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Abstract

This paper studies a model in which investors’ information acquisition and the man-
ager’s investment choice (hence the moments of the firm’s cash flow) are jointly
determined. I show that a lower information acquisition cost alters the information
environment in a way that motivates the manager to prioritize reducing the variance
of cash flow over improving its mean. I present conditions under which a decrease in
the cost of information acquisition reduces stock valuations and investors’ welfare.
The analysis highlights the importance of considering the joint determination of firm
risk in studying investors’ information acquisition. The model’s predictions are rele-
vant to the growing literature that studies technological advancements and regulatory
requirements that lower the cost for investors to acquire and process information.
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1 Introduction

Stock price disciplines managerial decisions, and its disciplinary role depends on price
informativeness (e.g., Fishman and Hagerty 1989; Holmstrém and Tirole 1993; Kan-
odia and Lee 1998). To the extent that price aggregates investors’ private information,
a key determinant of price informativeness and hence its disciplinary role is the cost
for investors to acquire information. Recent technological and computational advance-
ments have lowered the cost of information acquisition. A growing empirical literature
investigates implications of technological advancements (e.g., social media and big
data) and regulatory requirements (e.g., EDGAR) that lower the cost for investors to
acquire and process information. The evidence suggests that the adoption of these tech-
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nologies or regulatory changes motivates more information production from market
participants, improves price informativeness and market liquidity, and deters man-
agers’ opportunistic behaviors (e.g., Blankespoor et al. 2014; Gao and Huang 2020;
Zhu 2019).!

This paper studies investors’ information acquisition in a production economy in
which their information acquisition and a manager’s investment choice (hence the
moments of the firm’s cash flow) are jointly determined. Consistent with empirical
evidence, a decrease in the cost of information acquisition is shown to be associated
with more private information production, a more informative price, higher liquidity,
and a lower cost of capital. However, I show that these “benefits” can be observed
when the firm’s underlying cash flow, stock valuation, and the investors’ welfare are
decreasing in the background. The “benefit” and “cost” are linked to the same under-
lying cause that managers are pressured by the market to pursue safer investments.
That is, a decrease in the cost of acquiring information changes the market information
environment in a way that incentivizes the manager to choose investments with low
risk and low return.

To elaborate on the model, it consists of a continuum of risk-averse investors (she)
and a risk-averse manager (he) who operates a firm. The distribution of the firm’s
future cash flow is influenced by the investment that the manager chooses privately.
The manager subsequently sells his shareholding in a competitive market. As in Gross-
man and Stiglitz (1980), each of the investors chooses whether to acquire information
at a cost before submitting her trade, and a price is formed to clear the market. In equi-
librium, the fraction of investors who choose to become informed and the manager’s
investment choice are jointly determined. The main friction the model aims to capture
is the value-risk tradeoff managers face in operating a firm. That is, projects with a
higher expected value are often riskier. In the main model, the value-risk tradeoff is
captured by the fact that higher investments increase both the expected cash flow and
its variance (as in, say, Kanodia and Lee 1998; Kurlat and Veldkamp 2015).2 In the
extension section, I examine an alternative approach to model the value-risk tradeoff,
in which the manager allocates his limited attention between increasing the mean and
decreasing the variance of the cash flow.

Regardless of which of the two approaches is taken to model the value-risk tradeoff,
I show that a lower information acquisition cost incentivizes the manager to prioritize
reducing the variance of the cash flow over improving its mean. To understand the
intuition, note that the manager controls the cash flow and his payoff is tied to the
stock price. When the manager’s decision is not directly observed by investors, it is
the sensitivity of price to the underlying cash flow that determines his perceived benefit
to moving the distribution of the cash flow. Specifically, the sensitivity between the
first (and second) moments of price and the cash flow is linked to the manager’s
marginal benefit of increasing the mean of the cash flow (and decreasing the variance
of the cash flow, respectively).? Both sensitivities will be higher when price is more

1 See Blankespoor et al. (2020) and Goldstein et al. (2019) for a review of the literature.

2 Tsui (2018) documents evidence that firms face a value-risk tradeoff in investment choices.

3 The sensitivity between the first and second moments of the price p and the cash flow 6 is c;g[[gj] and
dvar[p]
dvar[0] *
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responsive to its fundamental. In addition, a more responsive stock price increases
the second-moment sensitivity faster than the first-moment sensitivity. As a result,
the anticipation of a more responsive price (due to a lower information acquisition
cost) motivates the manager to prioritize decreasing the variance of the cash flow over
improving its mean.

