2 2 2 2 2 2 2 2 2 2
—0,0¢,0¢; (OEkUEj —P70g,0¢; + On(aak + Oc; — 2p0€k0-5j)) - 0'77(0'6]_ - paEkUEj) <_2p0-5k0-8j - 20-170-5k0-8j))

2
2 52 _ 2452 52 2(~2 2 _
(O.Eka-f;‘j p Uako'aj + Un(aek + UEj 2pa€kafj)>
2 2 2 2 2 2 2 2 202 2 2 2. .2 2
_angechEj (Uskgsj -p Uekaaj + 0n0€k> + Un(aej - paﬁkaﬁj)2p06k0€j + UnO'EjO'nUEkO'Ej
- (114)
2 52 252 52 2(~2 2 2
(Ueko-aj — PT0g, 0%, + Un(aek + Ot — 2p05k05j))

The sign of the derivative is the same as the numerator’s on the RHS of the equation. For

p € (—1,0), the numerator is negative.



For p = 0:

2 2
- ap 72 O’O’ 40?2 n0c,02,
Elnyl = - +
5] 20 k:;2 oz 02 +02(a2 +02)
4 2 2
ag | _ o, +0,0;
= T
' k=12 g2 + o2 (U;k+1)
S

Substituting in equation ((105) when S is as in equation (110) and ap > a; so that 3, = 0:

1 Bpar 1 UK ( 7 )) Bpar | _ _
1’ 2 - _ P - » 1— k p )y k _
yi(e,€l) 2, (2132 (aB ﬂz—kﬂp) (203k+0?7+n2 + 3k 2 T R L > Sk(ef—n)

k=1,2
1 6[)0‘1 1 7_72 772 k ﬁpal 77
- — S (15— _
20ik;2<(a3 Bw‘i‘ﬁp) (2‘72 +0'2+77 M (72 +0'2+77 = +Bz+ﬁp< +Ek‘(€ 77))

In this case, expected social output on dimension 7 is:

~ ~ i Bpal 1 772 772 ~ ~
¥ ﬂfffﬁp (” 5, (B [3] - 172)) )

1 Bpaur 1 UK UK ) 2 2
- _ et D (1 - 55—
29ik:12((a3 ﬁx+5p) (202 +o2+17? * 2k o2 +o3+ 1P (77 +U77+06’“)

5 =)
+ -+ X +o.+o —
For p = —1:
_ 1 Bpour 1 N 0. ( Uk ) _
E Y = — ap — P - + k l1l-— 2+02+02
[T’ y] 297' k’;Q ( ( N BI + ﬁp) (20§k + 0-»,2] + ’Flz Oy + 0¢y ng + 0’% + 77]2 (n " sk)

Byar <772 Oey, ) 2 2 ) ) )
+ 2 (Pt o+l —
5\ 2 T ton (7" + oy + 0z, —177")
1 Bpaur ) ) 2 Oy, 2 Byar ) 2 Oy, 2
= — ap — n +o,+ — 0, n+o,+ —0
20, ( ( B+ By K kE];Q Oey + 0, ﬂx + 5, K kE];Q Ocy + 0

which is larger than in equation . 48| for any parameter values. Moreover, E [7;;] is continuous in

P, SO that the result about P in PrOpOSltlon when oap > Ppa I hOldS by a COHtlnLUty argument.
Bzt g
As g9 — 0:




. 1 Boar 2 7?2 )
iE i Yi — —_ p [ 2 2 2
i 29((@3 ﬁx+ﬁp) (02 + 02 + i - 02 + 02 + ip? (7 + 03+ 02)

ﬂpal 9 | 2 2 2 ) )
+n +o, o —
Y5 E (7 +7° + oo+ 02, —1)
1 Bparr 9 | 2 2 2 2 Bpar 5 2 2 2
= % ((aB 5z+ﬁp) (1 +7° + 0.+ 02, — i) + 5z+ﬁp(n +7’ + o, + 02, — i)
aB
- Bt

which is larger than in equation for any parameter values. Moreover, E [7;7;] is continuous in

Bpal
Bz+Bp

09, so that the result about oy in Proposition 4{ when ap < holds by a continuity argument.

