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A theoretical framework for environmental and social impact

reporting

1 Introduction

As the awareness about climate change and social inequity becomes more widespread, con-
sumers, investors, and regulators are increasingly responding to firms’ environmental and
social impacts (ESI).! Central to the decisions that the respective stakeholders need to make
is the information that they have available. As a result, government and industry bodies are
discussing and developing standards for firms’ ESI reporting. We add to this discussion by
providing a theoretical framework for ESI reporting, highlighting economic forces that affect
the impact of ESI reporting.

In this study, we model a firm that reports its ESI to investors, some of whom incorporate
ESI into their demand for shares, due to, e.g., altruism, a concern over ESI outcomes, or
positive affect (warm glow) from allocating wealth in line with ESI. The firm’s ESI and cash
flows depend on corporate actions, captured by a manager’s multidimensional efforts. The
efforts can have heterogeneous effects on ESI and cash flows, so that higher ESI can lead
to higher or lower cash flows and the effects can differ across efforts. While the manager
is interested in a higher stock price, investors are uncertain about the manager’s effort
choice because the manager’s preference has a stochastic component unobservable to outside
investors.

Investors in our model have access to a public report that discloses the aggregate effect of
the manager’s efforts with noise. The reporting weights on the efforts (and other variables)
allow us to nest scenarios in which a report measures the firm’s ESI directly and those where a
report measures the effects of the firms’ ESI choices on its expected cash flows. In our model,

the report is also subject to costly biasing by the manager, which captures greenwashing

'"We use ESI rather than ESG (environmental, social, and governance) or CSR (corporate social re-
sponsibility) to focus on environmental and social impacts rather than firms’ governance characteristics or
responsibilities per se.



whereby firms manipulate the reports of their ESI. Additional noise in the reporting cost
function prevents investors from unraveling the biasing, which allows greenwashing to have a
material effect on price that does not depend on the manager passing the cost of greenwashing
on to investors (as in pure window-dressing models).

Greenwashing, whereby firms present positively-biased portrayals of their ESI or CSR
activities or outcomes, is a significant problem. Underpinning the potential for harmful
greenwashing are two stylized facts. First, investors are increasingly concerned about firms’
environmental and social impacts (ESI). Second, much of the data on ESI is difficult to
measure (e.g., quality of jobs provided), or if easy to measure (e.g., smokestack emissions),
difficult to translate into dollar equivalents (e.g., effect of smokestack emissions on local and
global welfare or cost of avoiding emissions). In our model, we elaborate on various ways
firms might engage in greenwashing, and illustrate how parameters affecting different types
of greenwashing additionally affect cash flows, ESI efforts and outcomes, stock prices, and
stock price reactions to ESI reports.

In particular, we examine ex ante greenwashing related to how the report is set up,
as well as ex post greenwashing driven by the manager’s reporting and effort choices. Ex
ante greenwashing in our model relates to how ESI efforts and stochastic outcomes outside
of managers’ control are aggregated. Aggregation policies are important because different
sensitivities to efforts or stochastic components can affect market responses and managers’
incentives (i.e., how ESI scores are aggregated matters). Regarding the ex post greenwashing,
managers can directly manipulate their report to exaggerate (or dampen) reported ESI.
Additionally, managers can increase efforts that are captured relatively well in the ESI report,
and at the same time reduce efforts that have relatively small impacts on the report. Note
that while reporting greenwashing happens after the ESI efforts are chosen, it affects the
market response and therefore, in equilibrium, can have an effect on the manager’s effort
choice. ESI reporting features, through this channel, have real effects on ESI activities and

outcomes.



Our results provide guidance specifically on how the characteristics of ESI reporting can
affect cash flows, the firm’s ESI, as well as the extent of greenwashing. For example, when we
focus on a single effort (to abstract away from issues involving report incongruence) we show
that changes in reporting uncertainty affect the manager’s effort and reporting greenwashing
in the same direction. Higher reporting uncertainty increases both when ESI efforts have a
sufficiently negative impact on cash flows. We also show that reporting ESI inputs (effort)
rather than outcomes tends to decrease effort and greenwashing when the effort has a positive
impact on both cash flows and ESI. However, when the effort has a sufficiently negative effect
on cash flows, reporting ESI inputs rather than outcomes tends to increase effort levels and
greenwashing.

Focusing on how the report aggregates the manager’s efforts, we investigate reports that
are congruent to cash flows, to ESI, and to the average investor’s values. In our model,
investors learn about the manager’s efforts from the report. This implies that a report
without noise that aggregates multiple efforts according to their effect on ESI does not
perfectly reveal the cash-flow consequences of the manager’s efforts and, thus, leaves investors
with residual cash flow uncertainty. Following from that, our model shows that a cash-flow
congruent report tends to have a stronger price reaction than an ESI-congruent report. This
happens because all investors value cash flows, whereas only a fraction of investors value
the firm’s ESI.> We show that, while a cash-flow-congruent report leads to higher expected
cash flows, an ESI-congruent report leads to higher expected ESI. Finally, we show that a
values-congruent report (cash flow impact plus EST weighted by the fraction of investors who
value ESI) yields the same expected cash flows as the cash-flow-congruent report and the
same expected ESI as the ESI-congruent report. Unfortunately, the weights of the efforts in
the values-congruent report depend on the fraction of ESI investors, a parameter that likely

varies over time and across firms and is difficult to measure.

2A necessary condition for the ESI-congruent report to have a higher price reaction is that the efforts
have a stronger effect on ESI than on cash flows. In this situation, cash-flow congruency perfectly reveals
cash flow effects that, in sum, are smaller than the imperfectly revealed ESI effects.



2 Literature Review

We attempt to answer regulators’ and researchers’ calls on the optimal characteristics of
managers’ reporting about their strategies to tackle non-financial risks both internally, for
firm cash flows, and externally (Christensen et al., 2019; Grewal and Serafeim, 2020). Our
model broadly combines three strands of literature. First, similar to the literature on effort-
allocation with moral hazard, a firm’s manager privately takes multiple actions that affect
the firm’s outcomes (e.g., Holmstrom and Milgrom, 1991; Datar et al., 2001). Second, as in
the literature on earnings management, the firm discloses a report that need not be truthful
(e.g., Dye and Sridhar, 2004; Fischer and Verrecchia, 2000). Finally, some investors who
receive the report incorporate their beliefs about the firm’s ESI when forming their demand,
similar to Péstor et al. (2020) and Friedman and Heinle (2016).

We follow Paul (1992) and Feltham and Xie (1994) on their notion of the incongruity of
performance measures. We depart from these works in that we introduce an additional (non-
financial) dimension of firm performance that is valued by some investors, which, in turn,
creates a second type of incongruity - between the social impact’s and measure’s sensitivities
to agent’s actions.

Our model extends the literature on earnings management (e.g., Dye and Sridhar, 2008)
by allowing a manager to manipulate the report of firms’ environmental and social impact,
i.e., to greenwash. We analyze the manager’s reporting strategy as a function of parame-
ters capturing the manager’s incentives, information asymmetry between the manager and
investors, and the incongruity of performance measures with social and financial impact.

Several studies provide evidence that individuals value the social impact of their invest-
ments. For example, the survey in Krueger et al. (2020) suggests that institutional investors
recognize the importance of climate risks for their portfolios’ cash flows. Similarly, Bauer
et al. (2021) survey members of pension funds and find that two-thirds of respondents are
willing to sacrifice some financial benefits to invest in companies whose goals are aligned

with sustainable development goals (SDG). Barber et al. (2021) and Bolton and Kacperczyk



(2021) provide further evidence of tradeoffs between ESI and market performance.

The pricing of companies’ non-financial performance has received a much recent academic
interest. Closely related is Péstor et al. (2020), who show that agents’ tastes for green
holdings affect asset prices in equilibrium and derive predictions about the returns on a
green factor. Zerbib (2020) develops an asset-pricing model where ESG performance is
priced due to the impact of two investor groups: those that exclude certain assets from
their investment options and those that internalize private costs of externalities in their
expected returns. These investors cause two types of premia to occur: taste premia and
exclusion premia. Pedersen et al. (2020) analyze an economy where the ESG score contains
information related to firm fundamentals and investors have preferences about firms’ non-
financial performance. They show that in equilibrium, prices of assets satisfy the four-fund
separation theorem: each asset is a portfolio of a risk-free asset, tangent portfolio, minimal-
variance portfolio, and ESG-tangent portfolio. Chowdhry et al. (2018), Oehmke and Opp
(2019), and Friedman and Heinle (2021) derive conditions for impact investment to improve
social outcomes when some investors value impact as well as cash flows.

Most of the literature either assumes symmetric information and is silent on the source
of the information that investors have about firms’ non-financial performance. Lyon and
Maxwell (2011) provide a model of greenwashing based on discretionary disclosure of favor-
able signals (e.g., Jung and Kwon, 1988), in contrast to our model of reporting bias with
uncertain costs. Despite the relative paucity of theoretical research, there exists rich empir-
ical evidence for firms’ greenwashing or providing inappropriate information on their ESG
activities (e.g., Bingler et al., 2021; Basu et al., 2021; Delmas and Burbano, 2011; Marquis
et al., 2016), as well as numerous examples from the popular and business press (e.g., Brogger
and Marsh, 2021; Kowsmann and Brown, 2021).

A separate literature has focused on the materiality of ESI disclosures (e.g., Khan et al.,
2016; Jebe, 2019). Amel-Zadeh and Serafeim (2018) report survey evidence that mainstream

investment organizations primarily use ESG information because of its relevance to invest-



ment performance, ahead of client demand and ethical considerations. Materiality implies
“relevant to investor decision-making,” and can be evaluated based either on relevance to
fundamentals, i.e., future cash flows or discount rates, or based on investor responses to
ESG information releases. The Sustainability Accounting Standards Board (SASB) has pro-
mulgated industry-specific sustainability standards focuses on materiality. Our model, by
clearly delineating between cash flow relevance, investor response, and effects on ESI allows
us to show how focusing on different definitions of materiality in designing ESI reports can
affect prices, greenwashing, and corporate ESI efforts.

A related debate to investor-focused materiality is on how trading activity and investor
engagement affect firms’ social impact. Landier and Lovo (2020) show how the policy of
ESG fund forces companies to internalize (at least partially) their externalities. An ESG
fund’s optimal strategy is to invest in firms with the strongest capital search frictions and
the externalities’ inefficiency. Green and Roth (2021) derive optimal strategies for social
investors to maximize social welfare in an environment of competition between commercial
and social investors. De Angelis et al. (2020) show how companies’ greenhouse gas emissions
can be reduced through the increase in the cost of capital for those companies, that becomes
more sensitive to emissions as the share of green investors and environmental stringency
increase.