The analysis suggests that investors’ information acquisition is prone to a prisoner’s
dilemma type of coordination failure when the manager faces a tradeoff between
improving the mean and decreasing the variance of the firm’s cash flow. Each investor
behaves optimally. As a group, however, investors fail to internalize the externalities
their collective actions impose on the manager, leading to excessive risk avoidance in
making investment choices.

I also analyze how a decrease in information acquisition cost affects investors’
welfare, which can be decomposed into a speculative component and an endowment-
related component. If the distribution of the cash flow were given exogenously, as
in Diamond (1985), a decrease in the cost of information acquisition would reduce
investors” welfare unless all investors had already become informed.* The result sug-
gests that the potential for the investors to benefit from a lower information acquisition
cost comes from its influence on the production side, that is, changing the firm’s under-
lying cash flow distribution. Recall that a lower cost results in a safer cash flow in the
model (at the cost of a lower mean). A safer cash flow reduces the speculative payoff
because investors earn surplus from bearing risks (e.g., Guttman et al. 2006), and a
safer cash flow lowers the risks for which the investors are rewarded. In contrast, a
safer cash flow can benefit investors who have a large share endowment to begin with.
This is because these investors are expected to be net sellers in the market, and a
safer project can raise stock price by lowering the cost of capital. Moreover, investors
with a large share endowment are particularly concerned about price volatility they
face when selling their shares. Such an investor benefits from a decrease in informa-
tion acquisition cost because it motivates the manager to reduce firm risk, which then
decreases the price volatility the investor faces ex ante.

The results in the paper speak to the empirical literature examining the effect of tech-
nological advancements and regulatory requirements that reduce the cost for investors
to acquire and process information. The paper highlights the importance of consider-
ing the joint determination of firm risk in studying investors’ information acquisition.
The conventional wisdom that lowering information acquisition cost is beneficial is
likely to be intact if the manager can only affect the mean of the cash flow but not its
variance. In contrast, caution is called for if researchers believe that managers can also
reduce the variance of the cash flow and face a tradeoff between increasing the mean
and decreasing the variance of the cash flow. In this case, observing an increase in price
informativeness or liquidity and a lower cost of capital may be evidence that managers
have been pressured to undertake low-risk and low-return investments. The concern
is particularly relevant for innovation-related investments because these investments,
especially at early stages, involve an inherent risk-and-return tradeoff and are often not
observed by external parties due to proprietary cost concerns. To the extent that basic

4 This result applies to both informed and uninformed investors. As a caveat, the welfare analysis in this
paper does not consider noise traders who provide liquidity shocks for exogenous reasons.
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research is riskier than applied applications in terms of cash flow implications, the
model provides a rationale for Arora et al. (2021), who document a shift in corporate
R&D composition toward less R and more D over time.

This paper relates to the broad literature that studies the role of market price in
providing managerial incentives. Prior studies have examined how the disciplinary
or detrimental role of price depends on observable factors, such as the number of
blockholders (e.g., Edmans and Manso 2011), frequency of disclosure (e.g., Gigler
etal. 2014), and the quality of disclosure (e.g., Fishman and Hagerty 1989). In contrast,
the incentive effect of price in this paper is determined jointly with the manager’s risk
choice, which is unobservable to the market. The unobservable nature enables me to
capture managers’ behind-the-scenes project selection and internal R&D. Heinle and
Smith (2017) examine a model in which investors are uncertain about the variance of
the cash flow. In the current paper, the equilibrium is in pure strategies, and therefore
rational expectations imply that investors correctly conjecture the manager’s choice
of firm risk in equilibrium.

The fact that managerial incentives are tied to short-term price reminds readers of
studies on managerial myopia. Stein (1989) shows that, when the market does not
observe a manager’s actions, price pressure can cause the manager to behave myopi-
cally even though the market correctly conjectures the myopic behavior. Gigler et al.
(2014) show a more frequent reporting requirement increases the price pressure and
exacerbates managerial myopia. Paul (1992) argues that the manager will allocate more
resources to improving short-term performance if the market has superior information
about the short-term performance than the long-term performance. In this paper, the
tradeoff is not about short- versus long-term cash flow but between improving the
mean and decreasing the variance of the cash flow. A more subtle difference is that
capital market in prior studies is passive: it does not take any actions other than pricing
the firm rationally. Hence, inefficiencies in myopia models are typically caused by the
manager’s incentive to “fool” investors by secretly changing actions (even though no
one is fooled in equilibrium).’ This paper brings investors to the center of the anal-
ysis, models their information acquisition choices, and shows their collective actions
directly contribute to the inefficient value-risk tradeoff in equilibrium.