2 Case with two imperfectly correlated sets of ESG scores

For simplicity, we study the case without stock price-based compensation (8, = 0) and no
intrinsic managerial preference for social responsibility (ay; = 0).
Rewriting the manager’s objective function when there are two sets of ESG scores gives:

arg max E [w + B, (e — 61y} — 0293) + Symy + Bimi + Bymy + Bym3] — C(e) (115)

€,Y1,Y2

The first-order conditions with respect to y; and y, are:

11 5151 ﬁlgl

— n kBN B 11
. 291 ﬁx ( 6)
11 Bye; + B3€3
- 11
vz 292 Bx ( 7>

Incentive compatibility with respect to effort e is achieved as in equation (28) with 3, = 0, which

requires (3, > =. Setting w so that the manager is at his reservation utihty at the contracting

m



phase, the board’s objective function at the contracting phase can be rewritten as:

g (LLBE BN (11 mE RN
291 ﬁz 291 Boc

11 Bié] + piel 11 Bel +5252
+1 = g (g g AT g, LSS ) - (e
| BUE [&7] + 87E [7'] + 261 B2E ele3)
46, 32
| BVE &) + BE || + 28 8E 6123)
46, 32
1 BiE [inél] + BiE [iéd] 1 BIE [7:63] + B3E [1263)] =
—i—(l—ﬁx)oé(ﬁl 1ﬁx1 1+2_622 Qﬁx2 2>—(W+ce)
1 B4R+l + BE (P + o2+ 0%) + 2B B3 (pol 02 + 17?)
ST 32
152( +‘7 +<7 )‘1’52( +‘7 +0—82)+2/82/82(p0-82 52"‘77)
40, B%
L (BL+8D)e2+7) 1 (B + B3 o +77)
1= faa <E 5 20, .

E[V(z,y,e)] = E

—= e —

) — (W+ec) (118)

where we used:

E[é{z] = PP +ol+ol
E[&&] = cov(&,&) +E[§]E[&] = polo? + 7
]E[ﬁiéi] = cov (772, z)%—IE ;) [ }—%“‘77

The objective function is concave with respect to Bf . The first-order condition with respect to 55

is:
L (5 Bf 1 9, Lo, +7°
2_91<52<77 +U +OJ)+ %(paao-s "’77) = ( _ﬁm)ze /Bx
J . . . _
- G oy +ol) + G(polo? +77) =« (1 =) (g +17°) (19)
K J .
S+ 02+ o) + S (pot? ) = a (1 - £5) (02 + )

where k # j, i.e. k=2if j=1and k= 11if j = 2. With ¢, — 0, this can be rewritten as:

k _ g 2
g_; - pog_olg.+ﬁ2 (O‘(Uzl +7%) = g_;(n2 +o,+ 0l )>
I , _ g _ _
b (02 +7P) = B + 02+ 02)) (7 + 02 + 08) + 5 (pol 02 + ) = a0+ 7?)

1 52 72
POz 0z, +1

10



2
(o7+7°) (7P +op+ak”)

. 2 | =2
= _’] = (0n+77)_ po 02+
B Lo | oy (Ptodtol) (o2 +ok?)
(po-z-:io-z-:i + n ) - paéiagiJrﬁQ
2 ) 2 k2 1,2
o, + o.+o. —po.oZ
. (02 + )02 + o = pot o) (120)

(02472 + oL ) (I + 02 + 0&) — (pok o2 + 7P)?

As ¢, — 0, the optimum for the board is thus given by setting 8, — 0 and £, and [ are as in

equation (120). Substituting for 8/, and B2/, in equations ([116)) and (117]), respectively:

Yy — 21 (o24+7%) (o7 +a —pol a2)) ol (o24+7%) (o7 +a —pol a2)) ) (121)
1 — 959, — 2 — 2 —
201 \ (0247240l (7 2+G%+031 —(pol o2 +72)2 L T (02472 +02)(7 2+G%+0§1 —(pol o2 +72)2 " 1
_ 2 _ 2
gy o 81 (0247) (023402 —pol 02,) e (0247) (034012 —pol 2,) 2) a2
27200 \ (024240 l2) (P02 +o2 ) —(pol, 02, +712)2 2 | (o240 ) (P o2 +oll)—(pol,o2, +7%)? 2

We now derive expected social output in the case with a set of N ESG scores when the board

uses an explicit contract for social investments. Expected social output in this case:

E 9] = E [fiyr + 72y2 + €]

_ 2 _ 2
=K 77 al (o 2+772)(02+‘7§1 —paélagl) =1 (07214_772)(07274_0;1 —paélagl) =2
- _ 2 _ _ 2\ /= 2

1201 \ (02472 +0l0) (P +02+02 ) —(pod o2 +72)2 1 | (02472 +02) (P +02+0l) )~ (pol, o2, +7%)?

_ _ 2
el (o +7) (e} +o2, —pol,0%) 1 (0247%) (0240, —pol,o?) EAR
202 \ (o2472+0L)) (7 +o%+a? —(poly02,+72)2 2 1 (02472402 ) (P +o2+oll)—(pol 02, +72)% 2 Y
2 _ 2

a1 (o7+7%) (07402 —pol o)) E[72)] + (op+7%) (o740l —pol o2)) E []
— 909, — 1 — — 1

26, 02+n2+012 )(P+03+02))—(pot, 02, +72)? U (@342 +02)) (o2 +ol)) —(pok, o2 +72)2 !