Our contribution to these streams of literature is that we explicitly model reporting
of firms’ social impact by a manager who can potentially greenwash. We show that in
equilibrium, a firm’s price is sensitive to environmental report, which is an aggregate signal
of a manager’s social effort and a part of the firm’s environmental outcome that is out of
the manager’s control. Manager’s taste for social effort is priced, and the price decreases as
exerting the effort gets costlier. We also analyze how price and its sensitivity to the report
varies with two types of a reported measure’s incongruity: material and impact. Finally,
we derive conditions for the report’s sensitivity to the manager’s efforts and an uncontrolled

part of social impact that maximizes expected price and expected total and value-weighted



social output.

3 Model and equilibrium

The manager of a firm chooses two efforts, e = (e1, e3), that can affect both the firm’s cash
flow and the firm’s ESI output.® In particular, we assume that the firm has per-share
cash flows of # = Z — 87e + &, and per-share ESI of § = nTe + gy, where &, and &, are
independent, normally distributed random variables with means of 0 and variances of o2 and
af/, respectively, and where 8 = (61,0,) € R? is a constant vector known by all actors. This
implies that effort that increases the expected ESI output decreases cash flows when 6; > 0
and increases cash flows when 60; < 0.

We assume that there is a continuum of investors with unit mass. A fraction A of
these investors value ESI, while the remaining 1 — A value only cash flows. Similar to
Péstor et al. (2020), we assume that while all investors are risk averse with respect to
cash flows, the ESI-concerned investors are risk-neutral with respect to ESI. The supply
of shares is fixed at 1. There is also a risk-free asset (money) with perfectly-elastic sup-
ply in which investors can borrow or lend. Let ¢; and [; denote the shares and money
(risk-free asset) held by investor i. The type-1 investors who care only about cash flows
have utility u; = —exp[—p (1T + [1)], whereas type-2 investors have a utility of uy =
—exp [—p(@2Z + l2) — @E [7|Q]] = —exp[—p (27 + I2)] exp [—q2 F [§|©?]], where Q is the in-
vestor’s information set.

We assume that the manager is interested in maximizing the firm’s stock price and has
a preference for the firm’s ESI output. In particular, we model the manager’s preference
for the ESI efforts with the cost >, 5, 5 (e — ¢;)°, where ¢, and ¢, are realizations of
the random vector, (2) ~ N (;ﬁ, E¢), privately observed by the manager. The market does

not observe the manager’s preferences, but it is common knowledge that ¢, is the manager’s

3We choose 2 efforts as the minimal number needed to capture issues related to report congruence and
effort allocation. The analysis extends straightforwardly to higher-dimension effort vectors.



expected bliss action on effort e; and

is the positive definite covariance matrix, which for simplicity we assume is diagonal. We
assume all random variables, ., €,, and ¢ are independent.

The timeline is as follows: at ¢ = 0, the manager privately observes ¢ = (¢, ¢2)T and
chooses e = (ey, 62)T. At t = 1 investors trade in the shares and establish the stock price, p.
At t = 2 cash flows are paid out and ESI performance is revealed. Proposition 1 summarizes

the equilibrium efforts and price.

Proposition 1 In the equilibrium without disclosure, the manager’s efforts and the stock

market price are given by

el = ¢ and (1)

pl= 2+ (M —0")p—p(6"2,6+402) . (2)

As Proposition 1 shows, the manager chooses efforts equal to their bliss point, e; = ¢,.
As a result, the expected efforts are given by their expected bliss points, ¢. Because investors
receive no additional information, the firm’s price is given by expected cash flows, E [z] =
T — 67, minus a risk premium for the uncertainty in cash flows, Var [z] = p (0T2¢0+0§),
plus the weighted expected ESI output, AE [y] = AnT'¢. These results follow prior literature
where ESI output is random and a A-fraction of investors has a risk neutral warm glow
from holding shares in a firm that provides this ESI output. In our model, we allow for a
correlation in cash flows and ESI, an incremental unit of effort e; increases ESI output by
7n; and decreases cash flows by 6;. As a result, an additional unit of effort e; changes price
by An; — 0;. In addition, because investors are risk averse with respect to cash flows, the

uncertainty about the effort effect on cash flows increases the risk premium. That is, the
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-, as well as the

risk premium arises in response to both the fundamental risk in cash flows, o

variation in cash flows that arise from the manager’s effort choice, 87 %,0 = (07 +63) o3

3.1 ESI reporting

In the baseline model above, investors receive no information about the manager’s effort
or the other random components in cash flows or ESI output. In what follows, we extend
the model to include a firm’s report about it’s aggregate ESI output. In particular, After
observing ¢ and choosing e, the manager releases a report about the expected value of the
firm’s ESI output y.

To incorporate greenwashing, we assume that the report r need not be the manager’s
truthful expectation of y but can be biased. In particular, we assume that the manager
has an an unknown cost of greenwashing the report, similar to reporting bias in Dye and
Sridhar (2004). The unknown cost prevents unraveling or undoing of the greenwashing
effect in pricing, and could alternatively be incorporated via a mechanism as in Fischer and
Verrecchia (2000) with uncertain incentives.

To analyze the effect of different reporting regimes, we allow efforts and ¢, to have
differential effects on the ESI report. Specifically, we assume that the manager’s cost of
providing report 7 is & (r — (ye1 — (qep — vE, — er)’. Here, &,, is normally distributed and
independent of the other random variables, with &, ~ N (0,02). Asin Dye and Sridhar (2004,
p. 56), &, “reflects idiosyncratic circumstances that influence the [manager’s| misreporting
costs.” The non-random reporting cost term, ¢,, is a positive constant. The (; terms capture
sensitivities of the report (costs) to efforts, while v captures the sensitivity of the report
(cost) the uncontrolled component of ESI, ¢,.For example, when ¢, = 0, the manager can
avoid any reporting costs by choosing r = ¢,e; + (ye2 + ve,. As such we can interpret these
parameters as the weights of different elements defined in the ESI reporting regulation. These
reporting parameters allow us to capture whether the report reflects ESI inputs (i.e., efforts)

or ESI outcomes (i.e., efforts and the uncontrollable ¢,) as well as two types of reporting
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incongruity. The first, which we might call (cash flow) materiality incongruity, is the degree
to which f;_; #* %. With materiality incongruity, the ESG report fails to proportionately
capture the relative impacts of e; and es on expected cash flows, E [z]. The second, which
we can call impact incongruity, is the degree to which % #+ Z—; Impact incongruity implies
that the ESG report, r, fails to proportionately capture the relative impacts of e; and ey on

expected ESI, E [y].

The manager’s objective is to maximize the above utility subject to reporting costs,
_ T T 2
Up=p—~(e—¢@) (e—¢)— = (r—C'e—ve,—¢,)",

where ¢=((;,(y)"

The adjusted timeline is as follows: The timeline is as follows at ¢ = 0, the manager
privately observes ¢ = (¢, #,)" and chooses e = (eq, e5)". At t = 1 the manager observes &,
and provides a report r to the market, investors trade in the shares and establish price p.
At t = 2 cash flows are paid out and ESI performance is revealed. Proposition 1 summarizes

the equilibrium efforts and price.

3.2 Equilibrium with ESI reporting

The following Proposition summarizes the equilibrium efforts and price.

Proposition 2 In the equilibrium with disclosure, the manager’s efforts, the disclosed re-

port, and the stock market price are given by

e = grlc 3)
r* = cﬂ +¢Ter + vey, + &p, and (4)

p* = z+(Ap"-0") (¢C+<?>) +¢ (r*— <cﬂ+ ¢<T<+CT&))

Ce Ce
075,¢¢TY,0 )

—n | 07240+02 —
P ( ¢ v CTZ]¢C + 1202 + 02
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dp* ()\1770)T2¢C+/\1/0'5
dr CTE¢§+V20'§+O'% :

where 1) =

Proposition 2 shows that disclosure of the ESI report to the market affects the manager’s
effort incentives. In addition to the bliss point, ¢, the manager also considers the marginal
impact of effort on price through the disclosed report. In particular, the %C term in (3)
incorporates the how price changes in the report, 1, the sensitivity of the report to efforts,
¢, and effort costs, c., determine the manager’s of deviation from the bliss efforts. When,
for example, the report increases in e; but decreases in ey, (; > 0 > (,, then the manager
will increase e; and decrease e relative to the equilibrium without reporting as long as stock
price increases in the report, 1» > 0. This is a type of real greenwashing where the manager
increases ESI efforts that are pronounced in disclosed reports. For example, while a public
report may stress a firm’s carbon emissions, that same report may not measure the emission
of hazardous chemicals (such as PFAS and PFOS). In this situation, real greenwashing occurs
when the manager shifts the efforts towards the reduction of carbon emissions and away from
avoiding other emissions.

The stock-price sensitivity to the disclosed report also drives another form of greenwash-
ing. This can be seen in the % term in the equilibrium report in equation (4). The stronger
the reaction to the report, the more the manager will bias the report away from the measured
efforts, ¢’e*, the measured random component in ESI, vey, and the reporting incentives,
.. In the Dye and Sridhar (2004) framework, the random reporting incentives ¢, become
similar to measurement noise from the perspective of investors. In equilibrium, the manager
places a weight of 1 on the random term and simply adds it to the report.

The equilibrium price in Proposition 2 shows that price continues to be the sum of
expected cash flows, weighted expected ESI output, and a risk premium. However, because
of the disclosed information, investors use the report (adjusted for the expected report,

Elr] = % + %CTC + ¢ @) to update their beliefs about the firm’s performance. This causes

075,¢¢7's,0

a reduction in the risk premium. As such, the last term in the risk premium, 7=—->5"—.
¢ el oito?

denotes the information content of the report about the firm’s cash flows. Here it is easy to
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see that, from the perspective of measuring cash flows, random variation in ESI and reporting
incentives in the disclosed report (V2af/ and o2, respectively) reduce the information content
of the ESI report.

Corollary 3 emphasizes the effects of a setting with ESI disclosure, relative to a setting

without.