The paper’s focus on endogenous firm risk relates to studies on induced managerial
risk avoidance. Prior studies show that career concerns from the labor market can cause
the manager to be more averse to risky investment than the principal (e.g., Hirshleifer
and Suh 1992; Hirshleifer and Thakor 1992; Holmstrom and Costa 1986). Another
source of managerial risk avoidance stems from motivating costly effort in principal-
agent models: managers must carry risks to be motivated, which makes the managers
value risk differently than the risk-neutral principal does. Lambert (1986) studies such
a model in which a manager exerts unobservable effort to generate information about
arisky project and, conditional on the information he generates, chooses between the
risky project and a safe fallback project. In these agency models, a manager’s risk
preference is determined by a combination of his (exogenous) risk aversion and the

5 Stein (1989) makes this point and writes: “The situation is analogous to the prisoner’s dilemma. The
preferred cooperative equilibrium would involve no myopia on the part of managers, and no conjecture of
myopia by the stock market. Unfortunately, this cannot be sustained as a Nash equilibrium. If the market
conjectures no myopia, managers will have an incentive to fool it by boosting current earnings.”
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(endogenous) curvature of the incentive contract designed by the principal. There is no
career concern or compensation design in this model. The manager’s risk preference
arises from a combination of his (exogenous) risk aversion and the investors’ (endoge-
nous) information acquisition and the pricing of their information. Compared to the
incentive contract that the principal chooses publicly before the manager exerts effort,
investors’ decisions in the paper are decentralized and chosen simultaneously as the
manager makes the investment choice. The focus is to examine the joint determination
of investors’ information acquisition and the manager’s investment choice.

The paper proceeds as follows. Section 2 presents the model. Section 3 solves
the equilibrium and presents its properties. Section 4 analyzes investors’ welfare,
and Section 5 discusses the model’s empirical implications. Section 6 examines an
alternative modeling choice, along with an extension on the role of public disclosure.
Section 7 concludes.

2 Model setup

The model consists of a firm, a manager, and a continuum of investors. The manager
operates the firm and influences the distribution of the firm value

v=20+e. ey

The cash flow 0 ~ N (ug, 002) in Eq. 1 is normally distributed, and its distribution is
affected by the manager’s operational decisions (to be discussed below). The shock
e ~ N(0, 02) is normally distributed with an exogenous variance o2.

The main friction the paper aims to capture is the value-risk tradeoff managers face
in operating a firm. That is, projects with a higher expected value are often riskier. To
capture the tradeoff simply, I assume in the main model that the manager chooses an
investment k, and the value-risk tradeoff is captured by the fact that higher investments
increase both the mean and variance of the firm’s future cash flow (e.g., Kanodia and
Lee 1998; Kurlat and Veldkamp 2015). In particular, the expected cash inflow from
investing k > 0 is ku and the variance of the cash flow is k22, where 1 and ¥ are

positive parameters. The cost of the investment is ]‘7 Therefore, the distribution of

the future cash flow is 5

k
0 ~ Nkp — = K*%). )

Examples of such investments include companies investing in basic research and
developing a new class of drugs as opposed to working on variations of current drugs.
These investments, if successful, improve firm value, but their experimental nature
entails an uncertain outcome. Assuming a quadratic var(9) = k>% in Eq. 2 is not
crucial. The analysis can be extended to other specifications of var(9) as long as it
is increasing in k and its second derivative is not too negative, as will be shown in
Proposition 2.

The value-risk tradeoff the paper aims to capture is behind the scenes, meaning that
the investors do not directly observe firm’s investment choice. This assumption does
not hold, of course, for all investments. Building a physical plant is often observed
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by investors either by literally seeing the building or by it being capitalized as an
asset in financial reports. Akcigit et al. (2022) argue that many innovation-related
investments are unobservable. Examples include the utilization rate of equipment,
managerial input, process improvements, and internal R&D activities. For example,
consider investments in basic research and drug development discussed in the previous
paragraph. Such R&D investments are reported as expenses under the U.S. GAAP
prior to technological feasibility, and expenditures across different projects are often
pooled together (see SFAS No. 2 and ASC Topic 730), making it difficult for investors
to identify investments related to a specific project. Koh and Reeb (2015) further
document evidence suggesting that many firms with material R&D activities lump
R&D expenses with other operating expenses in financial reports and, as a result, “fail
to provide any information regarding their corporate R&D efforts.” The lack of quality
information on innovation-related activities is at least in part due to proprietary cost
concerns.

