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Abstract
How can managers be incentivized to create both financial and social value? Since managers can antici
pate how their decisions impact social performance metrics, they may game a compensation scheme 
based on these measures. Nevertheless, the optimal compensation contract still incorporates social per
formance metrics when the board’s preferred level of social investment exceeds the level that maxi
mizes the stock price. In this case, gaming distorts social investments, and the sensitivity of pay to social 
performance is reduced to mitigate this effect. When multiple independent social performance measures 
are available, the inefficiencies caused by gaming can be alleviated. Our findings suggest that efforts to 
harmonize social performance measurement may have unintended negative consequences.
Keywords: corporate governance; corporate social responsibility; CSR contracting; ESG measurement; execu
tive compensation; gaming of incentives. 
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1. Introduction
There has recently been a marked increase in the propensity of firms to use social and envi
ronmental measures of performance in executive compensation, with three quarters of 
S&P 500 companies now integrating ESG (Environmental, Social and Governance) perfor
mance metrics into incentive plans (Tonello 2024). 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, K€olbel, and Rigobon 2022).

Most investors support the inclusion of such performance metrics in incentive plans. 
Some institutional investors even focus their engagement on the inclusion of these metrics.1 

Tying executive compensation to ESG metrics is advocated on the basis that compensation 
is a “powerful tool” to achieve various goals, not just financial objectives (Lee 2021). For 
example, linking executive compensation to greenhouse gases emissions has been proposed 

1 The 2021 Global Benchmark Policy Survey from ISS Governance finds that 86 percent of investors “believe 
[that] incorporating non-financial Environmental, Social, and/or Governance-related metrics into executive com
pensation programs is an appropriate way to incentivize executives.” For example, see the ESG Engagement 
Campaign from Alliance Bernstein (April 2021), and BlackRock’s report “Our 2021 Stewardship Expectations: 
Global Principles and Market-level Voting Guidelines.”
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as a potential solution to the climate crisis (Munk 2024). ESG-based compensation may 
even be an integral part of stakeholder capitalism, since “paying people principally in stock 
is antithetical to the whole notion that the shareholder … is one of many stakeholders.”2

Yet, prominent scholars have argued that metrics of social and environmental performance 
should not be used for incentive purposes (Edmans 2021, 2023; Bebchuk and Tallarita 
2022).3 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,” that is, they will improve a mea
sure of social or environmental performance even when they are aware that it does not im
prove actual social or environmental outcomes. We will refer to this behavior as “gaming.” 
Second, they argue that there is disagreement about the measurement of social and environ
mental performance, as documented in Berg, K€olbel, and Rigobon (2022). Not only is mea
surement imperfect, but there is no consensus on the measurement methodology.

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

A manager can exert effort to improve the firm’s profits and also invest resources to improve 
its ESP at a cost. A socially responsible board offers a compensation contract to encourage the 
manager to improve both profitability and ESP. ESP is not directly observed, but it is imper
fectly measured. We assume that, given his practical experience running the firm and his under
standing of ESP measurement, the manager can anticipate how his decisions will affect its ESP 
measure. Thus, a manager with ESP-based incentives will tend to invest more (less) when the 
ESP measure is easy (hard) to improve, even if this leads to minimal (major) social and environ
mental impact. We refer to the discrepancy between the measured impact and the actual im
pact of social and environmental investments as the performance measure’s “bias.” For 
example, reaching the same level of carbon intensity can imply a substantial environmental im
pact for some firms but not for others. Since the manager knows the bias at the time of making 
investment decisions, ESP-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 ESP are therefore already incorporated in the stock 
price. If the board prefers the level of social investments that maximizes the stock price, 
then we show that the manager’s compensation only depends on the stock price.4 Thus, ex
plicit incentives based on ESP are only used when the board does not maximize the stock 
price. There are two cases.

First, if the level of social investment that the board prefers is lower than the one that maxi
mizes the stock price, then the manager’s compensation depends on the stock price and profits. 
Intuitively, the board prefers a lower level of social investment than the one that maximizes 
the stock price, and profits-based compensation discourages such costly investment.

Second, if the level of social investment that the board prefers exceeds the one that maxi
mizes the stock price, then the manager’s compensation depends on the stock price and 
ESP measures. These measures are used to supplement incentives for social investments al
ready embedded in stock price-based compensation. To mitigate inefficiencies due to gam
ing, the sensitivity of compensation to ESP measures is decreasing in the variance of their 

2 Source: How to pay executives in the age of stakeholder capitalism, Financial Times, December 14 2022. 
The quote is from Judy Samuelson, who founded the business and society programme at the Aspen Institute.

3 Even before the advent of ESG-based compensation, Shleifer and Vishny (1997) warned about the opportu
nities 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.”

4 In 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.
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bias.5 For these two reasons, the sensitivity of managerial compensation to ESP measures 
can be quite low.

In practice, there is not just one measure of ESP, even if we consider a single dimension 
of ESP (e.g., worker safety). Part of the reason is that there is no consensus on ESP mea
surement. Accordingly, we extend the model to analyze the outcome with multiple ESP 
measures, for example, multiple ESG scores provided by multiple ESG raters. When the 
biases in ESG scores are independent and identically distributed, we show that increasing 
the number of scores reduces investment distortions due to gaming. Intuitively, if scores are 
constructed differently, it is harder for a manager to game multiple scoring methodologies 
than to game a single methodology.

However, simply adding measures of ESP will not necessarily reduce investment distor
tions. Indeed, consider two ESP measures with a different quality, as measured by the vari
ance of their “bias,” and whose biases can be correlated. Even though the availability of an 
additional ESP measure can reduce investment distortions due to gaming, it can alterna
tively worsen them if the additional measure has a low quality and a high correlation with 
the first measure. This is in contrast to contracting models in which the value of a perfor
mance measure is always nonnegative (e.g., Holmstr€om 1979). Intuitively, the stock price 
incorporates an additional ESP measure to the extent that it is informative, regardless of 
the potentially detrimental incentive effects. Since it affects the stock price, which is useful 
for incentive provision, this measure cannot simply be “ignored” by the board.

These results have normative implications for the heterogeneity of ESG scores and rat
ings, which is often criticized on the basis that it reflects disagreement between ESG raters 
(Chatterji et al. 2016; Berg, K€olbel, and Rigobon 2022; and Christensen, Serafeim, and 
Sikochi 2022). In our model, a low correlation between ESG scores that reflects different 
scoring methodologies rather than low-quality scores can help reduce gaming and invest
ment distortions, and increase the social impact of the firm.6 Multiple ESG score providers 
can be useful, all the more that they rely on different methodologies and data, because they 
limit the possibility of gaming. This has implications for the ongoing debate on the regula
tion and harmonization of ESG ratings, and more generally for the measurement of corpo
rate social and environmental performance.7

An empirical implication of our model is that an increase in socially responsible investing 
makes it less likely that firms will use ESP-based compensation. Intuitively, stock price- 
based compensation already provides strong incentives to improve the firm’s social perfor
mance. Conversely, 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 ESP-based 
incentives. This can contribute to explain recent trends which might otherwise appear para
doxical. Indeed, it has been noted that ESG-based incentives are on the rise even though 
investors seem to be less concerned about ESG as suggested by declining inflows into 
ESG funds.8

5 The low quality of these measures is not a problem per se. In Section 4, 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 ESP meas
ures does not depend on their quality, and it is higher than in the baseline model with “gaming.”

6 Specifically, ESG scores can have a low correlation either because their “biases” have a low correlation (the 
interpretation is that scores are built using different methodologies or data), or because these scores are mostly 
driven by idiosyncratic noise and therefore largely uninformative.

7 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 pub
lic sector authorities.”

8 Source: 76 percent of companies link pay to ESG performance in rising trend: WTW, CFO Dive, Jan 
24 2024.
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This article contributes to our understanding of ESP-based compensation. On the posi
tive side, it potentially explains several stylized facts. First, it can explain that only a frac
tion of firms that claim to be socially responsible use explicit incentives based on ESP 
measures (Walker 2022). Second, the model predicts that the use of ESP-based incentives is 
concentrated among firms whose boards are more socially responsible. This is consistent 
with the finding that ESP-based compensation is more common in firms with stated envi
ronmental pledges and in countries with “greater social sensitivity toward sustainability” 
(Cohen et al. 2023), since directors and the shareholders they represent tend to be drawn 
from the local population. Third, our model can rationalize the low sensitivity of compen
sation to ESP measures (Rajan, Ramella, and Zingales 2023): since ESP-based compensa
tion is only used to complement social incentives already embedded in stock-based 
compensation, it can be effective even though it is relatively small. This contrasts with the 
perspective that a low sensitivity of compensation to ESP is either window dressing or not 
the outcome of optimal contracting (Walker 2022). Fourth, our results are consistent with 
the finding that a stronger sensitivity of pay to ESP is associated with better social and envi
ronmental outcomes (Flammer, Hong, and Minor 2019; Cohen et al. 2023), as measured 
by decreases in emissions and ESG ratings: in our model, a stronger preference for social 
output at the board level will lead to a higher weight on ESP measures in the compensation 
contract, which will lead to more social investments and better social performance.

On the normative side, we emphasize that wanting to encourage ESP is not a sufficient 
condition for the inclusion of ESP measures in incentive plans. Instead, boards only include 
these measures in incentive plans when the target level of ESP exceeds the one that maxi
mizes the stock price. This perspective suggests that boards should better understand the 
determinants of their firm’s stock market value before considering ESP incentives. If they 
use these incentives, they should consider relying on multiple measures of each relevant di
mension of ESP to mitigate gaming. Moreover, our result that ESP-based incentives are 
only used when the board sets contracts that do not maximize the stock price differs from 
the common view that ESP-based incentives increase firm value, that is, that firms are 
“doing well by doing good” (Falck and Heblich 2007; Flammer, Hong, and Minor 2019; 
Mischke, Woetzel, and Birshan 2021).

This seemingly goes against the traditional view of the board’s fiduciary duty. However, 
the board’s fiduciary duty to act in the best interests of shareholders does not always in
volve maximizing profits9 or even firm value, especially if shareholders have nonpecuniary 
preferences (Hart and Zingales 2017). Finally, this perspective is consistent with a broader 
view of the board’s responsibility, such as the “enlarged fiduciary duty” proposed by 
Tirole (2001). It is also consistent with “constituency statutes” adopted by several US 
states that allow directors to consider stakeholders’ interests when making business deci
sions (Flammer and Kacperczyk 2016).

An important difference with respect to other contracting models in which the agent uses 
his private information to game incentives is that, instead of being exogenous, the distor
tionary effect of performance measures is endogenous in our model. Specifically, it depends 
on the divergence of preferences between the board and stock markets: distortions are 
worse when the board (optimally) includes explicit ESP-based incentives in the contract.

2. Literature and social performance measures
2.1 ESG ratings and scores
ESG scores and ratings, which are “third-party assessment[s] of corporations’ ESG per
formance” (Berg, K€olbel, and Rigobon 2022), were originally developed to allow investors 
to screen companies for ESG (Environmental, Social and Governance) performance.

9 Source: Fiduciary Duties of the Board of Directors, available at https://law.stanford.edu/wp-content/ 
uploads/2023/01/Fiduciary-Duties-of-the-Board-of-Directors.pdf
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ESG raters typically provide several different types of measures of social and environ
mental performance. They provide an aggregate rating for a firm, as well as separate scores 
that reflect its performance on various dimensions of ESP: “category scores represent a rat
ing agency’s assessment of a certain ESG category. They are based on different sets of indi
cators that each rely on different measurement protocols” (Berg, K€olbel, and Rigobon 
2022). These categories include greenhouse gases emissions, workplace safety, board com
position, etc.

In order to be measures of ESP activities that are comparable across firms and therefore 
useful to investors, ESG ratings and scores are highly standardized with publicly known 
formulas. For example, when describing their ESG scores, S&P Global mentions: “We pub
lish our S&P Global ESG Score methodology on our website.” Likewise, Bloomberg’s ESG 
Scores are “fully transparent including methodology & company-reported data underlying 
each score.”10 Other measures of ESP, 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 
ESP rather than its actual ESP (Walker 2022; Duchin, Gao, and Xu 2024). In practice, 
some executive compensation contracts include ESG ratings and scores as performance 
metrics (Cohen et al. 2023, Table 3).

2.2 Related literature
The literature on compensation based on measures of social or environmental perfor
mance, including ESG-based compensation, is still in its infancy (we review current practi
ces in Section 7.3). The empirical findings of Homroy, Mavruk, and Nguyen (2023)
suggest that boards use ESG-based compensation not because it increases shareholder 
wealth, but because shareholders demand ESG in addition to wealth. This is consistent 
with our modelization of the board’s preferences. More generally, the empirical evidence 
on this type of compensation suggests that it solves an agency problem (Flammer, Hong, 
and Minor 2019; Ikram, Li, and Minor 2023; Homroy, Mavruk, and Nguyen 2023; and 
Pawliczek, Carter, and Zhong 2023). On the contrary, Bebchuk and Tallarita (2022) have 
criticized companies that choose a narrow set of ESG metrics which correspond to easily 
achievable objectives but do not capture what is most consequential to their stakeholders. 
They also criticize the use of vague metrics that help corporate leaders retain discretion 
over the final amount of compensation. Even if these metrics can be poorly used, the 
notions that ESG-based compensation is a manifestation of poor governance, that it facili
tates rent extraction, or that ESG targets are easily achieved are inconsistent with empirical 
findings (Cohen et al. 2023; Homroy, Mavruk, and Nguyen 2023; Ikram, Li, and 
Minor 2023).

What is driving ESG contracting? There is some evidence that the adoption of “say-on- 
pay” voting laws and greater shareholder engagement lead to an increase in ESG contract
ing (Cohen et al. 2023; Pawliczek, Carter, and Zhong 2023). In particular, ESG mutual 
funds are more likely to support shareholder proposals about redesigning executive com
pensation to include environmental and social objectives (Dikolli et al. 2023). The board’s 
preferences also play an important role: Dyck et al. (2023) find that board renewal results 
in changes to the firm’s ESG policies.11 Overall, empirical findings are consistent with the 
view that ESG compensation tends to solve an agency problem and is driven by boards and 
shareholders, which is the premise of our analysis.

10 Sources: 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/.

11 Gillan, Koch, and Starks (2021) review an earlier empirical literature that documents correlations between 
corporate social performance (usually measured with ESG scores) and levels of executive compensation.
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It is well known that paying agents for measured performance may not lead them to act 
in the principal’s best interests (Kerr 1975). Starting with Holmstr€om and Milgrom (1991), 
the multitasking literature formally analyzes incentive provision when the agent has several 
tasks.12 A strand of the literature focuses on the (un)bundling of tasks (Dewatripont, 
Jewitt, and Tirole 2000). Another strand emphasizes the importance of maintaining bal
anced incentives across tasks. In the standard multitasking model of Holmstr€om and 
Milgrom (1991), inefficiencies emanate from imperfect or inexistent ex-post performance 
measurement for some tasks, which prevents adequate incentive provision on other tasks if 
efforts on various tasks are substitutes. In Feltham and Xie (1994), inefficiencies emanate 
from noisy ex-post performance measurement on several tasks, which can induce devia
tions 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 and the man
ager is risk neutral.