Corollary 3 The price impact of disclosure is

3 w
p-rt = (" -0") =
(AnT — 6") Sy¢+Avo?
CTEd,CT + V2ol + o3
0",¢¢"S,0
C’TE¢,C + 1202 + a%'

(CT (p— @) +ve, +e)

+p (6)

The first term in eqn. (6) is the weighted incentive effect of disclosure, (An” — 0T) E[e* —ef].
Because the firm issues r, the firm’s price responds to the manager’s efforts and, thus, pro-
vides effort incentives to the manager. Note that the weights ()\nT — OT) show up twice
in this term, first as a leading coefficient that scales the two expected efforts and second
through the price sensitivity to the report, 1. Because price weights the two efforts by their
effects on cash flows and, partly, ESI output, the manager has corresponding incentives to
provide effort.

The second term is the price impact of the updating on the firm’s expected outcomes,
both cash and ESI. Note that the market only observes a measure that aggregates three
types of random variables, these are related to the manager’s efforts, the firm’s ESI output,
and the reporting incentives. Reporting greenwashing reduces the information that investors
can glean (about cash flows and ESI output) because price will be moved away from the true
information that the manager obtains.

The third term is the price impact of reducing cash flow uncertainty because investors

learn about the manager’s choice of effort. Because investors are risk averse with respect to
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cash flows, they demand a lower risk premium when they learn about the manager’s efforts.

We next elaborate on the equilibrium greenwashing. Prior literature has provided mul-
tiple definitions for greenwashing. Delmas and Burbano (2011, p. 65) “define greenwashing
as the intersection of two firm behaviors: poor environmental performance and positive com-
munication about environmental performance.” Implicit in their definition is a divergence
between performance and communication. Lyon and Maxwell (2011, p. 9) capture green-
washing in a selective disclosure model, and define greenwashing as “selective disclosure of
positive information about a company’s environmental or social performance, without full
disclosure of negative information on these dimensions, so as to create an overly positive
corporate image.” Lyon and Maxwell’s definition explicitly incorporates both E and S di-
mensions of ESI. However, they focus on partial disclosure, which in our model may be
related either to the properties of the report (¢, ) or the manager’s ex post reporting incen-
tives, €,. It is reasonably straightforward to interpret variation in (, v, or ¢, as outcomes
of an unmodeled partial disclosure subgame in the sense of reducing market participants’
ability to infer y from r.

In our setting, total greenwashing, in equilibrium, is the difference between the report,

r*, and the ESI outcome, y*:

G* = r*—y*:<C£+CTe*+y5y+sr)—nTe*—5y
_ T =« w
= G- et - Neyt e (7

T

The total greenwashing in (7) can be decomposed into ex ante components associated with
the design of the report and ex post components associated with equilibrium efforts. Ex ante
components include: ESI incongruence reflecting the degree to which the sensitivity of the
report to efforts differs from the sensitivity of ESI to efforts, captured by the (¢ — n)T term
multiplying e*; and whether ESI outcomes outside of the manager’s control, €,, are captured

by the report, reflected in the (v — 1) term multiplying ¢,,. We refer to this latter source of ex

14



ante greenwashing as whether the report captures inputs (i.e., efforts such as amounts spent
on carbon mitigation) or outcomes (i.e., actual emissions as reflected in y). The ex post
components of equilibrium greenwashing are related to the manager’s equilibrium choices
regarding efforts and reporting. Real greenwashing is based on the manager’s efforts, e*,
can reflect both levels and allocations of effort, and interacts with ex ante greenwashing
captured by ESI incongruence. From the expression for equilibrium effort in (3), it is clear
that real greenwashing will further depend on the manager’s stochastic preferences as well
as properties of the report. Finally, reporting greenwashing, captured by % + €,, captures
greenwashing driven by the manager’s reporting choice. Reporting greenwashing depends
on the price responsiveness to the report, v, the non-random cost of reporting bias, ¢,, and
the idiosyncratic component of the manager’s reporting objective, €,. Expected reporting

greenwashing is given by ci

4 Analysis

4.1 Comparative statics

In this section we develop comparative statics related to the equilibrium objects of interest:
price, p*; efforts, e*; and the report, r*. The comparative statics are useful in helping to

clarify the relevant economic forces in our setting.

4.1.1 Costs

We start with comparative statics related to the costs of reporting discretion and effort, ¢,
and c., respectively. With respect to c¢,, we have
dp* de* dr* P

dc,,, = 0, d_c,r = O, and dc,r = —é
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An increase in the misreporting cost tends to counterbalance the firm’s misreporting incen-
tive. When ¢ > 0 (10 < 0), an increase in the misreporting cost pushes the report down
(up), by reducing expected reporting greenwashing. Because the expected greenwashing is
unwound by investors and does not affect their ability to learn from the report about either
actions or the ESI outcome, a change in the cost of reporting discretion, c,, does not affect
equilibrium efforts or prices.

With respect to c,:

dp*

B Y de* Y dr 9
de.

T
—(An—0) ¢ *—EC, and dce__é

20 do
2’ de, 2

¢'¢.

A higher cost of effort tends to push efforts towards zero, proportional to the degree to which
they affect the report () and the effect of the report on price (v)). This has a knock-on
effect on the report and firm price, through a difference in the effect of expected efforts on

values-weighted output, — (An” — GT) C%C and the report, —C%CTC :

4.1.2 Congruence

To evaluate the effects of ¢ on the equilibrium objects of interests, we first calculate the

sensitivity of the price response to ¢

dy d (A —0)" 2,¢ + \vo?

¢ d¢ (TSy¢ + 1202 + o2
(¢S + 1202 4 02) (S (M = 0)) = 2 (A — 8)" B¢ + W) B¢
(¢TS4 + 1202 + 03)2 .

(8)
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To facilitate intuition, we write equilibrium price again, separating out the components:

po= 2+ (n-0) (?c + q‘b) (9)
T
(An —0) B¢ (10)
CTZ]¢C + V207 + o3
)\Vafj "

+CTZ¢CT + 202 + O'%T (11)

(A —0)" SyC + Ao (4 4 _
a T8¢ + v2o2 + o2 (C_r - C_eCTC N CT¢) (12)

T T
—p (0T2¢0+a§_ 0" 24CC 140 )

CTE¢C + V%i + o2

The first line, (9), shows the expected cash flows, Z, plus the effect of expected effort, F [e*] =
%C , on the values-weighted output, where the values-weighting is given by (A — H)T. The
second line in (10) is a term that captures the use of the report to learn about efforts,
which is equivalent to using the report to learn about the random bliss actions, ¢, given
e* = %C + ¢. Because the effect comes through efforts, the learning is weighted by the
values-weights, (An — 0)". The term in the third line, (11), captures the use of r to learn
about &,, which is relevant to investors but outside of the manager’s control. The fourth line,
(12), captures the adjustments for the expected report, E [r*] = % - %CTC + ¢, inherent
in using the report to learn about e* and 7* in lines (10) and (11), respectively. The last line

captures the risk premium, which is based on the ex ante expected variance of cash flows

conditional on equilibrium effort, 0T2¢0+0§, net of the amount learned about the ¢-driven

£4¢¢ Sy

randomness n eﬁort o 5 9 5
’ CTZ¢C7,+V20'§+U%’

scaled quadratically by the effects of efforts on cash

flows, 0.

1We can set E[e,] = £ + £¢7¢ + ¢" ¢, which implies E[r*] = 0 to get rid of the term in line (12).
Technically, we can set ¢ such that E [e*] = 0, but this is a knife-edge case that limits our ability to talk
about the effects of expected managerial preferences.
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Using the price decomposition in (9)-(13), and the expression for 2% in (8) we have

ac
Cffc* — (1 f;éc +¢I) (A\n — 6) (14)
(¢7SuC + 1202 +07) (S5 (0 — ) =2 (O — 0)" 55¢) B¢ )
(¢"8g¢ + 1202 + 02)° '
25, ¢

ol ¢ 16
Wy ((CTE¢C+V20§+U%)2> ' "

Y () 1/) Ldy dip¢'¢ 21/}
e (i o) e (e s i) 07

N 2 (¢"S4C + 1202 + 02) 400" %, — 2 (0T2¢¢¢T2¢0) 2¢<
: (CTE¢,C + 1202 + O'T)

In line (14), we have the effect on the expected action. Line (15) shows the effects of ¢ on
using 7 to learn about actions. There are both numerator and denominator effects. The
numerator effect is driven by the effect of ¢ on the sensitivity of r to the manager’s efforts.
The denominator effect is driven by the variance in r due to the manager’s ex ante random
preferences, ¢. Line (16) shows the effect of ¢ on using r to learn about uncontrollable ESI.
Here, only the denominator effect from (15) is present, as greater sensitivity to efforts makes
r a worse signal about ¢,. Line (17) is inconsequential, as it affects the price level via the
expected report, but it is the deviation between the realized and expected report, r — F [r],
on which learning from the report is based (see equation (5)). The risk premium, in (18)
also shows both numerator and denominator effects, similar to (15).

Congruence between the report and other objects of interest can be captured by the cosine

distance between it and another object, say 7, as If the vectors’ lengths are fixed, then

| HC I
congruence is captured by the dot product, e.g., n7'¢. Congruence can affect investors’ ability
to use reports to learn about the allocation of efforts, reflected in the (An — )" $,¢ term
n (15), and this allocation is plausibly relevant to translating efforts into cash flow and ESI

effects. Congruence with cash flow effects, 8, can help investors reduce the risk premium

associated with cash flows, as shown in line (18). However, the general takeaway from %p* in

18



(14)-(18) is that there is not an overall price-increasing effect of having reports be congruent
with ESI, via ¢ = m, or with cash flows, via { = —60. Indeed, a price-maximizing capital
markets perspective requires concern with both how congruity affects the representation of
efforts in ESI reports and how it affects learning about other features of interest to investors,
e.g., cash flows.”

To derive the effect of report-effort sensitivities on expected price, d%E [p*], note that
taking the expectation causes lines (15)-(17) in (14)-(18) to cancel out, via the law of iterated
expectations, or E[r — E[r]] = 0.

The effects on efforts and reports are:

and

Both of these depend on ¢ through (’s effect on v, the sensitivity of price to the report.