The firm is traded in the market, and its stock price p is determined in a compet-
itive market a la Grossman and Stiglitz (1980). There is a continuum of risk-averse
investors, indexed by i € [0, 1], and a risk-free asset that serves as the numeraire.
Investors have constant absolute risk averse utility functions with a common risk-
aversion parameter p > 0. Investor i is endowed with s; shares, where s; is drawn
independently from a uniform distribution on the interval [0, 2S] for a finite S > 0.1
follow the convention that a law of large numbers holds for the continuum economy,
so that fol sid; = S is a constant.% Each investor i chooses whether to pay an informa-
tion acquisition/processing cost F to learn the realization of § prior to trading. I call
those who choose to learn 6 informed investors and those who choose not to learn 6
uninformed investors. Denote by A the fraction of informed investors in equilibrium.
Uninformed investors only observe price p, and informed investors learn 6 in addition
to p.Letd I p)andd U¢ p) be the demand of shares from the informed and uninformed
investors, respectively. Price p is determined so that the market clears. That is,

Ad (p)+ (1 =1)d%(p) = S +e, 3)

where € ~ N(0, 062) is the asset supply from noise traders who trade for exogenous
reasons. The supply shock € prevents the price from being fully revealing.
Atthe beginning of the game, the manager chooses an investment k¢ > 0 to maximize
his expected payoff
UM = E[p] — puvar(p), “

where py; > 0 in Eq. 4 is the manager’s risk aversion parameter. One can think of
the preference above as assuming that the manager has a negative exponential utility
—exp (—py X w) and his wealth, w, is the proceeds from selling his sharehold-
ing (normalized to one) at price p.” The model takes the manager’s shareholding as
exogenous. In particular, the manager’s investment choice affects the firm’s cash flow
(hence its stock price) but not the number of shares the manager owns. Empirically,

6 See the technical appendix in Vives (2010), p.383-385. The argument is not unique to uniform distributions
and holds for a continuum of independent random variables with uniformly bounded variances.

7 The manager’s certainty equivalent, E[p] — pTMvar(p), is qualitatively similar to Eq. 4.
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t=0 t=1 t=2
Action Stage Information Acquisition ~ Trading Stage
] 1 ]
Manager chooses k - Investor i chooses - Investors submit trade
whether to pay F to
be informed - Market-clearing price
determined

- A fraction becomes
informed - Players consume

Fig. 1 Sequence of Events

this assumption is likely to be descriptive for long-term executives who have already
earned significant shares and executives who anticipate receiving a fixed number of
shares in the near future (e.g., under time-based stock awards).3 The focus of the
paper is how a change in the cost of investors’ information acquisition would jointly
affect their information choice and the manager’s investment decision. I discuss how
incentive contracts might evolve in the Conclusion.

Figure 1 summarizes the timeline of the main model. In the extension section, I
study an alternative approach to model the value-risk tradeoff, in which the manager
allocates limited attention between increasing the mean and decreasing the variance
of the firm’s cash flow. The alternative setup comports with the literature showing how
the allocation of managerial attention can explain differences in firm behaviors (e.g.,
Dessein and Santos 2021). I find qualitatively similar results, regardless of which of
the two approaches is taken to model the value-risk tradeoff the manager faces.

3 Equilibrium analysis

The joint determination of the manager’s risk choice and investors’ information acqui-
sition is at the center of the analysis. Because investors do not directly observe the
investment choice, they form a conjecture k and use the conjectured prior precision
%9 = k%) !in deciding whether to acquire information and how to trade. The
investors’ information acquisition decisions affect how price is formed and, in turn,
the value-risk tradeoff perceived by the manager in making investments in the first
place. Therefore, we cannot analyze investors’ information choices and the manager’s
investment separately but determine their actions jointly from a rational expectations
equilibrium.