A fundamental difference between our model and most multitasking models is that we 
let the manager be privately informed about the effect of his social investment decision on 
the firm’s social performance. Indeed, we assume that the manager observes the “noise” in 
ESP before making his investment decision: he can predict the future realization of social 
performance. This introduces new possibilities for the manager to game a performance- 
based contract.

More closely related are the multitasking models of Prendergast (2002) and Ederer, 
Holden, and Meyer (2018), in which the agent has private information about either the 
payoff or the effort cost of various tasks.13 In both models, tasks are substitutes: either the 
agent can choose only one task, or her marginal cost of effort on a task depends on overall 
effort. As a result, the agent shifts effort toward less costly tasks. In these models, an action 
on some dimension does not affect performance on other dimensions. In our model, by 
contrast, the social investment reduces profitability,14 the stock price aggregates perfor
mance on both dimensions (social and financial), and the performance measures used in 
the contract depend on the divergence of preferences between the board and stock mar
kets.15 As a result, the distortionary effect of performance measures is endogenous in 
our model.

The assumption that the agent has more information than the principal at the effort 
choice stage is also made in the standard moral hazard models of Baker (1992) and 
Edmans and Gabaix (2011). In Baker (1992), this results in a lower piece rate because ef
fort is costly. In our model, lower incentives on the social dimension are not driven by 
costly effort (social investment is not costly to the agent), but by the need to provide incen
tives on the profit dimension, which requires countervailing incentives on the social dimen
sion, which results in gaming. Our multiplicative specification of the production 
technology for social output in equation (1) differs from Baker’s (1992), whose specifica
tion is more general but less tractable, and from Edmans and Gabaix (2011) whose specifi
cation is additive. As a result, in their model, the optimal effort does not depend on the 

12 This framework has been widely applied, including to balanced scorecards (Budde 2007; Dikolli, 
Hofmann, and Kulp 2009; Kvaløy and Olsen 2022), short-term and long-term performance (Holmstr€om and 
Tirole 1993; Gryglewicz, Mayer, and Morellec 2020), symmetric tasks (Bond and Gomes 2009), shifting effort 
between tasks (Smith 2002), contracting with limited liability (Laux 2001), dynamic considerations (Szydlowski 
2019, Hoffmann and Pfeil 2021), pay-for-performance with intrinsic motivation (B�enabou and Tirole 2016), in
formation aggregation into the stock price (Paul 1992), and performance measure congruity (Feltham and Xie 
1994; Datar, Kulp, and Lambert 2001; Baker 2002, Bonham and Riggs-Cragun 2021).

13 Prendergast (2002) studies whether to use output-based contracts (“delegation”) or input-based contracts. 
Ederer, Holden, and Meyer (2018) study the optimality of “opaque” incentive schemes which randomize 
the rewards.

14 This is precisely why monetary incentives, which are required to motivate value-enhancing effort, must be 
offset by ESP-based incentives, which distort social investments because of gaming.

15 Whenever these preferences diverge, the board does not want the manager to maximize the stock price. By 
contrast, in Baker (2002), stock price-based incentives are undistorted, and incentives are only distorted when a 
market measure of firm value is unavailable.
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noise in the performance measure. By contrast, in our model, the optimal investment 
closely depends on the noise in the performance measure. In sum, the multiplicative specifi
cation that we postulate allows to model the gaming of incentives in a tractable way. It 
could be used in other applications.

The possibility of gaming is related to the vast literature on manipulation, but it involves 
different mechanisms. In these models, a signal such as a “report” affects a contractible 
performance measure or a decision. Manipulation alters the value of this signal to inflate 
the pay or the private benefits of a manager (e.g. Beyer, Guttman, and Marinovic 2014; 
Bertomeu, Darrough, and Xue 2017; Caskey and Laux 2017). The manager introduces a 
bias in the signal. The optimal contract is designed to prevent or curb manipulation, and it 
accounts for signal jamming. By contrast, “gaming” refers to the manager using his private 
information to increase investment when the impact on measurable performance is the 
greatest, and conversely to decrease investment when this impact is minimal. The manager 
optimally responds to the bias in the signal when making his investment decision. The opti
mal contract is designed to mitigate this distortion in resource allocation.

Contracting based on ratings is studied in other papers. Parlour and Rajan (2020) show 
that including credit ratings in a contract may be optimal even when they are uninforma
tive because they are contractible. H€orner and Lambert (2021) study how to optimally de
sign a rating for incentive purposes, whereas we take ESG scores and ratings as given.

Our article 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 
technology for generating social output, 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.

3. The model
3.1 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 a social investment decision. At t ¼ 0, a risk-neutral manager chooses unob
servable effort e 2 fe;�eg at private cost CðeÞ, with CðeÞ ¼ 0 and Cð�eÞ ¼ ce>0. He also 
makes an observable resource allocation decision by choosing the firm’s social investment 
y, which improves social outcomes but decreases profits. Cash flows or “profits” ~x and 
“social output” ~υ are, respectively, defined as:16 

~x ¼ e − θy2þ~ex where ~ex � Nð0; σ2
xÞ

~υ ¼ ηyþ~ey where ~ey � Nð0; σ2
yÞ

(1) 

where θ is a positive constant which is common knowledge. Cash flows are realized at t ¼
2 and paid out to shareholders. The effect of the social investment on social output depends 
on η, which is the unobserved realization of the random variable ~η �Nð�η;σ2

ηÞ, where �η≥0. 
16 In previous versions of the article, we allowed for two different dimensions of social performance with an 

additively separable impact on profits and overall social output. The results were qualitatively unchanged. In 
Supplementary Appendix Section A.1, we extend the model to allow for different dimensions of social 
performance.
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It represents the firm’s “social productivity.”17 All random variables, ~η, ~ex, ~ey, are 
independent.

The board’s objective function is: 

E½~xþαB~υ − ~W �; (2) 

where the social output ~υ of the firm is weighted by αB≥0 and W is the manager’s contrac
tual payment. The board’s preferences typically represent the preferences of controlling 
shareholders. 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 ESP measures in executive pay. We discuss further this specification of the 
board’s preferences in Section 7.4.

3.2 Measures of social performance and stock price
Social output υ and the social investment y are non-contractible, but an imperfect measure 
of social performance is realized at t¼ 1. This measure m of the firm’s ESP, that we will re
fer to as an “ESG score” for brevity but without loss of generality, is such that: 

~m � ~γy where ~γ � Nðη; σ2
γ Þ; (3) 

where η is the realization of ~η. Equivalently, the measure can be decomposed as: 
~m ¼ ð~ηþ~fÞy, where ~f �Nð0;σ2

γ Þ, which is independent from ~η, is the unobservable noise 
in the ESG score. With σ2

γ >0, γ is a noisy measure of the firm’s social productivity. The dif
ference between γ and η is simply the difference between the measured social impact and 
the actual social impact of social investments.

A publicly observable financial report z, which is imperfectly informative about the 
firm’s profitability, is realized at t ¼ 1 such that: ~z ¼ e − θy2þ exþ~ez where ~ez �Nð0;σ2

z Þ.
The stock price is also realized at t ¼ 1. To account for the potential impact of corporate 

social performance on the stock price (see Barber, Morse, and Yasuda 2021, and our dis
cussion in Section 7.4), we assume an exogenous stock price function that puts a weight αI 

on social performance relative to profits: 

p ¼ E½~xþαI~υjy; z;m� (4) 

where the conditional expectation is taken with respect to the information available at 
t ¼ 1, including the social investment y, the report z, and the ESG score m. Thus, when 
αB ¼ αI, the board’s preferences are perfectly aligned with stock price maximization. When 
αB>αI (αB<αI), the board puts more (less) weight on social performance than the stock 
price. In Appendix A, we provide a microfoundation for equation (4) based on portfolio 
choice by socially responsible investors.

3.3 Contracting
At t ¼ 0, the board offers a compensation contract to a risk-neutral manager who has an 
outside option worth �W ≥0. The manager receives a fixed wage w, and his compensation 
is linear in the following contractible performance measures: firm profits (with sensitivity 
βx), stock price (with sensitivity βp), and ESG score (with sensitivity βm), similar to 

17 The productivity of a social investment 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 
(η>0), it means that hiring more women (y>0) will help achieve this objective; however, if the firm currently 
employs more women (η<0), it means that hiring more men (y<0) will help achieve this objective.
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Holmstr€om and Milgrom (1991) and Holmstr€om and Tirole (1993). The manager is paid 
at t ¼ 2.

We assume that the sensitivity of pay to profits and to the ESG score must be nonnega
tive, that is, βx≥0 and βm≥0.18 The former (βx≥0) can be motivated similarly to Innes 
(1990): the manager would destroy output otherwise. The latter (βm≥0) can be motivated 
by the public outcry that would likely result if a manager’s pay were decreasing in a mea
sure of a firm’s ESP—similar to the political constraints mentioned by Jensen and 
Murphy (1990).

We assume that �e −ce − �W>0, that is, a firm which hires a manager who exerts high ef
fort can be profitable, and that the cost of high effort for the manager, ce, is sufficiently 
low that it is optimal to induce high effort in all settings considered. The discount rate 
is zero.

4. Contracting without gaming
In this section, we assume that the manager does not observe γ at the time of making effort 
and investment decisions: he does not have any information that would allow him to 
“game” incentives. The timeline of the model is depicted in figure 1.

Lemma 1 determines the t¼ 1 stock price.

Lemma 1 The stock price p in equation (4) is such that: 

E½~xjy; z;m� ¼ be − θy2þ
σ2

x

σ2
xþ σ2

z
ðz −beþ θy2Þ (5) 

E½~υjy; z;m� ¼
σ2

η

σ2
η þ σ2

γ
mþ

σ2
γ

σ2
η þ σ2

γ
y�η (6) 

The stock price is additive in two terms. The first is expected profits. It depends on the 
manager’s expected effort be, social investment y, and the report z. The report z is informa
tive about profits ~x. As a result, it affects the stock price. This makes the stock price sensi
tive to the manager’s actual effort (as opposed to the manager’s expected effort be, 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 ESP of the firm 
as reflected in its ESG score affects the stock price when αI>0 (see equation (4)). This is 
consistent with the fact that investors rely on these scores and ratings for their investment 
decisions (Pagano, Sinclair, and Yang 2018; Berg, K€olbel, and Rigobon 2022). Lemma 1 

Figure 1. Timeline of the model without gaming.

18 As will be clear in Proposition 1, the sensitivity of compensation to the stock price will be positive (βp≥0), 
although it could be negative without the constraint that βx≥0.
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shows that, with αI>0, there is a positive relation between the ESG score 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, the ESG score is 
a noisy measure so that it does not reveal the firm’s actual social productivity. As a result, 
the expected social output of the firm (E½~υjy; z;m�) does not only rely on its ESG score m 
and its social investment y, but also on the prior belief �η about the productivity of 
this investment.

Lemma 2 When γ is not observable at t ¼ 0, the first-best outcome involves e¼ �e 
and y� ¼ αB

2
�η
θ. It is achieved with the following contract: 

βm ¼ αB
ce

�e − e
; βx ¼

ce

�e − e
; βp ¼ 0; (7) 

and a fixed wage w such that the manager is at his reservation level of utility, given 
these values of fβx;βp;βmg and high effort.   

The contract described in Lemma 2 provides effort incentives via a positive sensitivity of 
pay to profits (βx>0). To counteract the resulting incentives to increase profits rather than 
social performance, the manager’s compensation is also contingent on social performance 
(βm>0). The first-best can always be obtained, even if social performance is poorly mea
sured at t ¼ 1 (high σγ). Intuitively, there is no asymmetric information ex-ante so that the 
contract can be set to provide first-best investment incentives, elicit effort, and keep the 
manager at his reservation utility. Without gaming, imperfect performance measurement 
does not lead to inefficiencies.

Moreover, in this case, there are no benefits to using stock price-based compensation. 
This being said, stock price-based compensation may alternatively and equivalently be 
used: when αB≥αI, the first-best optimal outcome can also be induced with the following 
contract that involves stock price-based compensation instead of profits-based 
compensation: 

βm ¼ ðαB − αIÞ 1þ
σ2

z

σ2
x

 !
ce

�e − e
; βx ¼ 0; βp ¼ 1þ

σ2
z

σ2
x

 !
ce

�e − e
; (8) 

and the fixed wage w adjusts to satisfy the participation constraint. In sum, when the man
ager does not have private information, the contracting problem has a simple solution that 
does not involve any inefficiencies.

5. Contracting with gaming
We henceforth assume that, at t¼ 0, after contracting but before the effort and investment 
decisions, the manager observes the nonverifiable variable γ. This timing assumption is sim
ilar to the assumption in Baker (1992) and Edmans and Gabaix (2011) that the agent choo
ses 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 ESP measures’ meth
odology, the manager understands how investment decisions will affect ESP measures. It 
allows to take into account a frequent criticism leveled at ESP-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. The timeline of 
the model is depicted in figure 2.
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We solve the model by backward induction. Since investors observe the same variables 
at t¼ 1 as in the previous section, the stock price is as in Lemma 1.19 For publicly traded 
firms, the stock price is established on stock markets. For private firms, it represents the im
plied stock valuation established in a sale or a funding round.

We now consider incentive provision and contracting. The board wants to incentivize ef
fort and social investment. To this end, it can use three performance measures: the firm’s 
stock price, its profits, and its ESG score.

As a 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, that is, when there is no incentive constraint in the optimiza
tion problem. At the second-best, let yðγÞ be the social investment optimally chosen by the 
manager given his contract and his signal γ. Let ϕ denote the density function of ~η, and let 
φ denote the conditional density function of ~γ.

Lemma 3 When γ is observable at t¼ 0, the first-best social investment is: 

y�ðγÞ ¼
αB

2
E½~ηjγ�

θ
where E½~ηjγ� ¼

σ2
η

σ2
η þ σ2

γ
γþ

σ2
γ

σ2
η þ σ2

γ
�η (9) 

At the second-best, when the manager privately observes γ at t¼ 0, the board sets 
the manager’s contract to ensure participation, induce effort, and minimize the 
agency cost in equation (10): 

θ
ð

η

ð

γ

�
yðγÞ− y�ðγÞ

�2
φðγjηÞϕðηÞdγdη (10) 

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 constraints on contracting, the agency cost is not driven by inefficient risk sharing or 
rent extraction.20 Instead, the agency cost reflects the extent of the inefficiency in resource 
allocation. As can be seen in equation (10), it measures the deviation between the social in
vestment and its first-best level, which is defined in equation (9).