4.1.3 Reporting of ESI outcomes versus inputs

Recall that v affects whether the report captures ESI outcomes, ¢, in addition to ESI inputs
given by managerial efforts. To show how v affects the equilibrium objects of interest, we

again start with the price response, 1:

U (A —0)" S,¢ + Ao

dv d¢ ¢T8,¢ + V202 + o2

A2 ((¢"S4¢ — VP02 + 02)) — 2v02 (An — 0)" ©,¢
(¢"54¢ + w202 + 02)° |

®Setting an optimal ¢ based on either value-relevance (%p*) or expected price maximization (max¢ E [p*])
seems to require significant information about investor prefences, (A and p), the effects of various types of
ESI efforts on cash flows and ESI outcomes (1 and ), and the degree of uncontrollable factors affecting ESI
outcomes of interest, 032/. Many of these parameters are the subject of active inquiry.
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which has a positive effect related to learning about ¢, and a negative effect due to v making

it harder to learn about efforts, e.

dp* . r(dp 1 i
- V=9 <Ec_eC " d)) 1)
T 2uo?
—(An—0)" 34 . r (20)

(¢"S4¢ + V202 + 02)2
Ao (CTZ¢CT — 0. + o?) .

2 (21)
(CTE¢CT + 202 + a%)
(Y Yo dy .
— (2d_V (Z + C—eC C> + EC ¢> (22)
T T
B QUJZH YsCC X0 : (23)
(CTE¢C + 202 + a%)

In line (19), we have the effect on the expected action. Line (21) shows the effects of v on
using r to learn about uncontrolled ESI, €,. There are both numerator and denominator
effects. The numerator effect is driven by the effect of v on the sensitivity of r to ,. The
denominator effect is driven by the variance in r due to the degree to which r captures
gy. Line (20) shows the effect of v on using r to learn about the manager’s efforts. Here,
only the denominator effect from (21) is present, as greater sensitivity to uncontrollable ESI

makes 7 a worse signal about managerial efforts, e. Line (22) is inconsequential, as was line

ap”

(17) in the expression of =.

The risk premium, in (23) in contrast to (18), shows only
a denominator effect because, as with (20), reports that are more sensitive to ¢, provide
relatively less information about the manager’s efforts, which are relevant to cash flows.
Thus, the risk premium effect causes price to be lower when the ESI report is more sensitive
to uncontrollable ESI. Had we assumed a correlation between ¢, and ¢,, then information
about ¢, reflected in r would be informative about ¢, and would cause an increase in v to

have a positive effect on price via a negative effect on the risk premium.® Additionally, had

we assumed investors were risk averse with respect to ESI, then information about ¢, would

OWe derive the equilibrium with Cov (g, e,) # 0 in the Appendix.
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reduce the posterior variance of y and this would be priced.

As can be seen from the expressions for equilibrium price and price impact in (5) and
(6), respectively, and the comparative statics derived above, there are several factors that
affect outcomes of interest, even in our relatively parsimonious model. The factors interact,
furthermore, to make signing effects concisely infeasible. To facilitate the development of
intuition around the main frictions present in the setting, we divide much of the subsequent
analyses into two parts. The first part uses a single-effort setting to focus on the effects
of investor preferences, A, reporting and effort costs, ¢, and c., and ex ante ESI-related
variances, 03, 02, and o7. The second part focuses on measurement congruence, using multi-
dimensional efforts while limiting the influence of random terms only indirectly related to
effort provision. Taking ESI reporting sensitivities (¢, v) as design parameters, we consider
how these and the exogenous parameters interact to affect greenwashing, efforts that affect
ESI and cash flow performance, expected stock prices, and the sensitivity of prices to the

report.

4.2 Single-dimension

This section limits the manager to a single effort dimension, e = e, which allows for scalar
representations that focus on the implications of investor preferences, effort costs, and ESI-
related sources of uncertainty.

In a single-dimension effort setting, where n =7, 0 =0, ¢ = ¢, Xy = ai, ¢ = ¢, and
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@ = ¢, we can write (3)-(5) as

6 = o+, (21)
r; = fl +Ce* +vey + e (25)
= 151 ch + (¢ +ve, +e,, and (26)

r

p; = T+ (-0 (¢IC+¢)+%(C(¢—éﬁ)+uay+e,~)
_p<920¢ (VO' —i—a) +U§> (27)

Czai + 1202 + o2
where [ indicates the one-dimensional effort setting and

dp* (A —10) 03¢ + Ao

Vi = dr UéCQ—i—V?afj—l—a%

(28)

Corollary 4 When ESI efforts are one-dimensional, and (,n,v; > 0: the price response
to the report (), expected effort (€3), and expected report bias, (f—f ), are increasing in the
fraction of ESI-concerned investors (\), the sensitivity of ESI to managerial effort (n), and

the sensitivity of cash flows to managerial effort (—6).

Corollary 4 follows directly from comparative statics on (24) and (28). Increases in the
fraction of ESI-concerned investors (), the sensitivity of ESI to managerial effort (1), and
the sensitivity of cash flows to managerial effort (—6), each enhance the effect of managerial
effort on the firms’ output, value-weighted by average investor preferences (An — 6). Because
the report is informative about the manager’s effort, for any ¢ > 0, an increase in the

relevance of the manager’s effort to investors causes the price response to the report, v;, to

Yr

cr?

increase. ESI effort, e7, and expected reporting greenwashing, given by E [f—f + 5r] =
are both linear functions of the sensitivity of price to the report because the manager’s
incentives to engage in ESI effort or reporting bias stem from the degree to which either of

these is reflected in stock price.
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Corollary 5 When ESI efforts are one-dimensional and ¢,n,v¢; > 0: an increase in the
sensitivity of the report to managerial effort, , makes the stock price more responsive to the

report (higher 1) if and only if
(A —0) (Voo + 02— 03¢%) — 2 o > 0. (29)

When the condition in (29) is satisfied, an increase in ¢ also leads to an increase in expected
report bias ( ? ). The condition in (29) is sufficient but not necessary for expected effort to

be increasing in C.

Investors, in aggregate, use the report to learn about the manager’s effort, which is
unknown ex ante due to uncertainty about her bliss action, ¢, as well as the uncontrollable
portion of the ESI outcome €,. An increase in the sensitivity of the report to the manager’s
effort makes the report more reflective of effort but less reflective of ¢,. If the ESI and cash
flow effects of effort offset, i.e., (An —6) ~ 0, then the condition in (29) will tend to be
negative precisely because higher ¢ makes the report less informative about €,, which are
valued by the A portion of type-2 investors. When the effect of effort on values-weighted
outcomes is large, i.e., (An — @) >> 0, then learning about effort is important. However,
% can still be negative, particularly if aiC ? is large relative to 1/203 + 2. This latter effect
occurs because the variance of r is quadratic in ¢ (with coefficient aé), while the use of 7 to
learn about effort is driven by the covariance between efforts and expected outcomes (E [z]
and F [y]), which is linear in (.

In the subsections below, we exploit the expressions in (24)-(28) to explore initial ques-
tions related to ex post greenwashing via managerial actions and ex ante greenwashing

related to whether the report, r, should capture ESI inputs, e, or outputs, y. We examine

greenwashing related to incongruence in Section 4.3.
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4.2.1 Greenwashing with 1-dimensional effort and an ESI-congruent report

Let ( =n and v = 1, such that the equilibrium report becomes

i i
r}—w—+nel+€y+€r—yl ¢ Er (30)

T CT

(An—0)o2n+ro2 . e e .
where 1T = ¢ 2% From (30), we can characterize the equilibrium report as reflecting
oin?toito? ’

the firm’s ESI performance, plus a bias reflecting expected greenwashing, P /¢, plus a noise
term capturing the random component, from investors’ perspective, of reporting greenwash-
ing, €,. For instance, ¢, could capture opportunities for greenwashing or ex post concerns
about either cash flow or ESI reports that are ex ante random.

When considering reporting greenwashing in this section, there are two main parameters
of interest. The first is the manager’s reporting cost, ¢,., which encourages the manager to
provide a report closer to y + €,. The second is the variance in ¢,, 02, which introduces ex

ante randomness into the manager’s cost of providing a given report.
Corollary 6 When ESI efforts are one-dimensional and (¢,v) = (n,1):

1. An increase in the manager’s reporting cost level, c,, decreases the expected greenwash-

ing, E [r} — y}], when ¥ > 0 and increases it otherwise.

2. An increase in the manager’s reporting cost variance, o2: (i) increases the variance of
the report, 7"}; (i) makes the stock price less responsive to the report, i.e., % x —;
(iii) decreases (increases) the expected greenwashing, E [r} — y}], when ' >0 (@7 <
0); and (iv) decreases (increases) the manager’s effort level, e} = o+ %’7, when T > 0

(W' <0).

The effects of reporting cost levels and greenwashing depend on the manager’s incentives
with regard to the ESI report. For clarity, we focus our discussion on settings in which

the parameters are such that price responds positively to the report, ¢! > 0, i.e., enough
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investors care about ESI and the effects of ESI effort on cash flows are not too negative,

OUin

A > In this case, the manager, who benefits from a higher stock price, tends to bias

the report by a positive amount, f—:, in expectation. A higher reporting cost level makes
this bias more costly, and thus tends to reduce it. In expectation, this reduces expected

greenwashing.

2

rY

Reporting cost variance, oz, affects greenwashing through two separate channels. First,
it directly affects the expected divergence between the report and true ESI performance, via
higher magnitudes of ¢,. From investors’ perspectives, this makes the report more variable
or noisy with respect to underlying ESI and its cash flow implications, which both types of
investors care about. The noisier report has a weaker effect on price, which leads to the second
channel: the manager has weaker incentives to engage in greenwashing, in expectation, when
price is less responsive to the report. That is, expected greenwashing, F [r} — y}] = f—:, is
lower when the report is noisier due to an increase in the manager’s reporting cost variance.

Because prices are less responsive to the report, % o —T, higher reporting cost variance
reduces the manager’s incentives to exert efforts. This is captured in part 2(iv) of Corollary
6. This effect depends on the price response to the report, 1", as well as the sensitivity of
the report to the manager’s action, ¢ (set to n in this analysis), and the manager’s effort cost
level, c.. As in much of the real effects literature in accounting, the properties of reports
influence real efforts that managers undertake.

Price, in the one-dimensional case with (¢,v) = (n, 1), is

P _
Py =2+ —0) (@Cb—nﬂb>+¢T (77(¢—¢)+5y+5T)_p(

2 2 ( 2 2

0 Ud) (Uy + UT) 2 (31)
¢ 2035 + 02+ o2

Note that the price is not affected by the manager’s reporting cost level, c,., as this only
affects the expected greenwashing, f—T, which is anticipated and unwound when investors
use the report to learn about x and y. However, the reporting cost variance has non-trivial

effects on stock price.
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Corollary 7 When ESI efforts are one-dimensional and (¢,v) = (n, 1), the effect of report-

dp®

ing cost variance on stock price, -5, is given by the following expression
T

dpt  dyf - dipt 0*C?ot
ﬁ:iMMWH@HMM%miﬂwQ& w¢2> (32)

do?  do? do? c. 5+ o2+ 0?)