_ 2

_I._Qi 2+7] )( 2+052 7p0'520'g2) E [~ é;l] _I_ (U2+772)(U%+U§27 0220?2 ]E [~ 52]

2 02 2+772+012 Yoz o) —(polyo2, v VRS2 T (e o T (o1 o2 e 1252

_al (02472) (02402 —pol o2, (o7+72) (0 2+oslfpagla§1) (02 n ﬁg)

200 \ (02472401 ) (2 +o2+02 ) —(pol 02 +i2)2 | (02472402 ) (2 +o2+ols )= (pol o2 +i2)2 | \UN
+gl (247°) (o 2+052 —pol, oz, + (o2+72) (03 +052 —P052052) (02 + 7_]2)
202 \ (02472 +0l) (P +o2+02))—(pol, 02, +72)2 | (02472402, (P +oi+ols)—(pol, 02, +7%)> n
20’2+0' -‘rO’ Zpa 02 _9\ 2
ZQHL 21 52 12 2, .2 522 - 22(02+772)
201 (02472 +01])(7 +o- +a - (paslasﬁn )2 A
20’2+O' +0 —2p0 _9\ 2
+gei 2172 12 24 -2 22 (02 +7]2)
202 (0247240l (7 +an+a€ )— (poszae +72)2 AN

Comparing with the corresponding equation for the case with one set of ESG scores, expected

social output when the board delegates the social investment decisions to the manager is higher

11



with a second scores if:

2 2
2 1 2 1 2
20',7—1—061 +oZ, —2p0'51 oz,

2 2
20—%"“7;1 +‘7§1 _210‘7;1‘731 (0.2 ﬁ2> > 7_72+U727 772+U2+0'22 (paélaglJrﬁ
— 2N/ - 2 — o 2, 12 T 5 5. 12
(02 +72+0l)) (PP +02+020) —(pok, o2 +72)2 \ 11 ool ]
20740k, +02, —2pol, 02, (02 n 72) < 72 +02 207408, +02, —2pol, o2, <1
_ 2\ /= 2 _ o 2, 12 1 ;2 =
(oF+m°+oly) (P +oi+02,)—(pod,02,+7%)> N1 K n?+ojtol, o2 4022 TR TE T
T 02 4012
The first condition is equivalent to:
1,2 | =2)2
2 2 _ 2 (po—g O¢ + n )
202 + 0811 + afl — 2pa§lagl > 72+ 02 + 0521 - — L 5 E
P+ o+ ol
1.2 | =2)2
2, 12 1 9 _ o (pogoZ +17)
&  o0,to., —2p0.0 >0 —— PR
T] 77 €1
—2 2 4 12 2 | =2 12 2 12 14 1 2 =22 1 2 2 13 2
< no,+o,+o., 0, +0 0, +0,0, +o0., —2po; 0.0 —2po,. 0; 0, —2p0, 0
4 2-2 122 2 12 22 4 1 2 -2
>0 oy tog N —plo, 0L =0 —2po; 001
4 12 2 14 1 2 2 132 2 12 22
& o0,+20.,0,+0. —2po, 0.0, —2po. 07 >—po, 0 (123)

The condition in equation ([123)) is always satisfied with p < 0 since in this case the LHS is positive
and the RHS is nonpositive. More generally, the condition in equation ((123)) is satisfied for any p
if it is satisfied for p = 1. For p = 1, it is satisfied if and only if:

4 12 2 14 2.1 2 13 2 12 22
o, + 20, 0,+0, >20,0.,0; +20,0 0.0

€1 n-er e1 Ye1Ver
2/ 2 12 1 2 12 1 2 22 12
& o0,(0, +20., — 20 0Z) >0 (20,0, —0- —o0.)
2/ 2 12 1 2 12, 2 132
& O'n(O'n + 20, —20,,0Z) > —o. (07, —0,) (124)
The LHS is quadratic with respect to 0727, with a minimum at
2 12 1 2 2 __ o2 12 12 2 1 2 12
o, + 20, —20.0; +o0,=20,+20, —20,0;, =0 & o,=0.,0; —0,

Replacing in equation 1} this condition is generically satisfied at p = 1 for any 03] if and only
if:

2 2 2 2
(0102 — o) (oh0?, — o + 202 — 208, 0%) = —oL'(0?, — a1, )
2 2 2
& (oot — o) ok —alot) = ol (o — o)

& —ol (02, — ol = —al(oF, —ol)’

which is true. The same reasoning can be applied to the second condition. B
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