Figure 2. Timeline of the model with gaming.

19 The only potential difference would have been if the manager’s actions at t¼ 0 (e.g., choice of social invest
ment y) were informative about something not observed by investors at t ¼ 1. However, investors observe both 
y and the ESG score m at t¼ 1 so that they can infer γ.

20 Risk sharing and rent extraction effects are arguably of second-order importance in large firms, where 
managerial equity holdings account for only 0.34 percent of firm equity for the median CEO (Edmans, Gabaix, 
and Jenter 2017), while annual CEO compensation typically accounts for less than 0.1 percent of the market 
capitalization of S&P500 firms.
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Lemma 3 shows that minimizing the agency cost is equivalent to minimizing the sum 
across ESP dimensions of the expected quadratic distance between the incentive- 
compatible social investment yðγÞ and the first-best social investment y�ðγÞ multiplied by 
the cost parameter θ. This distance is a measure of the agency cost: it measures how close 
the board can get to the first-best outcome described in equation (9). The agency cost is 
proportional to the monetary cost of social investments, as measured by θ. Intuitively, if so
cial 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, a socially 
responsible board (αB>0) would like to 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 mat
ters. Second, because of the manager’s private information about the firm’s technology for 
social output and his understanding of the ESG scoring methodology, ESG score-based 
incentives will result in “gaming.” Third, the level of social investment that maximizes 
the stock price does not necessarily maximize the board’s objective function. Fourth, the 
sensitivity of the manager’s compensation to profits and the ESG score must be 
nonnegative.

To focus on the case of a socially responsible board and simplify the exposition, we 
henceforth assume αB>0. As a second preliminary step, Lemma 4 highlights the important 
role played by the constraint that the sensitivity of pay to profits be non-negative. It shows 
that, without this constraint, the first-best outcome can be achieved even when the manager 
privately observes γ at t ¼ 0.

Lemma 4 Without a nonnegativity constraint on βx, the board can achieve the first-best 
outcome (yðγÞ ¼ y�ðγÞ8γ and e¼ �e) by offering a contract such that: 

βm ¼ 0; βx ¼
αI

αB
− 1

� �

βp and βp ¼
ce

�e − e
αI

αB
þ

σ2
x

σ2
xþ σ2

z
− 1

 !− 1

(11) 

If the board’s preferred level of social investment is lower than the one that maximizes 
the stock price (αB<αI), then only relying on stock price-based incentives would lead to ex
cessive spending on social investment from the board’s perspective. To counterbalance 
stock price-based incentives, the board then provides profits-based incentives (βx>0), 
which discourage costly social investments. On the contrary, if the board’s preferred level 
of social investment is higher than the one that maximizes the stock price (αB>αI), then 
only relying on stock price-based incentives would lead to inadequate spending on social 
investment from the board’s perspective. Encouraging social investments further can then 
be achieved by punishing the manager for achieving high profits, that is, βx<0. The sensi
tivity of compensation to the stock price increases as needed to still provide effort incen
tives. In any case, the agency cost is zero: the firm’s social investment, yðγÞ, is state-by-state 
equal to the first-best level y�ðγÞ defined in equation (9).

We now describe the second-best optimal linear contract, with a nonnegativity con
straint on βx, in Proposition 1.
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Proposition 1 
� If αB≤αI, the optimal linear contract is defined by: 

βm ¼ 0; βx ¼
αI

αB
− 1

� �
ce

�e − e
αI

αB
þ

σ2
x

σ2
xþ σ2

z
− 1

 !− 1

; βp ¼
ce

�e − e
αI

αB
þ

σ2
x

σ2
xþ σ2

z
− 1

 !− 1

;

and social investment is first-best: yðγÞ ¼ y�ðγÞ8γ. 

� If αB>αI, the optimal linear contract is defined by: 

βm ¼ ðαB − αIÞ
ce

�e − e
1þ

σ2
z

σ2
x

 !
σ2

γ

σ2
η þ σ2

γ

�η2

σ2
γ þ σ2

η þ �η2 þ
σ2

η

σ2
η þ σ2

γ

 !

; βx ¼ 0;

βp ¼
ce

�e − e
1þ

σ2
z

σ2
x

 !

;

generically yðγÞ 6¼ y�ðγÞ, and the expected social investment is below the first-best  
level: E½yð~γÞ�<E½y�ð~γÞ�. 

The structure of the contract described in Proposition 1 can be explained 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 
and investment decisions. A positive sensitivity of pay to profits encourages effort and dis
courages social investments. A positive sensitivity of pay to the ESG score tends to encour
age social investment.21 A positive sensitivity of pay to the stock price encourages the 
manager to exert effort and to choose the social investment that maximizes the stock price.

To start, consider the case when the board prefers the social investment that maximizes 
the stock price, that is, αB ¼ αI. In this case, the manager’s compensation is only contingent 

on the stock price: βm ¼ 0, βx ¼ 0, and βp ¼
ce

�e − e 1þ σ2
z

σ2
x

� �

. When managerial compensation 

is only sensitive to the stock price, a self-interested manager optimally chooses the social in
vestment that maximizes the stock price, in line with 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 level of social investment that the board prefers is lower 
than the one which maximizes the stock price (αB<αI). For example, as further discussed 
in Section 7.4, 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 prof
its 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 ~γ).

21 Because of the imperfection of ESG scores, they do not always encourage social investment. In the case 
when the sign of γ is opposite the sign of η, imperfect measurement that can be anticipated ex-ante gives rise to 
counterproductive incentives.
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Finally, consider the case when the level of social investment that the board prefers is 
higher than the one which maximizes the stock price (αB>αI). In particular, this is the rele
vant case if investors do not intrinsically value holding equity in a socially responsible firm 
so that ESP does not have a stock price impact (αI ¼ 0), even though they would be better 
off if the firm reduced its externalities. Then a board with αB>0 solves a coordination 
problem. More generally, whenever αB>αI, the manager’s compensation is contingent on 
the stock price and the ESG score. A positive sensitivity of compensation to the ESG score 
encourages social investment relative to the level that would maximize the stock price.

Ideally, the board would like the social investment to depend on its average productivity 
�η and on the signal γ that the manager receives on its actual productivity (see the first-best 
investment policy in equation (9)). The stock market’s valuation of the firm’s social invest
ments combines these two aspects (see Lemma 1). Moreover, the stock price aggregates in
formation about the firm’s social output efficiently for investment purposes, since it reflects 
the effect of the ESG score on beliefs about the productivity of the firm’s social investment. 
However, the stock price’s aggregation of information about the firm’s social output and 
its profits does not correspond to the board’s preference when αB 6¼ αI. When αB>αI, 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 com
pensation to profits: the nonnegativity constraint on profits-based compensation binds.

This can be partly remedied by also making managerial compensation contingent on the 
firm’s ESG score, 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 the signal γ. The latter is an imperfect signal of the firm’s technol
ogy for social output (since σγ>0), and it is known ex-ante by the manager. For example, 
when γ is high, the manager understands that increasing social investment y will have a 
large impact on ESG score m, likely over and beyond the actual impact (ηy). Thus, making 
compensation sensitive to the ESG score will lead the manager to be excessively responsive 
to realizations of the signal γ, which can be viewed as “gaming.” This inefficiency reduces 
the sensitivity of the manager’s compensation to the ESG score: this sensitivity is decreasing 
in the noisiness of scores, as parameterized by σγ.22 As a result, the firm generally underinv
ests in social investments relative to what the board would prefer.23 Intuitively, the diffi
culty of aligning interests with respect to ESP lowers the second-best level of expected 
social investment below the first-best level. In summary, the more noisy the ESG score is, 
the more distorted are the manager’s incentives for social investments, and the less the 
board incentivizes social investments.

The deviation from the first-best outcome depending on whether αB¼
>
<αI is asymmetric. 

When αB≤αI, 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 αB>αI, it is impossible to do so. In this latter case, the firm will use ESG score-based 
as well as stock price-based compensation, and social investment will be distorted 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 cannot be repli
cated by a contract. This is consistent with the notion that the stock price provides incre
mental information that is useful for contracting (Holmstr€om and Tirole 1993). For 
simplicity, we have assumed that social investments are not contractible, but this result 

22 In the model without gaming in Section 4, when αB>αI and stock price-based compensation is used to 
elicit effort, βm in equation (8) is strictly higher than βm in the third case of Proposition 1. Moreover, in the 
model without gaming, the level of βm is independent of the noisiness σγ of ESP measurement.

23 Specifically, the expected level of social investment is below its expected level at the first-best, see 
Proposition 1. The firm can end up either underinvesting or overinvesting, depending on the realization of ~γ .
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would still hold under the more realistic assumption that social investments are not fully 
contractible. The logic is reminiscent of Parlour and Rajan (2020). In their model, a credit 
rating does not provide any new information, but it allows to write better contracts since it 
is contractible. In our model, the stock price plays this role.

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 (αB>0) starts by relying 
on stock price-based incentives (if the stock price is sensitive to perceived ESP, i.e., αI>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 βx cannot be decreased further (i.e., βx ¼ 0) does the board start using 
measures of ESP. 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 ESP measures in incen
tive programs. First, it suggests that firms should not necessarily use explicit incentives 
based on ESP measures, even if their boards are socially responsible. Indeed, measures of 
ESP 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 ESP measures 
and socially responsible investors are substitutes rather than complements. Second, the in
trinsic quality of ESP measures, captured by σγ in the model, does not matter for the inclu
sion 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 
σγ), the lower is the sensitivity of pay to these measures (see Proposition 1). Third, 
Proposition 1 predicts that contracts will involve stock price-based compensation, which 
will be complemented either by profits-based compensation or by ESP-based compensa
tion. Moreover, when preferences across dimensions of ESP are heterogeneous, the com
pensation contract can involve stock price-based compensation, profits-based 
compensation, and ESP-based compensation (see the Supplementary Appendix Section 
A.1.2, and the discussion in Section 7.5).

6. Multiple ESG scores
We now extend the model to analyze the case with multiple ESG scores. 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 substan
tial divergence across these ratings, including on the measurement of the same dimension 
of ESP (Berg, K€olbel, and Rigobon 2022).

We now assume that there are N ESG raters. Each rater j provides ESG score mj, which 
is defined as mj � yγj. 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. Denoting ~fj �Nð0;σ2

γ Þ, for any score j we can decompose the score as 

~mj ¼ yð~ηþ~fjÞ, where the subscript j indicates that the noise term ~fj is different for each rat

ing j. We assume that the noise terms ~fj in ESG scores are independent and identically dis
tributed (i.i.d.). This implies that ESG scores are positively correlated because of their 
dependence on ~η. Let �γ ¼ 1

N

PN
j¼1 γj be the average signal on the firm’s social productivity 

generated by ESG scores, and redefine the agency cost for this part of the article accord
ingly. This average signal is a sufficient statistic for the mean of the distribution (see the 
proof of Proposition 2).
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Proposition 2 For αB≤αI, social investment is equal to its first-best level. For αB>αI, 
as N increases, social investment and expected social output converge 
asymptotically to their first-best levels: 

lim
N!1

yð�γÞ ¼
αB

2θ
�γ and lim

N!1
E½~η~y� ¼

αB

2θ
ð�η2þ σ2

ηÞ: (12) 

Proposition 2 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 is a sufficient 
statistic. Therefore, the manager considers the average score when making the investment 
decision. Additional scores reduce the variance of the bias of the average score, which 
increases its quality, and decreases the manager’s propensity to game the ESG scoring sys
tem. Intuitively, with a single score, incentives are distorted in one direction only. With ad
ditional scores which are imperfectly correlated with the first score, incentives are still 
distorted but not necessarily in the same direction. Proposition 2 shows that, as the number 
of ESG scores increases, investment distortions vanish in the limit.

As the number of scores increases, the total sensitivity of compensation to ESG scores 
increases (see equation (64) in the Appendix) when these scores are used in the contract 
(i.e., αB>αI). Intuitively, multiple scores reduce the possibility of gaming, which allows to 
provide higher-powered incentives.

Figure 3 depicts the speed of convergence of the agency cost toward zero in some cases. 
It illustrates how it depends on model parameters when the noise terms of ESG scores are i. 
i.d. When scores are very noisy (see the left panel), the speed of convergence is slow. When 
scores are not very noisy (see the middle and right panels), the speed of convergence is fast 
so that the marginal benefit of an additional score decreases quickly with the number of 
scores. In sum, the practical relevance of the mechanism at play in Proposition 2 depends 
on the noisiness of ESG scores.

The mechanism can be contrasted with the one in Ederer, Holden, and Meyer (2018). In 
their model, to avoid gaming, the principal randomizes over which dimension the agent 
will be paid. A risk-averse agent then works on all dimensions. In our model, to avoid gam
ing, the principal uses several performance measures. Their mechanism relies on randomi
zation and risk aversion with multiple tasks, whereas ours relies on multiple performance 
measures with a single investment decision.

An important question related to ESP measurement is whether adding an ESG score with 
a lower quality than an existing score can be beneficial. Is it better to have one high-quality 
ESG score, or is it valuable to complement it with an additional score whose bias can be 
correlated with the former score’s bias and which can have a lower quality (higher noise)?

We now analyze the effect of adding to an existing score some possibly more noisy and 
correlated ESG score. There are two scores, ~m1 ¼ ~γ1y and ~m2 ¼ ~γ2y, that follow a multi
variate normal distribution. As above, we can decompose the score as ~mj ¼ ð~ηþ~fjÞy, where 

Figure 3. Each panel depicts the agency cost (as derived in equation (B.53) in the Appendix) as a function of 
the number N of ESG scores for αB >αI with the normalization ðαB − αIÞ

2
=2θ ¼ 1. Left panel: σ2

η ¼ 1, σ2
γ ¼ 4, 

�η ¼ 1; middle panel: σ2
η ¼ 1, σ2

γ ¼ 1, �η ¼ 1; right panel: σ2
η ¼ 2, σ2

γ ¼ 1, �η ¼ 1.
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the subscript j indicates that the noise term ~fj is different for each score j. Denote by ρ 2
ð− 1;1Þ the correlation coefficient between the noise terms ~f1 and ~f2. The noise terms ~f1 
and ~f2 follow a multivariate normal distribution with mean vector ð0;0ÞT and covari
ance matrix: 

σ12

γ ρσ1
γ σ2

γ

ρσ1
γ σ2

γ σ22

γ

0

@

1

A

Even with ρ<0, the ESG scores ~m1 and ~m2 can still be positively correlated because of 
their common dependence on ~η.

We show in the proof of Proposition 3 that neither γ1 nor γ2 is a sufficient statistic for ~η, 
that is, the additional ESG score is informative. However, it is not necessarily valuable. The 
informativeness principle (Holmstr€om 1979), which states that any informative signal is 
useful for contracting, does not apply in our setting without risk aversion or rent extrac
tion.24 Accordingly, we now analyze the effect of adding an ESG score on social investment 
and expected social output when the manager’s compensation can linearly depend on 
both scores.