The reporting cost variance affects the firm’s stock price through three channels. First, an
increase in reporting cost variance attenuates the responsiveness of price to the report. This
is captured by the first term in (32), %’; (7] (qb — g_b) +ey+ 57,). This makes price reflect less
relevant information, i.e., less of the manager’s ex ante uncertain effort incentives reflected
in ¢ and the uncontrolled ESI output, ¢,, while also making the price less reflective of
the variable portion of the manager’s reporting costs, €,. Second, because prices are less

responsive to the report, the manager has weaker incentives to exert efforts, as reflected in

the second term in (32) dul Q=01 - Thig effect captures the effect on managerial effort from

’ do? Ce
t
part 2(iv) of Corollary 6, % = %CE, multiplied by investors’ values-weighted preferences,

An — 6, which in the one-dimensional effort model reflects the values-weighted effect of effort
on ESI and cash flows. Third, a higher reporting cost variance decreases the amount that

investors can learn from r about the firm’s cash flows. Thus, higher o2 tends to decrease price
pb?(%of

(o2 +o3+o2)”

Note that taking the expectation (32) yields the effect of reporting cost variance on the firm’s

via an increases in the risk premium, captured by the third term in (32), —

expected price. The first term drops out but the second and third remain. Thus, reporting
cost variance affects expected price via its effects on the manager’s effort incentives and the

risk premium demanded by investors after observing the report.

4.2.2 Should r capture ESI inputs outcomes?

In this section we use our single-dimension model to examine the implications of ESI reports
that focus on inputs, such as carbon mitigation efforts, versus ESI reports that focus on

outputs or outcomes, such as smokestack emissions. We capture the former case by setting
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v = 0 and the latter by setting v = 1. We have already derived the case with v = 1 above,

which yields r} = y} + f—: +¢&,. With v = 0, we have

¢0
6? = ¢+—7I;
Ce
¢
7’} = w—+nel+€r
w’

¢
= —+77<¢+1ﬁ—77) +5r7

T

dr aénQ +02

¢ 20 02
pt = j:+(>\n—0)<¢ +¢)+¢‘( (p—9)+e)— <9 ¢ +02>.

3ot + o2

Investors use the report to learn about cash flows and ESI. These, in turn, can be de-
composed into using the report to learn about the ex ante unknown determinants of the
manager’s effort, ¢, and the uncontrollable portion of ESI performance, €,. When v = 1,
the report captures €,, but this makes it harder to use the report to learn about efforts. In
contrast, when v = 0, the report is more useful with regard to learning about effort, but no
longer reflects the component of the ESI outcome that ESI-investors care about but that the

manager cannot, control.

Corollary 8 When ESI efforts are one-dimensional and ( = n, price is more positively

responsive to a report that captures ESI inputs (v = 0) than a report that captures ESI

outcomes (v =1) if and only if ¥ > ¢ gn% > .

The —OZ? > X inequality in Corollary 8 captures the relevant factors that affect the
difference in price responsiveness across settings with ESI input reports versus ESI outcome
reports. ESI outcomes are relevant to type-2 investors who intrinsically care about ¢,.
ESI inputs, while valuable to both types of investors, are valuable to type-1 investors only

because they also have cash flow implications, via . When the cash flow implications of ESI

efforts are more positive (i.e., # is more negative), price will tend to be more responsive to
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2
reports that capture only ESI inputs. Note further that the dependence of ——¢ > X on 7

o?
is driven by our assumption that n = (. That is, the 1 in the numerator of the left hand
side of the inequality reflects the sensitivity of the report to managerial effort, (, which we
have set to n so that the ESI report captures the effect of effort, e, on the ESI outcome, .
Furthermore, learning about effort is more important when ex ante uncertainty about the
manager’s effort (incentive) is more uncertain, captured by a higher aé. Finally, a higher
variance of reporting costs, o2, is more relevant, proportionally, when investors are focusing
on learning about efforts only rather than outcomes, as the variance of the outcome, vy,
incorporates the variance of €, as well as the variance of effort, e.

For ESI efforts that have positive effects on expected ESI and negative effects on expected
cash flows, i.e., n,0 > 0, the condition in Corollary 8 simplifies to —% > )\, which is false
for any A > 0. Thus, with 1,0 > 0, price is more responsive to a report that captures ESI
outcomes rather than ESI efforts. For ESI efforts that have positive effects on both expected
ESI and cash flows, i.e., n > 0 > 6, the condition in Corollary 8 simplifies to % > )\, which
can be interpreted as a comparison between a signal-to-noise ratio on the left to the fraction

of ESI-interested investors on the right.

Corollary 9 When ESI efforts are one-dimensional and ( = n, expected managerial effort

and expected greenwashing are more positive when the report captures ESI inputs (v = 0)

2
9na¢

than when the report captures ESI outcomes (v = 1) if and only if Vv >yt e — > A\

2
or

Corollary 9 is a consequence of expected effort and greenwashing (in the sense of Delmas
and Burbano, 2011) being directly responsive to the price sensitivity to the report, 1, and
Corollary 8. Interestingly, this implies that there are situations where allowing the report to
reflect ESI outcomes, which type-1 investors view as noise, can lead to more positive efforts
and potentially greater expected cash flows. Similarly, allowing the report to capture ESI
outcomes can change incentives related to ESI inputs and lead to more negative expected

ESI performance. As before, there are real effects of the measurement regime that can be ex
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ante counterintuitive. Regarding expected greenwashing, it suffices to note that this is equal
to the price responsiveness to the report, scaled by the level of reporting cost, ¢,. Thus, with
1,0 >0 (n >0 > 6), efforts and greenwashing are larger (smaller) when the report captures

ESI outcomes rather than ESI efforts alone.

4.3 Congruence

In this section, we go back to the baseline model in which the manager takes two actions.
However, to eliminate the effect of noise (from the perspective of any investor) in the report-
ing system, we assume that 05 = 02 = (. In particular, when o2 = 0, there is no uncertainty
in the manager’s bias. This allows investors to unravel the manager’s reporting strategy
to infer the linear combination of efforts implied by ¢”e. Furthermore, when 012; =0, ESI
outcomes are determined entirely by the manager’s efforts. Consequently, the report only
captures variation in ESI that is relevant for cash flows. As a result, the parameter v has no
impact on the equilibrium. Primarily, we set 05 = 02 = ( to focus on the effect of congruence
in the reporting system. In what follows, we will examine three potential reporting system
choices, cash-flow congruence ({ = —@), ESI congruence (¢ = m), and values congruence
(€y = A — 0). We assume that cash-flow and ESI impacts are not perfectly aligned, i.e.,

there is no constant x such that n = k0.

4.3.1 Comparing cash-flow congruence and ESI congruence

When o} = 07 = 0 and the report is cash-flow congruent, ¢ = —6, the equilibrium is given
by
e, = ¢— %0, Ty = % —6%¢;, (33)
T
; n Xy0
= 1-A , and 34
vi O (34
. P _
py = T+ (A" —6") (—0—%9 + ¢> — 130" (¢ — @) — po. (35)
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The last term in equation (35) is the risk premium based only on po?. The risk premium
term shows that when there is no measurement noise and the report aggregates the efforts
in the same way that they affect cash flows, investors can perfectly infer any variation in
cash flows that stems from the manager’s efforts. However, equation (34) suggests that
investors cannot perfectly infer the impact of the manager’s efforts on the ESI output. In

particular, the market response coefficient in (34) is equal to 1, for the cash-flow relevant

nTE¢9

075,06 that shows that ESI interested investors are not able to infer all

news, minus a term, A
ESI variation because the efforts are not aggregated for that purpose. The numerator in this
term captures incongruence between ESI and cash flow implications via %40, weighted by

the ¢ covariance matrix.

When 05 = 02 = 0 and the report is ESI congruent, ¢ = 1, the equilibrium is given by

r

* ¢* * 770* T %
e, = ¢+C—:77, = C—j +n e, (36)
0"Sym
Vo= A— , and 37
! n'Em (37)
* = 77Z)* 1.
Py = T+ (/\nT_eT) (C_"n+¢>
- 0" ,mm",0
* T . . 2 OTE 0 — ¢ ¢
+Uin" (¢ — @) —p (% + TS (38)

Here, the risk premium in (38) shows that when the efforts are aggregated according to their
influence on the firm’s ESI output, investors are not able to infer the entire variation in cash

flows that stems from the manager’s efforts. We can write the risk premium as

DT/ EDY o'y, (6n' —no’) %
p(o_i+9TE¢0_ ol w)zp o 4 o ( n_—1 ) Zom
n'Xgn n' Xgn

where (017T — 770T) captures the incongruence between ESI and cash flow effects, and goes
to zero as ) — k@, for some scalar . In contrast to the response coefficient ¢, in (34), ¢} in

(37) is equal to A (capturing the fraction of investors who value the ESI relevant information
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T

: : 07s
in the report) minus a term, =

ATSm that shows the inability to infer the cash flow effects

from the ESI-congruent report. As above, this term captures incongruence between ESI and
cash flow implications, weighted by the ¢ covariance matrix, via 0TZ¢77.
The following corollary compares the response coefficients across the two regimes, which

allows us to discuss differences in expected efforts and bias.

Corollary 10 When o2 = 07 = 0 and 07, | = 03 ,, (i) the response coefficient for an ESI-
congruent report is only higher than that for a cash-flow congruent report when the firm’s ESI
output is more responsive to the manager’s effort than the firm’s cash flows, i.e., w; > 1y
iff A (1 + %) > 1+ 912%%?;2”2; (ii) the firm’s expected ESI output (the firm’s expected
cash flow) is weakly higher (weakly lower) for an ESI-congruent report than for a cash-flow

congruent report, i.e., n° (ej‘z — e(’;) > 0 and —07 (ef] — e;) > 0; and (iii) expected price

is higher for an ESI-congruent report than for a cash-flow congruent report if and only if

2 62462 2
AT > n%—&-né (1 + Cep0¢).