Proposition 3 For αB≤αI, social investment is equal to its first-best level. For αB>αI, 
expected social output is higher with two scores rather than one if the 
precision 1=σ2

γ
2 of the second score is sufficiently high or the correlation ρ between 

the scores’ noise terms is sufficiently low.   

Proposition 3 shows that the result from Proposition 1 that the first-best social invest
ment can be induced if and only if αB≤αI is robust to the addition of an ESG score.25 

Proposition 3 also shows that adding an ESG score can increase the expected social output 
of the firm under some conditions. However, numerical examples depicted in figure 4 
show that adding an ESG score can also be detrimental. Intuitively, an additional score 
which is not perfectly correlated with the first score is informative, even if its quality is low, 
and it consequently affects the stock price. Since the stock price is used to provide incen
tives, the board cannot just “ignore” this additional score. The problem is that the bias of 
an additional score can be so strong (high σ2

γ ) and its correlation ρ with the first score so 
high that adding this score will tend to worsen the bias induced by ESP measures. Indeed,  
figure 4 illustrates that introducing an additional ESG score can increase the agency cost if 
this ESG score is noisier and sufficiently highly correlated with the first score (see the 
gray area).26

In practice, the correlation between ESG ratings is on average 0.54 (Berg, K€olbel, and 
Rigobon 2022), and it is even lower at a disaggregated level. This allows to put in perspec
tive the practical relevance of the gray area in figure 4. Indeed, 0.54 can be viewed as an up
per bound for ρ (part of the correlation between ESG scores is driven by their common 
dependence on η, whereas ρ is only the correlation between the noise terms in ESG scores). 

24 If the agent were risk averse, the contract would be designed not just to provide efficient effort and invest
ment incentives, but also based on risk sharing considerations. Then, for the additional score to be useful, a nec
essary (but not always sufficient) condition is that it be incrementally informative with respect to the initial score 
and the stock price in a sufficient statistic sense.

25 The first-best investment with two ESG scores, y�ðγ1; γ2Þ, is defined in equation (73) in the Appendix. The 
proof of Proposition 3 also shows that, in the limit case as ρ ! −1, expected social output tends to the same 
level as with perfect performance measurement (σj

γ ¼ 0), regardless of αB0αI and even if both scores are noisy.
26 The black area in Figure 4 is the set of parameter values such that the nonnegativity constraint on the sensi

tivity of pay to ESP is binding for one of the two ESG scores. With two ESG scores, this constraint can be bind
ing when the correlation ρ between the noise terms of the two scores, f1 and f2, is sufficiently high. Intuitively, 
the optimal contract without this nonnegativity constraint would have a positive weight on the less noisy score, 
and a negative weight on the more noisy score to partly filter out the noise.
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If ρ¼ 0:54 and the standard deviation of the first ESG score is σ1
γ ¼ 1, the standard devia

tion σ2
γ of the second ESG score would need to be greater than 1.34 for the gray area to be 

relevant, that is, noise in the second ESG score must be at least one-third higher than in the 
first score. If ρ¼ 0:27, the gray area is relevant for σ2

γ >1:67, that is, noise in the second 
ESG score must be at least two-thirds higher than in the first score.27

The results in this section have implications for ESP measurement “convergence” or 
“harmonization,” which is debated and frequently advocated.28 On the one hand, 
Proposition 2 shows that different ESG scores with i.i.d. noise terms can be beneficial for 
corporate governance purposes. If regulation or “harmonization” of ESG measurement 
results in a decrease in the number of available ESG scores and ratings, our results suggest 
that it may result in more gaming of the remaining ESG scores and ratings by managers, 
for example, via greenwashing. On the other hand, ESG scores with sufficiently low quality 
are detrimental, because they affect the stock price and distort managerial incentives. 
Together, these results suggest that regulatory efforts should focus on improving ESG 
scores’ quality.

Harmonization of ESP measurement 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 

Figure 4. The gray area is the set of values of σ2
γ and ρ such that the agency cost is lower with one rather 

than two ESG scores. The black area is the set of values of σ2
γ and ρ such that the constraint that βj

m≥0 is 
binding for j ¼ 1 or j ¼ 2, where βj

m is the sensitivity of the manager’s pay to ESG score j. We have �η ¼ 1, 
θ ¼ 1, αB ¼ 2, αI ¼ 1, ση ¼ 1, σ1

γ ¼ 1.

27 To take another perspective, when the two ESG scores are as noisy, so that both noise terms have a stan
dard deviation of σj

γ � σγ , the correlation coefficient between ESG scores ~m1 and ~m2 is simply: 

corr ~m1 ; ~m2 ¼
covð ~m1 ; ~m2Þffiffiffiffiffiffiffiffiffiffiffiffiffi

varð ~m1Þ
p ffiffiffiffiffiffiffiffiffiffiffiffiffi

varð ~m2Þ
p ¼

σ2
η þρσ2

γ
σ2

η þσ2
γ
. When in addition the variability of the ESG scores around their mean is 

driven as much by fundamentals and noise (i.e., ση ¼ σγ), and ρ¼ 0, we have corrm1 ;m2 ¼
1
2, which is close to the 

observed correlation of 0.54 between ESG ratings.
28 There is a regulatory push for uniform standards in ESP measurement and reporting, including government 

mandated CSR (Corporate Social Responsibility) reporting in the European Union (Fiechter, Hitz, and Lehmann 
2022). As stated by Larcker et al. (2022): “The major credit rating agencies … 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?” This harmonization argument is also made in influential academic research 
(Berg, K€olbel, and Rigobon 2022).
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highlighted. In other words, an improvement in the quality of ESG scores is necessary but 
insufficient for harmonization to be beneficial. In the case when the noise in scores is i.i.d. 
as in Proposition 2, a hypothetical unique standardized score would need to have a preci
sion which is higher than N times the precision of an individual score if it replaces N differ
ent scoring methodologies. This sets a high bar for harmonization via regulation.

7. Discussion
7.1 Multiple dimensions of ESP
For simplicity, the model presented in this article only included one dimension of ESP. In 
practice, companies do not only invest along one social or environmental dimension. In the 
Supplementary Appendix Section A.1, we extend the model to incorporate different dimen
sions of ESP. As long as these dimensions do not interact (e.g., investing in greenhouse gas 
reductions does not affect the cost of improving working conditions), we show that the 
main results continue to hold. We point out that our results are then relevant for a dimen
sion of ESP instead of overall ESP. In particular, gaming can be mitigated with multiple 
ESP scores on each dimension of ESP.

7.2 ESP and financial performance
Our model postulates a tradeoff between improving ESP (social output υ) and financial per
formance (profits x). This means that improving social performance involves the firm going 
“over and beyond” what would maximize its bottom line. For example, improving worker 
safety will to a large extent also improve financial performance. However, beyond a certain 
point, it will not. Our model considers safety improvements beyond this point that have a 
negative effect on financial performance (safety improvements that also improve financial 
performance are a “no-brainer,” and do not require any degree of social responsibility). 
This presents a challenge for the empirical literature, and more generally for CSR assess
ment, since it is not easy to disentangle social investments that improve the bottom line 
from those that do not.

7.3 Contracting with ESP
In practice, ESP incentives are mostly incorporated in annual incentive plans and annual 
bonuses (Walker 2022). This is consistent with our assumptions about contracting. ESP 
incentives can also take other forms. For example, Duke Energy issued performance shares 
that vest in part depending on the firm’s ESP performance (Walker 2022). Moreover, there 
is a growing tendency to incorporate these metrics in long-term incentive plans 
(Tonello 2024).

Large firms are much more likely to incorporate ESG metrics into their incentive plans. 
As noted by the Managing Director of ESG Research at The Conference Board (Tonello 
2024), “in 2023, only 23.8 percent of companies with annual revenue under $ 100 million 
reported using ESG performance metrics, but the percentage grows to 83.6 percent among 
companies with annual revenue of $ 50 billion and over.” The same report notes that ESG 
performance metrics are commonly used in the utilities and energy sectors, but are much 
less common in information technology, consumer staples, financials, and communication 
services. Empirical studies have documented similar patterns (Flammer, Hong, and Minor 
2019; Ikram, Li, and Minor 2023).

Companies typically rely on a combination of several metrics. Across all industries, the 
most commonly used metrics involve human capital management. In the energy and utili
ties sectors, environmental performance metrics are also heavily used (Tonello 2024). 
Moreover, the proportion of companies that use environmental metrics such as carbon 
footprint, emission reduction, and energy efficiency is rapidly growing. Institutional invest
ors and proxy advisors are increasingly pushing companies to adopt quantitative rather 
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than qualitative metrics to improve accountability and transparency.29 Recently, some 
companies have removed controversial ESG metrics, most notably Diversity, Equity and 
Inclusion (DEI) targets, from their incentive plans, but the trend for the inclusion of other 
ESP metrics is still positive.30

7.4 Preferences for ESP
Preferences for ESP play a crucial role in the model. They drive its predictions.

We assumed 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; Baker, Egan, and Sarkar 2022; Heeb et al. 2023; 
Humphrey et al. 2023).

The modelization of social preferences of the board (in equation (2)) and of investors is 
similar to the one in P�astor, Stambaugh, and Taylor (2021), Broccardo, Hart, and Zingales 
(2022), Friedman, Heinle, and Luneva (2022), Geelen, Hajda, and Starmans (2023), 
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 evi
dence on ESG-linked compensation (Homroy, Mavruk, and Nguyen 2023).

A discrepancy between parameters αB and αI can arise because the board’s interests are 
not fully aligned with shareholders’, or 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 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 
αI>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 αI ¼ 0 even 
though they would be better off if the firm reduced externalities. In this latter case, a board 
with αB>0 solves a coordination problem by encouraging externalities mitigation above 
and beyond the level that would maximize the stock price (Oehmke and Opp 2024).

Supplementary Appendix Section A.2 presents alternative interpretations of the model. 
In particular, αB might not reflect the intrinsic preferences of the board. Instead, the board 
might set managerial incentives “as if” it were socially responsible (with αB>0) as a way 
to commit to socially responsible policies. This could allow the firm to raise funding at a 
lower cost or to hire socially responsible employees.

7.5 Heterogeneous ESP preferences
In the Supplementary Appendix Section A.1.2, we analyze the outcome when the board 
and stock market investors don’t put the same weight on all ESP measures. For example, 
the board might care more about the firm’s carbon emissions but less about working condi
tions 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 com
pensation, profits-based compensation to discourage excessive investments in working con
ditions (from the board’s perspective), and compensation contingent on the firm’s carbon 
intensity 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 

29 Source: 2024 Proxy Roundup: ESG Metrics in Incentive Compensation Plans, Harvard Law School Forum 
on Corporate Governance, August 5 2024.

30 Source: Companies drop DEI targets from bonus plans on pressure from conservatives, Financial Times, 
July 21, 2024.
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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 in
vestment on other dimensions. Thus, it will not use profits-based compensation, even 
though its negative effect on carbon emissions could 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. In sum, contract complexity, as proxied by the different types of 
performance measures used, does not necessarily rise when the divergence in preferen
ces increases.

8. Conclusion
Criticisms leveled at ESG-based compensation cannot be answered by existing models of 
multitasking in which performance is measured ex-post with noise: as is well-known, im
perfect measurement does not rule out performance-based compensation. To address these 
criticisms, we let the manager know the bias in performance measurement at the time of 
making investment decisions, which allows him to game ESP-based incentives. We also 
study the outcome with heterogeneous ESP measurement.

We show that ESG-linked compensation will only be used when the level of social invest
ments preferred by the board exceeds the one that maximizes the stock price, that is, when 
the board does not maximize the stock price. This contradicts the notion that ESP-based 
compensation will increase firm value. Moreover, even though it is sometimes second-best 
optimal, incorporating ESP measures in the contract distorts the manager’s incentives for 
social investments. This distortion reduces the optimal sensitivity of compensation to ESP 
measures. Finally, we have shown that heterogeneity in social performance measurement 
can be useful to mitigate gaming.

The model has normative implications for the regulation of ESP measures including ESG 
scores and ratings. Indeed, it is harder for the manager to game ESP incentives when there 
are different ESG raters that use a variety of data and methodologies to produce ESG scores 
and ratings of a similar quality. This suggests that the harmonization of ESP measures may 
have a counterproductive effect. This should be taken into account at a time when a uni
form standard is considered. For example, the objective of the International Sustainability 
Standards Board (ISSB) is to develop a global standard for sustainability reporting.

Finally, it is worth noting that our optimal contracting perspective did not consider sev
eral factors. On the firm side, it did not consider other motivations for providing ESP- 
based incentives, including public scrutiny and political pressures (“virtue signaling”). On 
the manager side, it did not consider factors such as opportunistic bargaining, self-dealing, 
and rent extraction. In poorly governed firms, compensation based on ESP measures could 
be used to undeservedly inflate managerial compensation (Bebchuk and Tallarita 2022). 
Likewise, heterogeneous ESP measurement could allow managers to opportunistically 
cherry-pick the metrics that shed the best light on their performance. By delineating the cir
cumstances in which ESP measures-based compensation is optimal, our results can help 
identify instances in which this type of compensation exacerbates rather than ameliorates 
the agency problem.

Acknowledgments
For useful comments and suggestions, we thank the Editor (Marcus Opp), an Associate 
Editor, a referee, as well as Jeremy Bertomeu, Jean de Bettignies, Milo Bianchi, J€org Budde 
(discussant), Alexander David, Alexander Dyck, Alex Edmans, Thomas Geelen (discus
sant), Christian Hofmann, Nicolas Inostroza, Doron Levit (discussant), Jan Mahrt-Smith, 

Executive compensation with environmental and social performance                                             799 

D
ow

nloaded from
 https://academ

ic.oup.com
/rof/article/29/3/779/8046670 by guest on 27 M

ay 2025



Lucas Mahieux, Marcus Opp (discussant), Mariana Sailer (discussant), G€unter Strobl, 
Katrin Tinn, John Van Reenen, and participants at the Accounting and Economics Society 
webinar, Accounting Research Workshop, American Finance Association, Asia Meeting of 
the Econometric Society, CSFN Conference on Governance and Sustainability, Erasmus 
Corporate Governance Conference, Qu�ebec Political Economy Conference, SFS Cavalcade, 
University of Alberta, University of Calgary, and University of Toronto.

Supplementary material
Supplementary material is available at Review of Finance online.

Funding
Funding support for this article was provided by the Social Sciences and Humanities 
Research Council (Insight Grant 435-20210516).

Conflicts of interest: None declared.

Data availability
No new data were generated or analyzed in support of this research.

References
Baker, G. P. 1992. “Incentive Contracts and Performance Measurement.” Journal of Political Economy 

100: 598–614.
Baker, G. 2002. “Distortion and Risk in Optimal Incentive Contracts.” Journal of Human Resources 

37: 728–51.
Baker, M., M. L. Egan, and S. K. Sarkar. 2022. “How Do Investors Value ESG?” NBER Working 

Paper 30708.
Barber, B. M., A. Morse, and A. Yasuda. 2021. “Impact Investing.” Journal of Financial Economics 

139: 162–85.
Baron, D. P. 2008. “Managerial Contracting and Corporate Social Responsibility.” Journal of Public 

Economics 92: 268–88.
Bauer, R., T. Ruof, and P. Smeets. 2021. “Get real! Individuals Prefer More Sustainable Investments.” 

Review of Financial Studies 34: 3976–4043.
Bebchuk, L. A., and R. Tallarita. 2022. “The Perils and Questionable Promise of ESG-based 

Compensation.” Journal of Corporation Law 48: 37–75.
B�enabou, R., and J. Tirole. 2016. “Bonus Culture: Competitive Pay, Screening, and Multitasking.” 

Journal of Political Economy 124: 305–70.
Berg, F., J. F. K€olbel, A. Pavlova, and R. Rigobon. 2021. “ESG confusion and Stock Returns: Tackling the 

Problem of Noise.” Working Paper, MIT.
Berg, F., J. F. K€olbel, and R. Rigobon. 2022. “Aggregate Confusion: The Divergence of ESG Ratings.” 

Review of Finance 26: 1315–44.
Bertomeu, J., M. Darrough, and W. Xue. 2017. “Optimal Conservatism with Earnings Manipulation.” 

Contemporary Accounting Research 34: 252–84.
Beyer, A., I. Guttman, and I. Marinovic. 2014. “Optimal Contracts with Performance Manipulation.” 

Journal of Accounting Research 52: 817–47.
Bolton, P., and M. Kacperczyk. 2021. “Do Investors Care about Carbon Risk?” Journal of Financial 

Economics 142: 517–49.
Bond, P., and A. Gomes. 2009. “Multitask Principal–Agent Problems: Optimal Contracts, Fragility, and 

Effort Misallocation.” Journal of Economic Theory 144: 175–211.
Bonham, J., and A., Riggs-Cragun 2021. “Contracting on What Firm Owners Value.” Working Paper, 

University of Chicago.

800                                                                                                                               Chaigneau and Sahuguet 
D

ow
nloaded from

 https://academ
ic.oup.com

/rof/article/29/3/779/8046670 by guest on 27 M
ay 2025

https://academic.oup.com/rof/article-lookup/doi/10.1093/rof/rfaf012#supplementary-data


Bonham, J., and A., Riggs-Cragun 2022. “Motivating ESG Activities through Contracts, Taxes and 
Disclosure Regulation.” Working paper, University of Chicago.

Broccardo, E., O. Hart, and L. Zingales. 2022. “Exit versus Voice.” Journal of Political Economy 
130: 3101–45.

Bucourt, N., and N. Inostroza. 2023. “ESG Investing and Managerial Incentives.” Working Paper, 
University of Toronto.

Budde, J. 2007. “Performance Measure Congruity and the Balanced Scorecard.” Journal of Accounting 
Research 45: 515–39.

Caskey, J., and V. Laux. 2017. “Corporate Governance, Accounting Conservatism, and Manipulation.” 
Management Science 63: 424–37.

Chatterji, A. K., R. Durand, D. I. Levine, and S. Touboul. 2016. “Do Ratings of Firms Converge? Implications 
for Managers, Investors and Strategy Researchers.” Strategic Management Journal 37: 1597–614.

Christensen, D. M., G. Serafeim, and A. Sikochi. 2022. “Why is Corporate Virtue in the Eye of the 
Beholder? The Case of ESG Ratings.” The Accounting Review 97: 147–75.

Cohen, S., I. Kadach, G. Ormazabal, and S. Reichelstein. 2023. “Executive Compensation Tied to ESG 
Performance: International Evidence.” Journal of Accounting Research 61: 805–53.

Datar, S., S. C. Kulp, and R. A. Lambert. 2001. “Balancing Performance Measures.” Journal of 
Accounting Research 39: 75–92.

Dewatripont, M., I. Jewitt, and J. Tirole. 2000. “Multitask Agency Problems: Focus and Task 
Clustering.” European Economic Review 44: 869–77.

Dewatripont, M., and J. Tirole. 2022. “The Morality of Markets.” Journal of Political Economy 
132: 2531–880.

Dikolli, S. S., C. Hofmann, and S. L. Kulp. 2009. “Interrelated Performance Measures, Interactive Effort, 
and Incentive Weights.” Journal of Management Accounting Research 21: 125–49.

Dikolli, S. S., M. M. Frank, Z. Guo, and L. J. Lynch. 2023. “ESG Mutual Fund Voting on Executive 
Compensation Shareholder Proposals.” Journal of Management Accounting Research 35: 51–74.

Duchin, R., J. Gao, and Q. Xu. 2024. “Sustainability or Greenwashing: Evidence from the Asset Market 
for Industrial Pollution.” Journal of Finance forthcoming.

Dyck, A., K. V. Lins, L. Roth, M. Towner, and H. F. Wagner. 2023. “Renewable Governance: Good for 
the Environment?” Journal of Accounting Research 61: 279–327.

Ederer, F., R. Holden, and M. Meyer. 2018. “Gaming and Strategic Opacity in Incentive Provision.” 
RAND Journal of Economics 49: 819–54.

Edmans, A. 2021. “Why Companies Shouldn’t Tie CEO Pay to ESG Metrics.” Wall Street Journal June 27.
Edmans, A. 2023. “The End of ESG.” Financial Management 52: 3–17.
Edmans, A., and X. Gabaix. 2011. “Tractability in Incentive Contracting, “ Review of Financial Studies 

24: 2865–94.
Edmans, A., X. Gabaix, and D. Jenter. 2017. “Executive Compensation: A Survey of Theory and 

Evidence.” The Handbook of the Economics of Corporate Governance 1: 383–539.
Falck, O., and S. Heblich. 2007. “Corporate Social Responsibility: Doing Well by Doing Good.” Business 

Horizons 50: 247–54.
Feltham, G. A., and J. Xie. 1994. “Performance Measure Congruity and Diversity in Multi-Task 

Principal/Agent Relations.” The Accounting Review 69: 429–53.
Fiechter, P., J. M., Hitz, and N. Lehmann. 2022. “Real Effects of a Widespread CSR Reporting Mandate: 

Evidence from the European Union’s CSR Directive.” Journal of Accounting Research 60: 1499–549.
Flammer, C., B. Hong, and D. Minor. 2019. “Corporate Governance and the Rise of Integrating 

Corporate Social Responsibility Criteria in Executive Compensation: Effectiveness and Implications 
for Firm Outcomes.” Strategic Management Journal 40: 1097–122.

Flammer, C., and A. Kacperczyk. 2016. “The Impact of Stakeholder Orientation on Innovation: Evidence 
from a Natural Experiment.” Management Science 62: 1982–2001.

Friedman, H. L., M. S. Heinle, and I. Luneva. 2022. “A Theoretical Framework for ESG Reporting to 
Investors.” Working Paper, UCLA.

Gaynor, M., N. Mehta, and S. Richards-Shubik. 2023. “Optimal Contracting with Altruistic Agents: 
Medicare Payments for Dialysis Drugs.” American Economic Review 113: 1530–71.

Gillan, S. L., A. Koch, and L. T. Starks. 2021. “Firms and Social Responsibility: A Review of ESG and 
CSR Research in Corporate Finance.” Journal of Corporate Finance 66: 101889.

Geelen, T., J., Hajda, and J., Starmans 2023. “Sustainable Organizations.” Working Paper, Pennsylvania 
State University.

Executive compensation with environmental and social performance                                             801 

D
ow

nloaded from
 https://academ

ic.oup.com
/rof/article/29/3/779/8046670 by guest on 27 M

ay 2025



Goldstein, I., A., Kopytov, L., Shen, and H., Xiang 2022. “On ESG investing: Heterogeneous preferences, 
information, and asset prices.” Working paper, University of Pennsylvania.

Gryglewicz, S., S. Mayer, and E. Morellec. 2020. “Agency Conflicts and Short-Versus Long-Termism in 
Corporate Policies.” Journal of Financial Economics 136: 718–42.

Hart, O., and L. Zingales. 2017. “Companies Should Maximize Shareholder Welfare Not Market Value.” 
Journal of Law, Finance, and Accounting 2: 247–75.

Hartzmark, S. M., and A. B. Sussman. 2019. “Do Investors Value Sustainability? A Natural Experiment 
Examining Ranking and Fund Flows.” Journal of Finance 74: 2789–837.

Heeb, F., J. F. K€olbel, F. Paetzold, and S. Zeisberger. 2023. “Do Investors Care about Impact?” Review of 
Financial Studies 36: 1737–87.

Hoffmann, F., and S. Pfeil. 2021. “Dynamic Multitasking and Managerial Investment Incentives.” 
Journal of Financial Economics 142: 954–74.

Holmstr€om, B. 1979. “Moral Hazard and Observability.” Bell Journal of Economics 10: 74–91.
Holmstr€om, B., and P. Milgrom. 1991. “Multitask Principal-Agent Analyses: Incentive Contracts, Asset 

Ownership, and Job Design.” Journal of Law, Economics & Organization 7: 24–52.
Holmstr€om, B., and J. Tirole. 1993. “Market Liquidity and Performance Monitoring.” Journal of 

Political Economy 101: 678–709.
Homroy, S., T. Mavruk, and V. D. Nguyen. 2023. “ESG-Linked Compensation, CEO Skills, and 

Shareholders’ Welfare.” Review of Corporate Finance Studies 12: 939–985.
H€orner, J., and N. S. Lambert. 2021. “Motivational Ratings.” Review of Economic Studies 88: 1892–935.
Humphrey, J., S. Kogan, J. S. Sagi, and L. T. Starks. 2023. “The Asymmetry in Responsible Investing 

Preferences.” NBER Working Paper 29288.
Ikram, A., Z., Li, and D. Minor. 2023. “CSR-Contingent Executive Compensation Contracts.” Journal of 

Banking & Finance 151: 105655.
Innes, R. D. 1990. “Limited liability and Incentive Contracting with Ex-Ante Action Choices.” Journal of 

Economic Theory 52: 45–67.
Jensen, M. C., and K. J. Murphy. 1990. “Performance Pay and Top-Management Incentives.” Journal of 

Political Economy 98: 225–64.
Kerr, S. 1975. “On the Folly of Rewarding A, While Hoping for B.” Academy of Management Journal 

18: 769–83.
Kvaløy, O., and T. E. Olsen. 2022. “Balanced Scorecards: A Relational Contract Approach.” Journal of 

Accounting Research 61: 619–652.
Larcker, D. F., L. Pomorski, B. Tayan, and E. M. Watts. 2022. “ESG Ratings: A Compass without 

Direction.” Working Paper, Stanford University.
Laux, C. 2001. “Limited-Liability and Incentive Contracting with Multiple Projects.” RAND Journal of 

Economics 32: 514–26.
Lee, A. H. 2021. Keynote Address at the 2021 Society for Corporate Governance National Conference, 

June 28.
Mischke, J., L. Woetzel, and M. Birshan. 2021. “The Necessity of Doing Well by Doing Good.” Milken 

Institute Review, April.
Munk, C. W. 2024. “How to Make Climate Progress: Tie It to CEO Pay.” Wall Street Journal April 17.
Oehmke, M., and M. M. Opp. 2024. “A Theory of Socially Responsible Investment.” Review of 

Economic Studies forthcoming.
Pagano, M. S., G. Sinclair, and T. Yang. 2018. “Understanding ESG Ratings and ESG Indexes.” In 

Research Handbook of Finance and Sustainability, edited by Sabri Boubaker, Douglas Cumming and 
Duc Khuong Nguyen. Cheltenham UK: Edward Elgar Publishing.

Parlour, C. A., and U. Rajan. 2020. “Contracting on Credit Ratings: Adding Value to Public 
Information.” Review of Financial Studies 33: 1412–44.

P�astor, L., R. F. Stambaugh, and L. A. Taylor. 2021. “Sustainable Investing in Equilibrium.” Journal of 
Financial Economics 142: 550–71.

Paul, J. M. 1992. “On the Efficiency of Stock-Based Compensation.” Review of Financial Studies 
5: 471–502.

Pawliczek, A., M. E. Carter, and R. I. Zhong. 2023. “Say on ESG: The Adoption of Say-On-Pay Laws, 
ESG Contracting, and Firm ESG Performance.” Working Paper, University of Colorado Boulder.

Prendergast, C. 2002. “The Tenuous Trade-Off between Risk and Incentives, “ Journal of Political 
Economy 110: 1071–102.

802                                                                                                                               Chaigneau and Sahuguet 
D

ow
nloaded from

 https://academ
ic.oup.com

/rof/article/29/3/779/8046670 by guest on 27 M
ay 2025



Rajan, R., P. Ramella, and L.  Zingales. 2023. “What Purpose Do Corporations Purport? Evidence from 
Letters to Shareholders.” Working Paper, University of Chicago.

Riedl, A., and P. Smeets. 2017. “Why Do Investors Hold Socially Responsible Mutual Funds?” Journal of 
Finance 72: 2505–50.

Shleifer, A., and R. W. Vishny. 1997. “A Survey of Corporate Governance.” Journal of Finance 
52: 737–83.

Smith, M. J. 2002. “Gaming Nonfinancial Performance Measures.” Journal of Management Accounting 
Research 14: 119–33.

Szydlowski, M. 2019. “Incentives, Project Choice, and Dynamic Multitasking.” Theoretical Economics 
14: 813–47.

Tirole, J. 2001. “Corporate Governance.” Econometrica 69: 1–35.
Tirole, J. 2006. The Theory of Corporate Finance. Princeton, NJ: Princeton University Press.
Tonello, M. 2024. “ESG Performance Metrics in Executive Pay.” Harvard Law School Forum on 

Corporate Governance, January 15.
Walker, D. I. 2022. “The Economic (In)Significance of Executive Pay ESG Incentives.” Stanford Journal 

of Law, Business & Finance 27: 317–50.

Appendix A: stock price
This section analyzes the portfolio optimization problem of socially conscious investors 
with “warm-glow” preferences. This allows to microfound the stock price function postu
lated in equation (4).

Assume that investors can invest their wealth either at the riskfree rate, which is zero, 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 αI≥0 to the firm’s social output relative 
to its cash flows (see Section 7.4).31 They trade at t ¼ 1 after observing the financial report 
z, social investment y, and ESG score m. The firm’s stock price is set by market clearing.