In Corollary 10, part (i) shows that because all investors care about cash flows, the
market response to a report that focuses on cash-flow implications tends to be higher. In
order for the market response to a report that focuses on ESI outputs to be higher, the
efforts that show up in the report need to have a stronger impact on the ESI outputs. That
is, in a scenario without reporting noise, the response coefficient is largely dictated by three
components: how much there is to learn about each effort (03571-); how congruent the report is
to the interest of the respective investor; and how important the respective task is. In turn,
this implies that when the vectors 8 and 7 are of equal length (|6| = |n|), then o2 = 07 =0
and 0'3),1 = 03572 imply that the market response is stronger to a cash-flow oriented ESI report.

¢

Part (ii) of Corollary 10 effectively echoes the adage “you get what you measure.” In
particular, when the response coefficient is positive, the manager has incentives to report a
higher aggregate report. This implies that when the report is congruent to the firm’s ESI

output, then the manager has incentives to allocate more effort to a task that has a higher
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impact on the ESI output. ESI output is the same in both reporting systems when A = 0.
That is, when ESI is priced only for its effects on cash flows, then different reporting systems
do not yield different expected ESI outcomes. Furthermore, ESI and cash flow converge
under both reporting systems as z—; — Z—;, that is when the relative sensitivities of cash flows
and ESI to the manager’s efforts converge or, alternatively, when @ and 1 become congruent
such that @ — kn for scalar .

Finally, part (iii) shows that the firm’s expected stock price is higher under an ESI-
congruent reporting system when the fraction of investors that value ESI is sufficiently large.
Corollary 10 part (iii) also shows that the threshold for A increases in the risk aversion and the
variance of the effort incentives. As we discuss above, investors in our model are risk averse
with respect to cash flows, but risk neutral with respect to ESI. For this reason, the risk
premium embedded in price is lower when the report is cash-flow congruent, as investors can
use the cash-flow congruent report to infer the effort-induced variation in cash flows. A lower
investor risk aversion (or effort uncertainty), lowers the price benefit of a cash-flow congruent
report. Furthermore, part (iii) shows that the threshold for A increases in the length of the
vector @ but decreases in the length of the vector 7. When cash flow is relatively more
sensitive to the efforts measured in the ESI report (high value for 62 + 62 = 670 = |6]*), a
cash-flow congruent report has a more beneficial effect on cash flows, which makes it more
likely that a cash-flow congruent reporting system leads to higher expected prices.

For the regulation of ESI reporting, Corollary 10 (ii) implies that when the goal is to
motivate stronger ESI performance, the report should focus directly on the ESI outcome and
should define materiality in terms of the ESI outcome, rather than in terms of the firm’s
cash flows. Put another way, ex ante ESI congruence discourages ex post real greenwashing.
However, disclosure standards that are ex ante ESI congruent will come at a cost to cash
flows. From part (iii) of Corollary 10, managers who seek to maximize expected stock price

may nevertheless advocate for ESI-congruent reporting standards when there are enough

ESI sensitive investors in the market.
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4.3.2 Values congruence

The discussion so far shows that congruence of the report to the firm’s ESI output and to cash
flows comes with different costs. However, both of these reporting systems are incongruent to
the interests of an average, representative investor who values efforts according to A\n — 6. In
what follows, we investigate a values congruent reporting system ({,, = An—0), maintaining
our assumptions of 02 = 02 = 0 and 07, = 03, = 03, to focus on congruity and effort-

sensitivity issues. Here, the equilibrium is given by

e = ¢t (n—0).rp =+ 0n-0)e, (39)
W = CZ; " _ 1, and (40)
1 - _
b= 2t 0= 0 (L 0m-)+3) + (-0 (6-)
\? (91772 - ‘92771)2
— 2402 . 41
’ (UI o (Amy = 01)" + (Any — 65)° “

Because the report is not congruent with cash flows (for A > 0 and 617, # 02n,), the report
does not eliminate investors’ uncertainty about the effects of effort on cash flows, leaving a
higher risk premium in (41) than with cash-flow congruent reporting in (35). However, a

values congruent report leads to an even higher risk premium than with an ESI-congruent

62+02

5g>— Notice that when one effort increases cash flows (6; < 0) and the
111 +6275

report when 2\ >
other effort decreases cash flows (_; > 0), while both tasks increase ESI output (1,7, > 0)
the values congruent report will receive most of its variation from the effort that increases
cash flows. As a result, investors will not be able to learn about the effort that decreases
cash flows and may, thus, end up with a higher posterior uncertainty.

The following corollary compares outcomes for the values congruent reporting system

with those from the cash-flow and ESI congruent reporting systems.

Corollary 11 When o = 02 = 0 and 0, , = 0,5, = 0, a values congruent report yields:

(i) weakly higher expected ESI output and cash flows than either an ESI-congruent or a
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cash-flow-congruent report, i.e., n* (e}, —e) = 0, n” (e}, — ) > 0, 0" (e} — er) > 0,
L(91U2—92771)2 +

and 0" (et —e}) = 0; (ii) a higher price than an ESI-congruent report when P
€ 1 2

2 (91772—92771)2 _ >\2(91772—92771)2 > . ; y - -
POy < o o0 Oma 2 ) = 0; and (iii) a higher price than a cash-flow-congruent
13\2(0imy—02m)* 2 ( N(01mp—0amy)?
report when - e po, <(/\n1791)22+()\n;792)2 > 0.

Corollary 11 (i) shows the strong result that ESI output and cash flows are at least as
high with the values congruent report than with either of the other two reports. Parts (ii)
and (iii) show that the effect on the risk premium can outweigh the real effect on efforts
from the reporting system. In particular, when the risk aversion and the effort uncertainty
are sufficiently large (such that the conditions in the corollary are violated) and when the

i+03

condition 2\ > 2

IO . holds, then the values congruent report leads to lower prices due to

the loss of cash-flow relevant information.

5 Conclusion

In our model ESI reporting is of interest to investors for multiple reasons, some investors
inherently care about the firm’s ESI and all investors care about the potential cash-flow
consequences of the firm’s ESI efforts. Because ESI reporting informs investors about the
firm’s outcomes and reduces their perceived risks, it provides firms with incentives to ma-
nipulate investors’ perceptions. As such, our model speaks to a number of frictions in the
ESI reporting space. In particular, we capture several dimensions of congruity, i.e., whether
the report reflects the firm’s ESI, the firm’s ESI efforts, or the impacts of ESI actions on
cash flows. We show how the properties of the report affect the firm’s outcomes, both in
terms of cash flows and ESI. We also investigate how firms change their reports and efforts
in response to capital market incentives that originate from investors’ use of the ESI report.

Our model allows us to make several empirical predictions about the price impact and
equilibrium consequences of ESI reporting. Because our model features effects on both cash

flows and ESI, the predictions from our model could help to analyze whether and how much
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investors value ESI, over and above its impact on cash flows. The theoretical framework we
develop suggests that the characteristics of ESI reporting standards determine the impact
of the respective reports. In other words, reporting standards that lead to higher cash flows
need not lead to higher stock prices when investors directly value ESI. As a result, the
primary objective of defining reporting standards determines the optimal characteristics of

these standards.
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6 Appendix

6.1 Proof of Proposition 2

Below, we derive a linear equilibrium in which the risky asset’s price is a linear function of
the report: p = a + br. Proceeding via backward induction, we start with the competitive
market for firm shares in period 2, conditional on the report, r, provided to the market. All

investors observe . We conjecture that the manager’s choice of effort e; is linear in ¢, i.e.,

€i = Qi + Bo1 &1 + Boindss € = 0te + B¢, where ae = (arer, arez)’ and B, = Perr Perz
Bent Ben
Then the expected efforts are @ = a4+ 3,¢ and the ex ante covariance of efforts is Cov (e) =
T i 061 0 o \ , .
B.XsB., with £y = Cov (¢p) = . , . For simplicity, we set 07, = 0, = 07 in
0%

the remainder.
The report is linear in ¢, €, &, i.e., 7 = o, + 3,161 + B9e2 + Y,vE, + 7,6, = @, + Ble +

Yy VEy + V,Er, Where B, = (8,4, BTQ)T. Substituting, we have

T =, + B (Qer + Ber1 @1 + Bera®s) + Bra (Qez + Beary + Beaa®a) + v,V + 7,6r

which has expectation and covariance:

ro= a,+B/e=a, + B+ B B.P
Cov(r) = Cov (,Bfe + 7y, vey + v,.&r) = Cov (ﬁfe) + Cov (’yywsy) + Cov (v,&,)
— Cou(B18,8) + 13707 + 20t — BBEBTB, + el 4o
T
Ber Ber Ugs 0 Ber Ber

2
Beor Bean 0 04 Bear Bex
2.2 2

2 2
fYyV Uy + ")/7“0-7‘

= (ﬁrl?ﬁrQ) (67‘176r2)T+

The relevant outputs can be written as & = T — 1€ — Oyex + &, and § = 1 e1 + nyea + &y,
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where &, ~ N (0,02), and &, ~ N (0, 02). We can write these as

¥ = z—60%e+2, and

Yy = 77Te + gy
From these, we have

Elz) = 1—-0"e=z—-0"a. - 0"8,¢
Cov[z] = 0"8,%,870 + 52
Covlz,r] = Cov|[z—0"e+&,, 0, +B e+ Y VEy + V,Er]

= Cov [—OTe, BTTe] = —0T662¢56T,8T

Ely] = n"a.+n"B.¢
Covly] = n'B.SsBin+o0,
Covly,r] = Cov[n'e+z&, ar+ B e+,vE +7,&)

= Cov [nTe,ﬁfe} + Cov [éy, yyyéy}

= 1 B.SBe B, +,v0,,

Taking the manager’s strategy e = a. + 3.¢ as given, we have the following joint distri-

butions:
x N i—0"a.— 60780 0" B.248L 6 + o2 -6"3,%,8L8,
r o+ Bla.+ Bl B.¢ —0"8.,5,8l8, BIB.ZBLB, + 2P0k + 207
and
y v n o +n"B.¢ n'B.SsBin + o2 n'B.X.BLB, + v,vo?
r o, +Bra. + BB, ¢ n'B.IBLB, + v, ok Bl B.IsBLB, + 1202 + 420’
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These yield the following conditional distributions:

jy = Elalr] =7 - 0", — 078, — (078,5,676,) (885678, + 720> +1%0%)
(r = (ar + Bl + BT B.9))
= 70T, — 078,80+ (078,58 8,) (B] B.2BLB, + 12 02 +9207) " (o, + Blac + B B.)
— (07B.34818,) (B B.ZBLB, + 12 0l +420%)
Y, = Varlz|r]=60"8,2,870+ > —
(678,548 8,) (BT B.XBLB, +12%02 ++202) " (8"8.5,8!8,)
n, = Elylrl=n"a.+0"B.d+ (0" B.IsBT8, + v,v02) (B78.5:8LB, +12120% +1207)
(r— (v +Blac+B/B8.9))
= n'a.+n"B.9
— (" B.ZBIB, + 1,02) (BT B.ZBL B, + 121202 + 4202 (o + BLox + BLB.P)

-1
(0T B.SSBLB, +7,00%) (BLB.ZBB, + 2%+ 420Y)

For now, let p, = E'[x|r], ¥, = Var [z|r], and p, = E [y|r].