All investors have the same information and therefore do not learn from the stock price. 
They are price takers. A risk-neutral investor chooses the quantity q of stock to buy condi
tional on his information available at t ¼ 1 to maximize: 

E½ð~xþ αI~υ − pÞqjy; z;m� ¼ qðE½~xjy; z;m� þαIE½~υjy; z;m�Þ− pq (A.1) 

Maximizing the expression in equation (A.1) with respect to q shows that the only stock 
price compatible with market clearing for the firm stock is 

p ¼ E½~xjy; z;m� þαIE½~υjy; z;m� (A.2) 
This is as in equation (4).

Appendix B: proofs
Proof of Lemma 1: The expected effort of the manager given the contract offered is denoted 
by be. The stock price depends on belief updating at t¼ 1, after the observation of the report 
z, investment y, and the ESG score m. Since m¼ γy and y is also observable, m reveals γ. 
Using the standard formula for the conditional expectation with normal distributions, 

E½~xjy; z;m� ¼ E½~x� þ
covð~z; ~xÞ

varð~zÞ
ðz −E½~z�Þ ¼ be − θy2þ

σ2
x

σ2
xþ σ2

z
ðz −beþ θy2Þ (B.1) 

31 This is the simplest specification of investors’ social preferences. If investors have heterogeneous social pref
erences, the parameter αI 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). 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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E½~υjy; z;m� ¼ E½~η~yþ~eyjy; z;m� ¼ yE½~ηjm; y� (B.2) 

where 

E½~ηjm; y� ¼ E½~ηjγ� ¼ E½~η� þ
covð~η;~γÞ
varð~γÞ

ðγ −E½~γ�Þ ¼ �ηþ
σ2

η

σ2
η þ σ2

γ
ðγ − �ηÞ (B.3) 

Substituting into equation (B.2), 

E½~υjy; z;m� ¼ �ηþ
σ2

η

σ2
η þ σ2

γ
ðγ − �ηÞ

 !

y ¼
σ2

η

σ2
η þ σ2

γ
mþ

σ2
γ

σ2
η þ σ2

γ
y�η (B.4) 

�

Proof of Lemma 2: The principal’s optimization problem at the first-best (without incentive 
compatibility constraints) is 

max
e;w;y;βx;βp;βm

E½Vðy; eÞ� s:t: E½uðy; eÞ�≥ �U; βx ≥0; βp ≥0 (B.5) 

where 

E½Vðy; eÞ� ¼ E½~xþαB~υ − ðwþ βx~xþ βp~pþ βm ~mÞ� (B.6) 

E½uðy; eÞ� ¼ E½wþ βx~xþ βp~pþ βm ~m�− CðeÞ (B.7) 

When m is not observed at t¼ 0, the expectation of ~η at t ¼ 0 is simply its unconditional 
expectation, �η. The principal’s objective function is concave in y, and the first-best optimal 
value of y is 

y� ¼
αB

2
�η
θ

(B.8) 

The manager must also receive an expected payment equal to �Uþ ce.
Now consider the second-best outcome with an incentive problem. The optimization 

program is as above, but it also includes the constraints that effort and investment are opti
mally chosen by the manager: fe?;y?g ¼ argmaxe;yE½uðy;eÞ�. The manager’s objective func
tion given his contract fw;βx;βp;βmg is 

E½wþ βxðe − θy2þ~exÞþ βp~pþ βmm�− CðeÞ (B.9) 

For βxþβp>0, the manager’s objective function is concave in y. The first-order condi
tion (FOC) with respect to y is 

βxð− 2θyÞþ βpð− 2θyþαI�ηÞþ βm�η ¼ 0 () y ¼
βmþ βpαI

βxþ βp

�η
2θ

(B.10) 

Thus, the first-best investment decision can be elicited at the second-best simply 
by setting 

βmþ βpαI

βxþ βp
¼ αB: (B.11) 
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The manager will optimally exert high effort (e¼ �e) if and only if 

E uðy; eÞje ¼ �e½ �− ce ≥E uðy; eÞje ¼ e
� �

() wþ βxE e − θy2þ~exje ¼ �e
� �

þ βpE ~xþαI~υje ¼ �e½ � þ βmE y~γ½ �− ce

≥wþ βxE e − θy2þ~exje ¼ e
� �

þ βpE ~xþαI~υje ¼ e
� �

þ βmE y~γ½ �

() βxþ βp
σ2

x

σ2
xþ σ2

z
≥

ce

�e − e
:

(B.12) 

Finally, given the values of fβx;βp;βmg above, the fixed wage w adjusts so that the man
ager’s expected payment is equal to �Uþ ce. This establishes that the first-best outcome can 
be achieved at the second-best. �

Proof of Lemma 3: The contract is characterized by a fixed payment w to the manager 
and by the sensitivity of pay to performance with respect to ~x , ~p, and ~m, which is given by 
fβx;βp;βmg, respectively. The principal’s optimization problem is 

max
e;w;βx;βp;βm

E½Vðy; eÞ� s:t: fe?; y?g ¼ arg max
e;y
E½uðy; eÞ�; E½uðx; y; eÞ�≥ �U; βx ≥0; βp ≥0

(B.13) 

where E½Vðy; eÞ� and E½uðy;eÞ� are defined in equations (B.6) and (B.7). The manager’s ob
jective function given his contract fw;βx;βp;βmg is 

E wþ βx e − θy2þ~ex
� �

þ βp~pþ βmmjγ
h i

− CðeÞ (B.14) 

where the stock price ~p is as in Lemma 1. For βxþβp>0, the manager’s objective func
tion is concave in y. The FOC with respect to y is 

βx − 2θyð Þþ βp − 2θyþ αI
σ2

η

σ2
η þ σ2

γ
γþ

σ2
γ

σ2
η þ σ2

γ
�η

 ! !

þ βmγ ¼ 0

() yðγÞ ¼
βmγþ βpαI

σ2
η

σ2
η þ σ2

γ
γþ

σ2
γ

σ2
η þ σ2

γ
�η

 !

βxþ βp

1
2θ

¼

βmþ βpαI
σ2

η

σ2
η þ σ2

γ

 !

γþ βpαI
σ2

γ

σ2
η þ σ2

γ
�η

βxþ βp

1
2θ

(B.15) 
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Given his contract, the manager will optimally exert high effort (e¼ �e) if and only if 

E uðy; eÞje ¼ �e½ �− ce ≥E uðy; eÞje ¼ e
� �

() wþ βxE e − θy2þ~exje ¼ �e
� �

þ βpE E ~xjy; z;m½ � þαIE ~υjy; z;m½ �je ¼ �e½ � þ βmyγ − ce

≥wþ βxE e − θy2þ~exje ¼ e
� �

þ βpE E ~xjy; z;m½ � þαIE ~υjy; z;m½ �je ¼ e
� �

þ βmyγ

() βxþ βp
σ2

x

σ2
xþ σ2

z
≥

ce

�e − e

(B.16) 

The fixed component of pay, w, is set to guarantee the manager’s participation (before 
the manager observes γ) for e¼ �e 

E½uðy;�eÞ� ¼ �W
() wþ βxE �e − θy2þ~ex

� �
þ βpE½~p� þ βmE½ ~m� ¼ �W þCð�eÞ

(B.17) 

For a given γ, the principal’s objective function in equation (B.6) can be rewritten as 

E½Vðy; eÞ� ¼ E ð1 − βxÞ �e − θy2þ~ex
� �

þ αB ~ηyþ~eyð Þ− wþ βp~pþ βm ~m
� �

jγ
h i

¼ E �e − θy2þ~exþαB ~ηyþ~eyð Þ− �W þCð�eÞ
� �

jγ
h i

¼ �e − θy2þαBE ~ηjγ½ �y − �W þCð�eÞ
� �

(B.18) 

We derive the “first-best” outcome without an agency problem (i.e., the incentive con
straint in equation (B.16) can be ignored and information is symmetric). The board chooses 
social investment y to maximize its objective function in equation (B.18), where 

E ~ηjγ½ � ¼ E ~η½ � þ
cov ~η;~γð Þ

var ~γð Þ
γ −E ~γ½ �ð Þ ¼ �ηþ

σ2
η

σ2
η þ σ2

γ
γ − �ηð Þ ¼

σ2
η

σ2
η þ σ2

γ
γþ

σ2
γ

σ2
η þ σ2

γ
�η (B.19) 

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

y�ðγÞ ¼
αB

2
1
θ

σ2
η

σ2
η þ σ2

γ
γþ

σ2
γ

σ2
η þ σ2

γ
�η

 !

(B.20) 

We now consider the second-best outcome with an agency problem. The objective func
tion of the board is still given by equation (B.18). For given γ and y, define 

f ðγ; yÞ � − θy2þαBE½~ηjγ�y (B.21) 

The first and second derivatives with respect to y are, respectively, 

fyðγ; yÞ ¼ − 2θyþαBE½~ηjγ� (B.22) 
fyyðγ; yÞ ¼ − 2θ (B.23) 
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For a given e, maximizing the objective function of the board is equivalent 
to maximizing 

E f ðγ; yÞ
� �

¼

ð

η

ð

γ
f ðγ; yÞφðγjηÞϕðηÞdγdη (B.24) 

Thus, for a given effort e and a given γ, the value of y that maximizes the board’s objec
tive function is the value of y that maximizes the expression in equation (B.24). By defini
tion of y�ðγÞ, for a given γ, the function f ðγ;yÞ is maximized by setting yðγÞ ¼ y�ðγÞ. The 
value of y that maximizes the board’s objective function is the value of y that maximizes 

max
y
E f ðγ; yÞ− f ðγ; y�ðγÞÞ
� �� �

¼ E f ðγ; yÞ− f ðγ; y�ðγÞÞ
� �� �

(B.25) 

The function f ðγ;yÞ is quadratic in y. Therefore, for a given γ, a second-order Taylor ex
pansion around y�ðγÞ is exact. 

f ðγ; yÞ ¼ f ðγ; y�ðγÞÞþ fyðγ; y�ðγÞÞðy − y�ðγÞÞþ
1
2

fyyðγ; y�ðγÞÞðy − y�ðγÞÞ2

¼ f ðγ; y�ðγÞÞþ − 2θy�ðγÞþαBE½~ηjγ�ð Þðy − y�ðγÞÞ− θðy − y�ðγÞÞ2 

Thus, 

f ðγ;yÞ− f ðγ;y�ðγÞÞ ¼ −2θy�ðγÞþαB
σ2

η

σ2
ηþσ2

γ
γþ

σ2
γ

σ2
ηþσ2

γ
�η

 ! !

ðyðγÞ−y�ðγÞÞ−θðyðγÞ−y�ðγÞÞ2

¼ 2θ −y�ðγÞþ
αB

2
1
θ

σ2
η

σ2
ηþσ2

γ
γþ

σ2
γ

σ2
ηþσ2

γ
�η

 ! !

ðyðγÞ−y�ðγÞÞ−
1
2
ðyðγÞ−y�ðγÞÞ2

 !

¼ 2θ −
1
2
ðyðγÞ−y�ðγÞÞ2

� �

¼ −θ yðγÞ−y�ðγÞð Þ
2

(B.26) 

where we used equations (B.19) and (B.20) to get the first and third equalities, 
respectively. �

Proof of Lemma 4: Plugging the investment yðγÞ optimally chosen by the manager and the 
first-best investment y�ðγÞ from equations (B.15) and (B.20), and using Lemma 3, the 
board’s optimization problem for a given effort is 

min
βx;βp;βm

θ
ð

η

ð

γ

1
2

1
θ

βmþβpαI
σ2

η
σ2

η þσ2
γ

� �

γþβpαI
σ2

γ
σ2

η þσ2
γ
�η

βxþβp
−

αB

2
1
θ

σ2
η

σ2
ηþσ2

γ
γþ

σ2
γ

σ2
ηþσ2

γ
�η

 !
0

B
@

1

C
A

2

φðγjηÞϕðηÞdγdη

() min
βx;βp;βm

1
θ

ð

η

ð

γ

βm

βxþβp
þ

βpαI

βxþβp
−αB

 !
σ2

η

σ2
ηþσ2

γ

 !

γþ
βpαI

βxþβp
−αB

 !
σ2

γ

σ2
ηþσ2

γ
�η

 !2

φðγjηÞϕðηÞdγdη

(B.27) 

Without nonnegativity constraints on contract parameters, simply set βm ¼ 0 and βpαI

βxþβp
¼

αB () βx ¼
βpαI

αB
− βp so that the expression under the integral sign in equation (B.27) is zero 

for any γ. Since this expression (a quadratic function) is nonnegative for any γ, achieving a 
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value of zero for this expression at every γ maximizes the objective function of the principal 
for a given effort, and it implies that yðγÞ ¼ y�ðγÞ8γ (see equation (B.18)). To elicit high ef
fort, use equation (B.16) to set 

βpαI

αB
− βpþ βp

σ2
x

σ2
xþ σ2

z
¼

ce

�e − e
() βp ¼

ce

�e − e
αI

αB
þ

σ2
x

σ2
xþ σ2

z
− 1

 !− 1

(B.28) 

Proof of Proposition 1: We still rely on equation (B.27). Conditional on η, the random vari
able ~γ, with PDF φðγjηÞ, is normally distributed with mean η and variance σ2

γ . Thus, Ð

γγφðγjηÞdγ ¼ η. This implies 

ð

η

ð

γ
γφðγjηÞϕðηÞdγdη ¼

ð

η

ð

γ
γφðγjηÞdγ

 !

ϕðηÞdη ¼
ð

η
ηϕðηÞdη ¼ �η (B.29) 

Moreover, 
Ð

γγ2φðγjηÞdγ ¼ E½~γ2jη� ¼ varð~γjηÞþðE½~γjη�Þ2 ¼ σ2
γ þη2. This implies 

ð

η

ð

γ
γ2φðγjηÞϕðηÞdγdη ¼

ð

η
σ2

γ þ η2
� �

ϕðηÞdη ¼ σ2
γ þ

ð

η
η2ϕðηÞdη ¼ σ2

γ þ σ2
η þ �η2 (B.30) 

The expression in equation (B.27) is globally convex with respect to βm. The FOC w.r.t. 
βm is 

1
θ

ð

η

ð

γ

2
βxþ βp

γ

 
βm

βxþ βp
þ

βpαI

βxþ βp
− αB

 !
σ2

η

σ2
η þ σ2

γ

 !

γ

þ
βpαI

βxþ βp
− αB

 !
σ2

γ

σ2
η þ σ2

γ
�η

!

φðγjηÞϕðηÞdγdη ¼ 0

()
βm

βxþ βp
þ

βpαI

βxþ βp
− αB

 !
σ2

η

σ2
η þ σ2

γ

 !

σ2
γ þ σ2

η þ �η2
� �

¼ αB −
βpαI

βxþ βp

 !
σ2

γ

σ2
η þ σ2

γ
�η2 ¼ 0

() βm ¼ αBðβxþ βpÞ− βpαI
� � σ2

γ

σ2
η þ σ2

γ

�η2

σ2
γ þ σ2

η þ �η2 þ
σ2

η

σ2
η þ σ2

γ

 !

;

(B.31) 

where we used equations (B.29) and (B.30).
We establish an intermediary result: when the nonnegativity constraint on βm does not 

bind, substituting for βm
βxþβp 

in equation (B.27): 

1
θ

ð

η

ð

γ

  

αB −
βpαI

βxþ βp

 !
σ2

γ

σ2
η þ σ2

γ

�η2

σ2
γ þ σ2

η þ �η2 þ
σ2

η

σ2
η þ σ2

γ

 !

þ
βpαI

βxþ βp
− αB

 !
σ2

η

σ2
η þ σ2

γ

!

γþ
βpαI

βxþ βp
− αB

 !
σ2

γ

σ2
η þ σ2

γ
�η

!2

φ γjηð Þϕ ηð Þdγdη

¼ αB − βpαI

βx þ βp

� �2 σ4
γ

σ2
η þ σ2

γ

� �2 θ
ð

η

ð

γ

�η2

σ2
γ þ σ2

η þ �η2 γ − �η

 !2

φ γjηð Þϕ ηð Þdγdη

(B.32) 
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Start with the case αB≤αI. Supposing that the nonnegativity constraint on βm does not 
bind, the expression under the integral sign in equation (B.32) is positive and independent 

from the contract. It is minimized by minimizing αB − βpαI

βxþβp

� �2
. With a nonnegativity con

straint on βx, this is achieved by setting βx ¼maxfβpαI

αB
− βp;0g. Substituting for βx shows 

that the expression in equation (B.32) is zero as long as the nonnegativity constraint does 

not bind for βx, that is, βpαI

αB
≥βp, which with αB≤αI is true. This implies that yðγÞ ¼ y�ðγÞ8γ 

in this case (see equation (B.26)).
Now supposing instead that the nonnegativity constraint on βm binds, that is, βm ¼ 0, 

substituting for βm in equation (B.27): 

1
θ

ð

η

ð

γ

βpαI

βxþ βp
− αB

 !
σ2

η

σ2
η þ σ2

γ
γþ

βpαI

βxþ βp
− αB

 !
σ2

γ

σ2
η þ σ2

γ
�η

 !2

φ γjηð Þϕ ηð Þdγdη (B.33) 

Also substituting for βx shows that the expression under the integral sign of equation 
(B.33) is zero for any γ as long as the nonnegativity constraint does not bind for βx, that is, 
βpαI

αB
≥βp, which with αB≤αI is always true. Since the expression in equation (B.33) (a qua

dratic function) is nonnegative for any γ, achieving a value of zero for this expression at ev
ery γ maximizes the objective function of the principal for a given effort, and it implies that 
yðγÞ ¼ y�ðγÞ8γ (see equation (B.26)).

Using these results and equation (9), expected social output when αB≤αI is 

E½~η~y� ¼ E
αB

2
1
θ

σ2
η

σ2
η þ σ2

γ
~γ þ

σ2
γ

σ2
η þ σ2

γ
�η

 !

~η

" #

¼
αB

2
1
θ

σ2
η

σ2
η þ σ2

γ
�η2þ σ2

η

� �
þ

σ2
γ

σ2
η þ σ2

γ
�η2

 !

¼
αB

2θ
σ4

η

σ2
η þ σ2

γ
þ �η2

 !

(B.34) 

Now consider the case αB>αI. Then the nonnegativity constraint on βm does not bind 
(see equation (B.31) with βx≥0), and the principal minimizes equation (B.32). This is 

equivalent to minimizing αB − βpαI

βxþβp 
subject to βx≥0, which yields βx ¼ 0. To induce effort, 

βp is set as in equation (B.16) with βx ¼ 0. Finally, βm is given in equation (B.32) with βx ¼

0 and the value of βp derived in the previous step. From equation (B.15), 

y γð Þ ¼
1
2θ

βm

βp
þαI

σ2
η

σ2
η þ σ2

γ

 !

γþαI
σ2

γ

σ2
η þ σ2

γ
�η

 !

¼
1
2θ

αB − αIð Þ
σ2

γ

σ2
η þ σ2

γ

�η2

σ2
γ þ σ2

η þ �η2 þ
σ2

η

σ2
η þ σ2

γ

 !

þ αI
σ2

η

σ2
η þ σ2

γ

 !

γþ αI
σ2

γ

σ2
η þ σ2

γ
�η

 !
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So that, also using equation (9) 

yðγÞ− y�ðγÞ ¼
1
2θ

αB − αIð Þ
|fflfflfflfflffl{zfflfflfflfflffl}

>0

σ2
γ

σ2
η þ σ2

γ

�η2

σ2
γ þ σ2

η þ �η2 γ − �η

 !

) E½yð~γÞ�−E½y�ð~γÞ� ¼
1
2θ

αB − αIð Þ
|fflfflfflfflffl{zfflfflfflfflffl}

>0

σ2
γ

σ2
η þ σ2

γ

�η2

σ2
γ þ σ2

η þ �η2 − 1

 !

�η

(B.35) 

Moreover, 

E ~η~y½ � ¼E
1
2θ

αB −αIð Þ
σ2

γ

σ2
η þσ2

γ

�η2

σ2
γ þσ2

η þ�η2 þ
σ2

η

σ2
ηþσ2

γ

 !

þαI
σ2

η

σ2
η þσ2

γ

 !

~γþαI
σ2

γ

σ2
η þσ2

γ
�η

 !

~η

" #

¼
1
2θ

αB −αIð Þ
σ2

γ

σ2
η þσ2

γ

�η2

σ2
γ þσ2

η þ�η2 þ
σ2

η

σ2
ηþσ2

γ

 !

þαI
σ2

η

σ2
ηþσ2

γ

 !

σ2
η þ�η2

� �
þαI

σ2
γ

σ2
ηþσ2

γ
�η2

 !

(B.36) 

�

Proof of Proposition 2: With N ESG scores whose noise terms are i.i.d., the average score is 
a sufficient statistic for the mean of the distribution, that is, η (from a standard application 
of the factorization theorem). Define 

�m �
1
N

XN

j¼1

mj (B.37) 

We have 

1
N

XN

j¼1

~mj ¼
1
N

XN

j¼1

y ηþ~fj

� �

¼ ηyþ
y
N

XN

j¼1

~fj (B.38) 

where the random variable 1
N

PN
j¼1

~fj is normally distributed with the following mean 
and variance 

E
1
N

XN

j¼1

~fj

2

4

3

5 ¼
1
N

XN

j¼1

E ~fj

h i

¼ 0 (B.39) 

var
1
N

XN

j¼1

~fj

0

@

1

A ¼
1

N2

XN

j¼1

var ~fj

� �

¼
1
N

σ2
γ (B.40) 

where we used the i.i.d. assumption about the noise terms. Therefore, the unconditional 
variance of ~�m=y is var ~�m=y

� �
¼ σ2

η þ
1
N σ2

γ .
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We follow the same steps as in previous proofs and accordingly we omit or abbreviate 
some steps. Using the standard formula for the conditional expectation with normal distri
butions, beliefs are updated at t ¼ 1 as follows: 

E½~υjy; z;m� ¼ E ~η~yþ~eyjy; �m
� �

¼ yE ~ηjy; �m½ � (B.41) 

E ~ηjy; �m½ � ¼ E ~η½ � þ
cov ~η; ~�m=y
� �

var ~�m=y
� � �m=y −E½ ~�m=y�

� �
¼ �ηþ

σ2
η

σηþ σ2
γ =N

�m=y − �ηð Þ (B.42) 

Substituting into equation (B.41), 

E½~υjy; z;m� ¼ y �ηþ
σ2

η

σ2
η þ σ2

γ =N
�m=y − �ηð Þ

 !

¼
σ2

η

σ2
η þ σ2

γ =N
�mþ

σ2
γ =N

σ2
η þ σ2

γ =N
y�η (B.43) 

The stock price p is set accordingly.
Since the average ESG score �m is a sufficient statistic, we consider contracts based on the 

average score �m rather than on each individual score. The average score is defined as: �m ¼
y�γ with �γ ¼ 1

N

PN
j¼1 γj. Rewriting the manager’s objective function accordingly gives 

max
e;y
E wþ βx e − θy2

� �
þ βp~pþ βm �m

�
�
��γ

� �

− CðeÞ (B.44) 

) yð�γÞ ¼
βmþ βpαI

σ2
η

σ2
η þ σ2

γ =N

� �

�γ þ βpαI
σ2

γ =N
σ2

η þ σ2
γ =N

�η

βxþ βp

1
2θ

(B.45) 

Following the same steps as in the proof of Lemma 3, maximizing the board’s objective 
function is equivalent to minimizing the expected quadratic distance between yð�γÞ and 
y�ð�γÞ, where 

E ~ηj�γ½ � ¼
σ2

η

σ2
η þ σ2

γ =N
�γ þ

σ2
γ =N

σ2
η þ σ2

γ =N
�η (B.46) 

y�ð�γÞ ¼
αB

2
1
θ

σ2
η

σ2
η þ σ2

γ =N
�γ þ

σ2
γ =N

σ2
η þ σ2

γ =N
�η

 !

(B.47) 

This problem is 

minβx;βp;βm

Ð

η
Ð

�γ

 
1
2

1
θ

βmþ βpαI
σ2

η

σ2
η þ σ2

γ =N

 !

�γ þ βpαI
σ2

γ =N
σ2

η þ σ2
γ =N

�η

βxþ βp

−
αB

2
1
θ

σ2
η

σ2
η þ σ2

γ =N
�γ þ

σ2
γ =N

σ2
η þ σ2

γ =N
�η

 !!2

φð�γjηÞϕðηÞd�γdη

(B.48) 
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We have 
Ð

�γ�γ
2φð�γjηÞd�γ ¼ E½~�γ 2

jη� ¼ varð~�γ jηÞþðE½~�γ jη�Þ2 ¼ σ2
γ =Nþη2. This implies 

ð

η

ð

�γ
�γ2φð�γjηÞϕðηÞd�γdη ¼

ð

η
σ2

γ =Nþ η2
� �

ϕðηÞdη ¼ σ2
γ =Nþ

ð

η
η2ϕðηÞdη ¼ σ2

γ =Nþ σ2
η þ �η2

(B.49) 

The expression in equation (B.48) is globally convex with respect to βm. The FOC w.r.t. 
βm is 

βm

βxþ βp
¼ αB −

βpαI

βxþ βp

 !
σ2

γ =N
σ2

η þ σ2
γ =N

�η2

σ2
γ =Nþ σ2

η þ �η2 þ
σ2

η

σ2
η þ σ2

γ =N

 !

(B.50) 

This shows that the principal’s objective function is minimized by minimizing 

αB − βpαI

βxþβp

� �2
. With a nonnegativity constraint on βx, this is achieved by setting 

βx ¼maxfβpαI

αB
− βp;0g. As above, for αB≤αI, we have βp>0, βx ¼

βpαI

αB
− βp≥0, βm as de

fined as in equation (B.50) is equal to zero, and social investment is 

yð�γÞ ¼
βpαI

σ2
η

σ2
η þ σ2

γ =N
~�γ þ σ2

γ =N
σ2

η þ σ2
γ =N

�η
� �

βxþ βp

1
2θ
¼

αB

2
1
θ

σ2
η

σ2
η þ σ2

γ =N
~�γ þ

σ2
γ =N

σ2
η þ σ2

γ =N
�η

 !

;

which is the same as y�ð�γÞ as defined in equation (B.47). Moreover, expected social output 
when αB≤αI is 

E½~η~y� ¼
βpαI

σ2
η

σ2
η þ σ2

γ =N
E½~η~�γ � þ σ2

γ =N
σ2

η þ σ2
γ =N

�ηE½~η�
� �

βxþ βp

1
2θ
¼

αB

2θ
σ4

η

σ2
η þ σ2

γ =N
þ �η2

 !

(B.51) 

In the limit, 

lim
N!1

E½~η~y� ¼
αB

2θ
�η2þ σ2

η

� �

For αB>αI, we have βx ¼ 0 and βp is as in equation (B.16) In this case, βm>0 is as in 
equation (B.50). Substituting for βx and βp in equation (B. 50) gives βm. Substituting for 
βm, βp, and βx in equation (B.45), 

y �γð Þ ¼
1
2θ

 

αB − αIð Þ
σ2

γ =N
σ2

η þ σ2
γ =N

�η2

σ2
γ =Nþ σ2

η þ �η2 þ
σ2

η

σ2
η þ σ2

γ =N

 !

�γ

þαI
σ2

η

σ2
η þ σ2

γ =N
�γ þ

σ2
γ =N

σ2
η þ σ2

γ =N
�η

 !!
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We have 

yð�γÞ− y�ð�γÞ ¼
1
2θ

αB − αIð Þ
σ2

γ =N
σ2

η þ σ2
γ =N

�η2

σ2
γ =Nþ σ2

η þ �η2 �γ −
σ2

γ =N
σ2

η þ σ2
γ =N

�η

 ! !

(B.52) 

The agency cost is derived as in Lemma 3. It is defined as a function of the number N 
of scores: 

ACðNÞ ¼ θ
ð

η

ð

γ
yð�γÞ− y�ð�γÞð Þ

2φð�γjηÞϕðηÞd�γdη

¼
αB − αIð Þ

2

2θ

ð

η

ð

γ

σ2
γ =N

σ2
η þ σ2

γ =N
�η2

σ2
γ =Nþ σ2

η þ �η2 �γ −
σ2

γ =N
σ2

η þ σ2
γ =N

�η

 !2

φð�γjηÞϕðηÞd�γdη

(B.53) 

In the limit, the agency cost is zero: limN!1ACðNÞ ¼ 0. Moreover, expected social out
put when αB>αI is 

E½~η~y� ¼
1
2θ

 

αB − αIð Þ
σ2

γ =N
σ2

η þ σ2
γ =N

�η2

σ2
γ =Nþ σ2

η þ �η2 þ
σ2

η

σ2
η þ σ2

γ =N

 !

�η2þ σ2
η

� �

þ αI �η2þ
σ2

η

σ2
η þ σ2

γ =N
σ2

η

 !!

In the limit, 

lim
N!1

E½~η~y� ¼
1
2θ

αB − αIð Þ �η2þ σ2
η

� �
þ αI �η2þ σ2

η

� �� �
¼

αB

2θ
�η2þ σ2

η

� �

�

Proof of Proposition 3: We calculate the conditional distribution of ~η after the observations 
of fγ1; γ2g. The variables ~η;~γ1;~γ2 follow a multivariate normal distribution with mean vec
tor μ and covariance matrix Σ such that 

μ ¼
E½~η�
E½~γ1�

E½~γ2�

0

B
@

1

C
A ¼

�η
�η
�η

0

B
@

1

C
A; Σ ¼

Σ11 Σ12

Σ21 Σ22

 !