Investor demands conditional on price are given by

/’Laj_p

= pu— d
0 PN an
P = —s
Py
Market clearing implies
Ap+(1=Ng =1
A (1= =1
Pz * ) Pz
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Solving for p gives

P = Hy+ Ay — pXg

such that price is a linear function of the report, r.
Next, we derive the manager’s reporting strategy conditional on the market pricing func-
tion and a chosen e:

Cr
2

2

* Ce
rt e argmaxp — - Z (ei_¢i)2_ (r—Crer — Coe2 —vey — &)

1€{1,2}
CT
= argmax i, + Ay, — P — 5 (r —Crer — (pea — vey — er)?

Note from above that p, and p, are linear in 7, while A and p¥, are independent of r. The

FOC implies that :

du du
0 = 24 - —¢c.(r*—C_Ce —C(eq—ve, —é,
dr dr ( Cll <22 y )
du, dp
=rt = %+<1€1+<262+V5y+5r

— (07B.24BLB,) + A (n"B. BB, +v,v02)
¢ (81 B.T6B: B, + 712202 +1202)

+CTe—|—1/€y+5r

and the SOC is satisfied for any ¢, > 0.
Next we need to solve out for the assumed parameters in the manager’s reporting func-
tion via matching coefficients. Recall that the linear assumption was r = «, + (3,11 +

T .
ﬁr2€2 + f}/yygy + VYrEr = Or + ﬁfe + ’yyl/&“y + Vr€rs where /B'r = (67“17 51"2) . MatChlng CO-
— (078,348 B, )+A(nTB.SsBL B, +v02)
er (B B.2oBY B, 731203 +7302)

efficients implies 3, = ¢, v, = 7, = 1, and o, =

Yy
—(07B.54B ) +A(n" B4 BE CHro?)
cr(¢TB.ZeBT ¢ 1202 +02) g

At — 07 YL ¢ + o2
TZ(T’T )IBT(‘i ¢ﬁe2c2 2y+CTe+V5y+€T
¢ (¢TB.26Be ¢ + v202 + 02)
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Plugging these into the pricing function gives

p = pl+ b = p3t,

o = 1-0"a.— 07,9
(678.248:¢) (A" — 87) B,54B7¢ + Mo
(CTBRBIC + 1705+ 02) \ e (CTBEBIC + 17207 + o)
(678.548./¢) )
(¢"B.56BL¢ + v202 + 02)
(6"8.548L¢) (6"B.548L¢)
(¢"B.56BL¢ + v202 + 02)

+¢"ae + C%Jb)

i = 0"8,2,870 + 52—

ML = n'a.+n B9
_ (n"BXeB. ¢ +voy) (A" = 6") B.ZBL¢ + Mo
(CTB.EBIC+ 1203+ 02) \ o ((TBEBIC + 1707 + )
(n"B.Z4BL ¢ + vo?)
(¢"B.2BI¢C + V202 + o2) "

+€%+€m@

Finally, we solve for the manager’s choice of e.

Ce Cr
e € argmeaxE pl + /\,uL — pul — B Z (e; — ¢i)2 -5 (r —Cie1 — C(ye2 — Ve, — 5T)2
ie{1,2}

— argmax E |pul + /\,uL — p%l — % Z (e — ¢i)2 -
1€{1,2}

¢ [((OnT = 67) B,5,87¢ + wvo?
2\ e ((TB.2uBIC + 0% + 02)
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The FOC is given by

d o e d .
0 = oo B [uh 4w = p2i] - S (e = ¢) (e — ¢)
0 d
0 = o Epl+ ] d—(:—ce(e*—cb)
0 — i (eTﬁezqﬁIBZC) A (TITﬂ@E(i’BZC + Vazzl) C—c (e* _ ¢>
(C"B.ZuBeC + 1202+ 02)  (CTB.EuBLC + 1203 +02) '

. (" —06") B.3:8; ¢+l
RS (¢"B.2eBL ¢ + 1202 + 02) e

which, from e = a.+3,¢ implies 3, is a 2x2 identity matrix and o, =

AnT—0T )¢+ Avo?
¢ y

Ce (CTE¢C+VQU§+UE)

¢. Therefore, in equilibrium, we have

P =y + Ay — PG,

(AnT—6")B.54BL ¢HIvo

where
an’ —6") Ty¢+vo? _
o om 0T ( Yy o 0T
Js T o (CT50C + 10 + 02) ¢ ¢
(6724¢) (AT —0")Su¢ + Avo2 L (AT = 67) Spl+Avo?
(CTE¢C + 202 + 0%) Cr (CTE¢C + V207 + o%) Ce (CTE¢C + vio? + UZ)

(607%¢)
(CTZ¢C + viol + a%)
(67%6¢) (6"24¢)
(¢"S6¢ + 1202 +02)
r (AnT —6") Syl+Avo?

,uy n Ce (CT2¢C+V2U§+O'%)C "7 d)

Y= 0720 + 02—

r (AnT —0") Sy¢+Avo?

~ (0"B¢ +va) (An" — 6") Zy¢ + Avo?
(CTZ¢C + 1202 + o?) \ ¢ (CTE¢C + 1202 + 0?)
(n"S4¢ +vo?) .
(¢"S6¢ + 1202 + 02)
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v ¢ =
ce(¢TBEsBL CH1203+02)
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Gathering coefficients, we have p*

_ Lt <(/\,,7T —6") 2¢¢+)\ua§) ((MT ey ((A"?T —0") 5,¢ + Auaj) CT(>ZJ

ce \ ("8 + v202 + 02) (¢"S6C + 1202 + 02)

Tt _(/\nT—OT) Se¢ + Avo? o\ -
* ((/\77 0 ) (CTE¢C + 202 + a%) ¢ (43)
1 (- 8T) B¢+ e m
e\ (T8¢ + v202 + 02)
A oar ,  (6724¢) (0734¢)
P (0 Ye0 + 0o (CTZ¢C I VQO_Z i U%) (45)
(An"=0") T4¢ + Avo?
( (S + 1202 +02) ) 40)

The terms in p* are as follows:

e In line (42), we have the expected cash flow, Z, and a term that goes to zero if either

ce — 00 or € goes to zero.

e In line (43), we have a term that captures the contribution from the manager’s bliss

actions, which goes to zero if ¢ — 02, where, abusing notation slightly, 02 = (0, O)T.

e In line (44), we have a term that captures a loss from a lack of costs that discipline
reporting. This term is negative, but goes to zero as ¢, — 00, i.e., as misreporting

relative to what the manager observed gets prohibitively costly.

e In line (45), we have the risk premium term that goes to zero as investors become risk-
neutral in cash flows, i.e., p — 0. Recall that investors are risk-neutral with respect to

impact, y.

e In line (46), we have a term that captures the sensitivity of price to the report. This

. . . 2
term goes to zero as reporting noise gets large, i.e., 07 — 00.

Let

o= _ (An"—0") Ty¢ + Avo?
odr CTE¢C+V205 +02
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Then we can write p* as

2
p= (67 —ue) (L b)

(6724¢) (6"24¢)
(CTE¢C + VQU?J + a%)

(
,o(eTz 0+ o2
(

— 4 (" — )( C+¢>+w(CT(¢—$)+V€y+€r)

(6724¢) (6724¢)
(CTZ¢C + V20'?2J + cr%)

—p <0T2¢0 + 0920 —

Rearranging slightly gives the expression for equilibrium price in (5).

Substituting from above, for efforts and the report, equilibrium expressions in (3) and

(4) are:
(An" — ") Syl+Avo? 0
e’ = +¢d=—C+ ¢ and
ce (¢("2g¢ + 1202 + o2 )C ¢ cec ?
' —6") Syé+Avo?
’l“* _ (77 ) ¢C Y CTe‘FVey‘i_gr:g_‘_CTe—i—VEy—l—gr
Cr (C quc + V202 + Ur) Cr
e R R
6.2 Correlated ¢, and ¢,
0F Oy
In this section/extension, suppose Cov (¢,,&,) = gy = , with determinant:
Ouy 0o
o202 — 0%, > 0 such that ¥,, is positive definite. Below, we derive a linear equilibrium in

which the risky asset’s price is a linear function of the report: p = a + br.
Proceeding via backward induction, we start with the competitive market for firm shares
in period 2, conditional on the report, r, provided to the market. All investors observe . We

conjecture that the manager’s choice of effort e; is linear in ¢, i.e., €; = ae; + Bo;1P1 + Bein®ss

Betr Be
e =a. + B.¢, where a, = (0461,0462)T and 3, = H |, Then the expected

ﬁte 6e21
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efforts are € = a, + B.¢ and the ex ante covariance of efforts is Cov (e) = B,%48!, with

035 0
£, = Cov (¢) =
0 035

The report is linear in e, ¢y, &,, i.e., 7 = o, + B,1€1 + [,9€2 + VyVEy + VpEr = Qi + ﬁfe +

Yy VEy + V,Er, Where B, = (8,4, B.,)". Substituting, we have

T = + B (Qer + Ber1 @1 + Bera®s) + Bra (Qez + Beardy + Beaa®a) + v, vy + 7V,6r

which has expectation and covariance:

Fo= a,+B/e=a, + Bl a.+ B B.b
Cov(r) = Cov (,BTTe +y,vey + v,&) = Cov (,Bfe) + Cov (fyyyey) + Cov (v,&r)
= Cov(B;B.9) + 7’0y + 7707 = B, BIeB. B, + vy 0y + 770,
T
Beir Beio 035 0 Betr Beia
Bear Bear 0 035 Bear Bear