(B.54) 

where 

Σ11 ¼ var ~ηð Þ; Σ12 ¼ cov ~η;~γ1ð Þ cov ~η;~γ2ð Þ
� �

;

Σ21 ¼ ΣT
12; Σ22 ¼

var ~γ1ð Þ cov ~γ1;~γ2ð Þ

cov ~γ2;~γ1ð Þ var ~γ2ð Þ

0

@

1

A

) Σ11 ¼ σ2
η ; Σ12 ¼ σ2

η σ2
η

� �
; Σ21 ¼ ΣT

12; Σ22 ¼

σ2
η þ σ2

γ1
σ2

η þ ρσγ1
σγ2

σ2
η þ ρσγ1

σγ2
σ2

η þ σ2
γ2

0

@

1

A
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The posterior distribution of ~η after observing fγ1; γ2g is normal with mean 
and variance: 

E½~ηjγ1;γ2�¼�ηþΣ12Σ−1
22

γ1 −�η

γ2 −�η

0

B
@

1

C
A

¼�ηþ σ2
η σ2

η

� �

σ2
ηþσ2

γ2

σ2
γ1

σ2
γ2

−ρ2σ2
γ1

σ2
γ2
þσ2

ηðσ2
γ1
þσ2

γ2
−2ρσγ1

σγ2
Þ

−σ2
η −ρσγ1

σγ2

σ2
γ1

σ2
γ2

−ρ2σ2
γ1

σ2
γ2
þσ2

ηðσ2
γ1
þσ2

γ2
−2ρσγ1

σγ2
Þ

−σ2
η −ρσγ1

σγ2

σ2
γ1

σ2
γ2

−ρ2σ2
γ1

σ2
γ2
þσ2

ηðσ2
γ1
þσ2

γ2
−2ρσγ1

σγ2
Þ

σ2
ηþσ2

γ1

σ2
γ1

σ2
γ2

−ρ2σ2
γ1

σ2
γ2
þσ2

ηðσ2
γ1
þσ2

γ2
−2ρσγ1

σγ2
Þ

0

B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
A

γ1 −�η

γ2 −�η

0

B
@

1

C
A

¼�ηþ
σ2

ηðσ2
γ2

−ρσγ1
σγ2
Þ

σ2
γ1

σ2
γ2

−ρ2σ2
γ1

σ2
γ2
þσ2

ηðσ2
γ1
þσ2

γ2
−2ρσγ1

σγ2
Þ

γ1 −�ηð Þ

þ
σ2

ηðσ2
γ1

−ρσγ1
σγ2
Þ

σ2
γ1

σ2
γ2

−ρ2σ2
γ1

σ2
γ2
þσ2

ηðσ2
γ1
þσ2

γ2
−2ρσγ1

σγ2
Þ

γ2 −�ηð Þ

σ2
ηjγ1;γ2

¼ σ2
η − Σ12Σ − 1

22 Σ21

¼ σ2
η −

σ4
η σ2

γ1
þ σ2

γ2
− 2ρσγ1

σγ2

� �

σ2
η σ2

γ1
þ σ2

η σ2
γ2
þ σ2

γ1
σ2

γ2
− ρ2σ2

γ1
σ2

γ2
− 2ρσ2

η σγ1
σγ2 

The stock price p is set accordingly.
Rewriting the manager’s objective function in the case with two ESG scores, and denot

ing by βj
m the sensitivity of pay to score j, gives 

max
e;y
E wþ βx e − θy2

� �
þ βp~pþ

X

j¼1;2

βj
mmj

�
�
�
�γ1; γ2

" #

− CðeÞ (B.55) 

For βxþβp>0, the manager’s objective function is concave in y. The FOC with respect 
to y is, for j 6¼ k: 

βx −2θyð Þ−2βpθyþαIβp �ηþ
X

k¼1;2

σ2
ηðσ2

γj
−ρσγk

σγj
Þ

σ2
γk

σ2
γj

−ρ2σ2
γk

σ2
γj
þσ2

ηðσ2
γk
þσ2

γj
−2ρσγk

σγj
Þ

γk −�ηð Þ

0

@

1

A

þ
P

k¼1;2 βk
mγk¼0

() yðγ1;γ2Þ¼
1
2θ

P
k¼1;2 βk

mγkþαIβp �ηþ
P

k¼1;2

σ2
ηðσ2

γj
−ρσγk

σγj
Þ

σ2
γk

σ2
γj

−ρ2σ2
γk

σ2
γj
þσ2

ηðσ2
γk
þσ2

γj
−2ρσγk

σγj
Þ

γk −�ηð Þ

0

@

1

A

βxþβp

(B.56) 
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Given his contract, the manager will optimally exert high effort (e¼ �e) if and only if 
equation (B.16) is satisfied. The fixed component of pay, w, is set to guarantee the manag
er’s participation for e¼ �e: 

E½uðy;�eÞ� ¼ �W

() wþ βxE �e − θy2þ~ex
� �

þ βpE½~p� þ
P

j¼1;2 βj
mE½ ~mj� ¼ �W þCð�eÞ

(B.57) 

Thus, the board’s objective function with high effort can be rewritten as 

E½Vðy;�eÞ� ¼ E ð1 − βxÞ �e − θy2þ~ex
� �

þ αB ~ηyþ~eyð Þ− wþ βp~pþ
P

j¼1;2 βj
m ~mj

� �h i

¼ E �e − θy2þ~exþαB ~ηyþ~eyð Þ− �W þCð�eÞ
� �h i

(B.58) 

Following the same steps as in the proof of Lemma 3, maximizing the board’s objective 
function is equivalent to minimizing the expected quadratic distance between yðγ1; γ2Þ and 
y�ðγ1; γ2Þ, where 

E ~ηjγ1; γ2½ � ¼ �ηþ
X

k¼1;2

σ2
ηðσ2

γj
− ρσγk

σγj
Þ

σ2
γk

σ2
γj

− ρ2σ2
γk

σ2
γj
þ σ2

ηðσ2
γk
þ σ2

γj
− 2ρσγk

σγj
Þ

γk − �ηð Þ

y�ðγ1; γ2Þ ¼
αB

2
1
θ

�ηþ
X

k¼1;2

σ2
ηðσ2

γj
− ρσγk

σγj
Þ

σ2
γk

σ2
γj

− ρ2σ2
γk

σ2
γj
þ σ2

ηðσ2
γk
þ σ2

γj
− 2ρσγk

σγj
Þ

γk − �ηð Þ

0

@

1

A

(B.59) 

This problem is 

minβx;βp;βk
m

P
k¼1;2

Ð

η
Ð

γk

 
1
2

1
θ

βk
mγkþαIβp

�η
2
þ

σ2
ηðσ2

γj
−ρσγk

σγj
Þ

σ2
γk

σ2
γj

−ρ2σ2
γk

σ2
γj
þσ2

ηðσ2
γk
þσ2

γj
−2ρσγk

σγj
Þ

γk −�ηð Þ

0

@

1

A

βxþβp

−
αB

2
1
θ

�η
2
þ

σ2
ηðσ2

γj
−ρσγk

σγj
Þ

σ2
γk

σ2
γj

−ρ2σ2
γk

σ2
γj
þσ2

ηðσ2
γk
þσ2

γj
−2ρσγk

σγj
Þ

γk −�ηð Þ

0

@

1

A

!2

φðγkjηÞϕðηÞdγkdη

minβx;βp;βk
m

1
2

1
θ

X

k¼1;2

ð

η

ð

γk

 
βk

m

βxþβp
þ

αIβp

βxþβp
−αB

 !
σ2

ηðσ2
γj

−ρσγk
σγj
Þ

σ2
γk

σ2
γj

−ρ2σ2
γk

σ2
γj
þσ2

ηðσ2
γk
þσ2

γj
−2ρσγk

σγj
Þ

0

@

1

Aγk

þ
αIβp

βxþβp
−αB

 !
1
2

−
σ2

ηðσ2
γj

−ρσγk
σγj
Þ

σ2
γk

σ2
γj

−ρ2σ2
γk

σ2
γj
þσ2

ηðσ2
γk
þσ2

γj
−2ρσγk

σγj
Þ

0

@

1

A�η

!2

φðγkjηÞϕðηÞdγkdη
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The expression in equation (B.60) is globally convex with respect to βk
m. The FOC w.r.t. 

βk
m when the nonnegativity constraints on βj

m are not binding gives 

βk
m

βxþ βp
¼ αB −

αIβp

βxþ βp

 ! 
1
2

�η2

σ2
γk
þ σ2

η þ �η2

þ
σ2

ηðσ2
γj

− ρσγk
σγj
Þ

σ2
γk

σ2
γj

− ρ2σ2
γk

σ2
γj
þ σ2

ηðσ2
γk
þ σ2

γj
− 2ρσγk

σγj
Þ

1 −
�η2

σ2
γk
þ σ2

η þ �η2

 !!
(B.61) 

Letting Sk �
σ2

η ðσ2
γj

− ρσγk
σγj Þ

σ2
γk

σ2
γj

− ρ2σ2
γk

σ2
γj
þσ2

η ðσ2
γk
þσ2

γj
− 2ρσγk

σγj Þ
and substituting in equation (B.60) when βk

m 

is as in equation (B.61): 

minβx;βp

1
2

1
θ
X

k¼1;2

ð

η

ð

γk

  

αB −
αIβp

βxþβp

 !
1
2

�η2

σ2
γk
þσ2

ηþ�η2þSk 1−
�η2

σ2
γk
þσ2

ηþ�η2

 ! !

þ
αIβp

βxþβp
−αB

 !

Sk

!

γkþ
αIβp

βxþβp
−αB

 !
1
2

−Sk

� �

�η

!2

φðγkjηÞϕðηÞdγkdη

()minβx;βp
αB − αIβp

βxþβp

� �2 1
2

1
θ

X

k¼1;2

ð

η

ð

γk

 
1
2

�η2

σ2
γk
þσ2

ηþ�η2þSk 1−
�η2

σ2
γk
þσ2

ηþ�η2

 ! !

−Sk

 !

γk

−
1
2

−Sk

� �

�η

!2

φðγkjηÞϕðηÞdγkdη

(B.62) 

The expression under the integral signs in equation (B.62) is positive and independent 
from the contract. The expression in equation (B.62) is minimized by minimizing 

αB − αIβp

βxþβp

� �2
. This is achieved as in the proof of Proposition 1.

First, when αB≤αI so that βk
m ¼ 0 for any k, substituting in equation (B.56): 

yðγ1; γ2Þ ¼ αB �ηþ
X

k¼1;2

σ2
ηðσ2

γj
− ρσγk

σγj
Þ

σ2
γk

σ2
γj

− ρ2σ2
γk

σ2
γj
þ σ2

ηðσ2
γk
þ σ2

γj
− 2ρσγk

σγj
Þ

γk − �ηð Þ

0

@

1

A
1
2θ

¼ αB �ηþ
X

k¼1;2

Sk γk − �ηð Þ
� � 1

2θ
;

(B.63) 

which is as in equation (B.59). In this case, expected social output is 

E ~η~y½ � ¼
αB

2θ
E ~η½ ��ηþ

X

k¼1;2

Sk E ~η~γk½ �−E ~η½ ��η
� �� �

¼
αB

2θ
�η2þ

X

k¼1;2

σ2
ηðσ2

γj
− ρσγk

σγj
Þ

σ2
γk

σ2
γj

− ρ2σ2
γk

σ2
γj
þ σ2

η ðσ2
γk
þ σ2

γj
− 2ρσγk

σγj
Þ

σ2
η

0

@

1

A
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For ρ¼ − 1, 

E ~η~y½ � ¼
αB

2θ
�η2þ

X

k¼1;2

σ2
ηðσ2

γj
þ σγk

σγj
Þ

σ2
γk

σ2
γj

− σ2
γk

σ2
γj
þ σ2

ηðσ2
γk
þ σ2

γj
þ2σγk

σγj
Þ

σ2
η

0

@

1

A

¼
αB

2θ
�η2þ

X

k¼1;2

σγj

σγk
þ σγj

σ2
η

 !

¼
αB

2θ
�η2þ σ2

η

� �
;

which is larger than in equation (B.34) (the case with one ESG score) for any parameter val
ues. Moreover, E ~η~y½ � is continuous in ρ so that the result about ρ in Proposition 3 when 
αB≤αI holds by a continuity argument. As σγ2

! 0, 

E ~η~y½ � !
αB

2θ
�η2þ σ2

η

� �

which is larger than in equation (B.34) for any parameter values. Moreover, E ~η~y½ � is con
tinuous in σγ2 

so that the result about σγ2 
in Proposition 3 when αB≤αI holds by a continu

ity argument.
Second, when αB≥αI so that βx ¼ 0, substituting in equation (B.56) with βk

m as in equa
tion (B.61) when the nonnegativity constraints on βj

m are not binding: 

yðγ1; γ2Þ ¼
1
2θ
X

k¼1;2

 

αB − αIð Þ
1
2

�η2

σ2
γk
þ σ2

η þ �η2 þSk 1 −
�η2

σ2
γk
þ σ2

η þ �η2

 ! !

γk

þ αI
�η
2
þSk γk − �ηð Þ

� �!

In this case, expected social output is 

E ~η~y½ � ¼
1
2θ
X

k¼1;2

 

αB − αIð Þ
1
2

�η2

σ2
γk
þ σ2

η þ �η2 þSk 1 −
�η2

σ2
γk
þ σ2

η þ �η2

 ! !

�η2þ σ2
η

� �

þαI
�η2

2
þSk �η2þ σ2

η − �η2
� �

� �!

For ρ¼ − 1, 

E ~η~y½ � ¼
1
2θ
X

k¼1;2

 

αB − αIð Þ
1
2

�η2

σ2
γk
þ σ2

η þ �η2 þ
σγk

σγ2
þ σγ1

1 −
�η2

σ2
γk
þ σ2

η þ �η2

 ! !

�η2þ σ2
η

� �

þαI
�η2

2
þ

σγk

σγ2
þ σγ1

�η2þ σ2
η − �η2

� �
 !!

¼
αB

2θ
�η2þ σ2

η

� �

(B.64) 
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which is larger than in equation (B.36) for any parameter values, and the nonnegativity 
constraints on βj

m are not binding. Moreover, E ~η~y½ � is continuous in ρ so that the result 
about ρ in Proposition 3 when αB>αI holds by a continuity argument. As σγ2

! 0: 

E ~η~y½ � !
1
2θ

αB − αIð Þ
�η2

σ2
γk
þ σ2

η þ �η2 þ 1 −
�η2

σ2
γ1
þ σ2

η þ �η2

 ! !

�η2þ σ2
η

� �
þαI �η2þ σ2

η

� �
 !

¼
αB

2θ
�η2þ σ2

η

� �

which is larger than in equation (B.36) for any parameter values, and the nonnegativity 
constraints on βj

m are not binding. Moreover, E ~η~y½ � is continuous in σγ2 
so that the result 

about σγ2 
in Proposition 3 when αB>αI holds by a continuity argument. �
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