2 2

= (57"1757"2) (Brl?ﬁrQ)T +7§V Uy +772~0-72"

The relevant outputs can be written as & =  — 0161 — Oaea + &, and § = 1,1 + nyea + &y,

where &, ~ N (0,02), and &, ~ N (0,02). We can write these as

i = 7—0%e+Z, and

y = nTe—l—?:y
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From these, we have

Elr] = 2—-0"¢e=2—-0"a. — 0",
Covla] = 073,580+ o
Covlz,r] = Cov[z—6"e+ZE,a,+ B e+ Y VEy + V,Er]

= Cov [—HTe, ﬁfe] + Cov [E—fx, 'yyl/éy] = —OTﬁequﬁZﬁT + 7y YOy

Ely] = n'ac+n'B.d
Covly] = n'B.EsBin + 0,
Covly,r] = Cov [nTe + &, a, +Ble+ Yy VEy + Vyr]

= Cov[n"e.Ble] + Cov [£,.7,v2,) = 1" B,5uBLB, +7,v0°

Taking the manager’s strategy e = a. + 3.¢ as given, we have the following joint distri-

butions:

T ~ N T — eTae - 0T/66(_b HTﬁeE¢ﬂZO + 0-3: _HTﬁeE¢IBZ/6T + fYyyo-‘Ty

r a, + Bla. + BLB.b -0"B.2,8!8, + VyV Oy BIB.IsBLIB, + Yool +vio;
and

y N n’a.+n'B.p n"B.IyBln + o2 n'B.X,BLB, + v, vo?

r a, + Bla. + B 8.0 n'B.IBLB, + v, vol Bl B.IBL B, + i ol + yla?
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These yield the following conditional distributions:

e = Elal]=7-60"a, - 078,
— (0783688, +7,v04y) (BLB.SBLB, + 21202 +7%0%) " (r — (o + BLow + B1B,8))
= 72-60"a.—0"8.¢
+(07B.5487 B, + 1,v04,) (BLB.Z6BLB, + 721202 +720%) " (ar + Blae + B1B,8)
— (67B,ZuBLB, +7,v0uy) (BLB.EBTB, + 210 +4%0%)
Y, = Varlz|r] = HT,BQEWBETO + 0920
— (078,587 B, + 1,00.y) (BLB.E6BLB, + 721202 +720%) " (078,548 B, +7,v04,)
p, = Ellrl=n"c.+n"B.6
+ (0B EsBLB, +7,v02) (BT B.SBL B, + 12202 +420%) " (r — (o + Bl + BLB,P))
= n'o.+n"B.¢
— (W7 B.SeBLB, +,v02) (BT B.Z6BIB, + 72202 +420%) " (ar + Bl + B B.)

—1
(BB B, +7,00%) (BIB.ZBB, + 2%+ 420%)

(
(

For now, let p, = E'[x|r], ¥, = Var [z|r], and p, = E [y|r].

Investor demands conditional on price are given by

/’Lm - P
e e d
0 PN an
P = —s
P
Market clearing implies
A+ (1-=Na =1
Py & by — P Py — D
A J 1—)) = =1
Pz * ) Pz
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Solving for p gives

P = Hy+ Ay — pXg

such that price is a linear function of the report, r.
Next, we derive the manager’s reporting strategy conditional on the market pricing func-
tion and a chosen e:

Cr
2

Ce
rt e argmaxp — — Z (e; — @) — 2
" 1€{1,2}

(r—¢ien — Coeo — vey — £r)
CT

= argmax i, + A, — pXg — 5 (r —Crer — (pea — vey — )’

Note from above that p, and p, are linear in 7, while A and p¥, are independent of r. The

FOC implies that :

du di
0 = 24—~ —c.(r*—Cep—Coea—rve, —é,
I o ( Cre1 — Coes y )
du, dp
= f = A dr - dr 1 (rer+ Coea +ve, + &,

_ (GT,BeEquZBr - ’Yyyo-z’y) +A (nT/BeE@BZIBT + yyyai) + CTG +rve,+¢€
e (BTB 5T, 120707 1 7707) o

and the SOC is satisfied for any ¢, > 0.
Next we need to solve out for the assumed parameters in the manager’s reporting func-
tion via matching coefficients. Recall that the linear assumption was r = «, + (3,11 +

ﬁr2€2 + f)/yygy + VrEr = Qr + IBZe + f}/yygy + Yrrs where IBT = (ﬁrl? 61"2)T' Matching coef-

—(07B. 3BT B,—vouy )+ (0T B.SeBL B +v03)
cr (BT B.24BT B, +73v202+7202)

ficients implies 8, = ¢, 7, = 7, = 1, and «, =

—(07B.24BL ¢—vowy ) +A(n"BEsBL (Hro})
cr(CTB. 2B ¢ 1202 +02) ’

SO

(An" —0") B,5,8.¢ + v (A2 + 04y)

T
r =
Cr (C ﬁez¢ﬁec V2032/ O%)

+¢Te+ve, +e,
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Plugging these into the pricing function gives

p = pl+ b = p3t,

ph = 7-60"a, - 0"8.¢
(0"B.24BI¢ +voyy) (An" —60") B.EyBL¢ + Aol + voy,
(¢"B.EeB: ¢ + 1202 + 02) e (¢TB.ZeBL ¢ + 1202 + 02)
(078,548, ¢ — vou,)
(CTBE,BTC+ 1202 +02)
(0Tﬁ62¢ﬁgc + Vgxy) (OTBSZ@@ZC + Vaxy)
(¢"B.EuBIC + 1202 + 02)

+¢a, + cTﬁeq_b)

¥ = 078,5,870 + o2 —

,U/L - 77Tae + ,r’TIBe(_b
 (0"BEeBIC +vo?) ((AnT —0") B,24BY¢ + Mo + voy,

(¢"B.Z6BLE + v202 + 02) ¢ (" B.Z6BLE + V202 + 02)
(n"B.ZBL¢ + vo?)
(CTB.2,67¢ + 1202 1 02)

+¢"a + c:%&b)

Finally, we solve for the manager’s choice of e.

*

Ce Cr
e’ € argmaxF pl 4 df = p2f — B > (ei— ) - 5 (= Cier = Goer —vey — er)’
i€{1,2}

= argmax E |ul + /\,uL —pui — % Z (ei — )% — % <
1€{1,2}

(A" — 6") B.5,BL¢ + Mol + voy, ’
e (C"B.ZuB: ¢ + 120} + )
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The FOC is given by

d 0 d
_ 40 11 Ced s T (or _
0 = o B+ M —pZl] - 5o (e" = ¢) ("~ 9)
0 dr .
0 = aE[M$+)\ ]%—ce(e —(b)

(L OBEBI) —vos,  ABIBICHY)
C ( (CTB5eBIC+ 1702 +07) | (B SeBIC+ R0t +07) ) ¢ 7P
. (T —0") B.2,BL¢+ o + voy,

RN (2 SN e

which, from e = a, + B,.¢ implies 3, is a 2 x 2 identity matrix and

(An" = 6") B.3yBL ¢+Avo? + voy,

Fe = Ce (CTB E¢,3TC + V2O'2 + 02)
(M = 0") SeC+HIvol +voy,
Ce (C YpC +v20l + 02)
Let
= dp* _ (AnT—0") S4¢ + Avo? + YOz

dr ¢TYs¢ + V202 + o2

Then, in equilibrium, we have

po= e+ (g —67) (Cﬁg " a)) (47)
' 1
CTE¢C + 1202 + O'QT
/\1/0; VO 4y
+CTE¢C +u202+a2 C Yo, + 12 02+02r+
w(¢ s lete ¢> (50)

(9 E(z)(—l—yoxy) (CTEd)O—l—Vaxy)
CTE¢C + V2ol + o3

+(An" - 07) Ty¢

—p <9TE¢0+0§ —

The first line, (47), shows the expected cash flows, Z, plus the effect of expected ef-

fort, E'[e*] = %C , on the values-weighted output, where the values-weighting is given by
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(/\nT — OT). The second line in (48) is a term that captures the use of the report to learn
about efforts, which is equivalent to using the report to learn about the random bliss actions,
¢, given e* = f—eC + ¢. Because the effect comes through efforts, the learning is weighted by
the values-weights, (/\nT — OT). The term in the third line, (49), captures the use of r to
learn about £,and &,, which is relevant to investors but outside of the manager’s control. The
fourth line, (50), captures the adjustments for the expected report, E [r*] = % + %CTC—i—CTq_b,
inherent in using the report to learn about e* and r* in lines (48) and (49), respectively.

The last line captures the risk premium, which is based on the ex ante expected variance of

2

-, net of the amount learned about

cash flows conditional on equilibrium effort, 0T2¢0—1—0

546" %

St scaled quadratically by the effects of ef-

the ¢-driven randomness in effort

2

xr”

forts on cash flows, 6, and the uncontrolled randomness in cash flows, o2,. We can set
Ele,] = % + %CTC + ¢"¢, which implies F [r*] = 0 to get rid of the term in line (50).
Technically, we can set ¢ such that F[e*] = 0, but this is a knife-edge case that limits our

ability to talk about the effects of expected managerial preferences.

Expected price can straightforwardly be written as

Y

Ce

EpY] = :z:+(>\nT—9T)(

¢+ {b) —p <0T2¢0+02 . 6TR,(¢TR,0 )

CTZ¢,C + VQUZ + 02

Ce

= 2+ (A" —0") (¢C + ﬁ_b) —r <0TE¢ (0¢755¢ — C¢T840) + (20} +07) 67540

¢"SeC + 1202 + 02

The sensitivity of p* to r, ¢, affect expected price only through its effect on expected effort.
However, the sensitivity of the report to effort, ¢, also affects the degree to which investors
can use r to learn about e* and, consequently, reduce the posterior variance of cash flows.

Rewriting the risk premium as

2

Oy

0754 (0¢"Ss¢ — ¢CT840) + (VP02 + 0?) ¢9T2¢¢9+
CTZ¢,C + V207 + o2

shows how the first term in the numerator goes to zero as the report becomes congruent

30
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2
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with cash flows, i.e., as { — 6, we have

075, (0¢"54¢ — CCTE40) + (V202 + 02) 075,06
T8¢+ V2ol + o2

2 2 2\ T
o o (1/ o, T O'T) 0" x,0 o2
T0"TS,0+ viol4 o2 7

2

This does not necessarily minimize the risk premium, which in turn goes to (1/2012/ + af) +o0;

if(— 0 — oo.
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