The equilibrium is solved backward. I first take the investors’ conjectured k as
given and solve for the trading subgame and then endogenize the manager’s choice of
k at t+ = 0. Note that the distribution of firm value is “known” to investors once the
conjectured k is given, and solving the subsequent trading game is a standard exercise
(e.g., Grossman and Stiglitz 1980). In particular, for any given conjecture k, there

8 Time-based stock awards are based on the passage of time. Bettis et al. (2018) find that more firms granted
time-based awards than performance-based awards in each of their sample periods from 1998 to 2012.
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exists a unique linear pricing function as follows that clears the market

p=AXpugk) +Bx60—-Cxe—DxS. )

i i - A = U=t p o pthedl) A

The nonnegative price coefficients are A = PR B = P C =
p(fe+f9+‘[1,/)») N p(fe+f9+fp) A : . E

Ottt and D = Ot where Ty is the conjectured prior precision

and 7, = (At./ p)? 7 is the precision of price used as a signal of 6. The hat notations
emphasize their dependence on the conjectured k as opposed to the actual k, which
is unobservable to the investors. The last term in Eq. 5 is the price discount investors
demand for clearing the average supply S > 0. It is a known result that all investors
will choose to be informed if the cost F is sufficiently small and that no one will be
informed if F is sufficiently large. Thatis, . = 1 for F < F and A = O for F > F.
(The thresholds F' and F are specified later.) For intermediate cost F' € [F, F1, A is
determined by the indifference condition

Te

Gre/pPr+ % ©

exp(,o*F):\/l—i—

The manager takes the investors’ conjecture k and, hence, the price function Eq. 5
as given and chooses the best-response k¥ at # = 0 to maximize his payoff. That is,

kBR = arg max E[p|l€, k] — ,onar(p|l€, k). (7)
k

Let ng(k) = E[6]k] and 002(k) = var(0|k). One can use the price function Eq. 5 to
obtain E[plk, k] = A jug(k) + Bpug(k) — DS and var(plk, k) = B2} (k) + C?a2.
The first-order condition of the investment choice is

~ d/L@ ) d0’92
Bx 0 _ 5B x 0
oM dk

®)
The left-hand side of Eq. 8 is the manager’s marginal benefit of investment in
increasing expected market price. The marginal benefit depends both on how a bigger

investment changes the mean cash flow (i.e., dk 23 and on how fast the mean cash flow

is picked up by the stock price (i.e., dE [p = B). To understand the marginal benefit,

note that the investors always place some positive weight on the conjectured prior
mean [y (12) in pricing the firm. Because the manager takes the investors’ conjecture
k as given and cannot change it, the price is formed in a way that is only partially
responds to the manager’s investment k. This can be seen by noting that a higher k
increases the expected price at a lower rate than it increases the expected cash flow,
ie., dil[f’ Bd“" d"" . The price coefficient B is the sensitivity of price to the
underlying cash ﬂow and it captures the extent to which the manager internalizes the
effect of investment k on the mean cash flow.”

9 See Kanodia and Lee (1998) and Xue and Zheng (2021) for a similar argument.
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The right-hand side of Eq. 8 is the manager’s perceived marginal cost of a higher

investment in scaling up price volatility. The marginal cost depends on how fast higher
d 2

investments scale up variance of the cash flow (i.e., %) as well as how fast the variance
of cash flow is transmitted into price volatility (i.e., % = B?). Note that B? is
[

the second-moment sensitivity of price to fundamental. A higher pricing coefficient B
means that the price is synchronized more closely to its fundamental value 6, making
the price more volatile from the ex ante point of view. The finding is consistent with the
well-known result that better information reduces uncertainty ex post but increases the
uncertainty ex ante (e.g., Christensen etal. 2010; Gao 2010; Holthausen and Verrecchia
1988).

A novel feature of the model is the endogeneity of firm risk, 092. To see its signifi-
cance, consider a benchmark in which the variance of the cash flow, 092, is exogenous

and the investment only changes the mean cash flow. When 092 is exogenous, the first-

order condition Eq. 8 becomes B x (u — k) = 0, and the manager chooses k = u
regardless of the investors’ information acquisition (given B > 0). The takeaway here
is that the manager’s investment k and investors’ information choice A are determined
separately when 092 is exogenous.'? With endogenous firm risk, however, investment
k and investors’ information acquisition A are intertwined and must be determined

jointly. Proposition 1 below summarizes the equilibrium.

Proposition 1 Investment k and the fraction A of informed investor are jointly deter-
mined.

. _1 Hx — S

i forF=FE G log(\/l + (1+2pME)2+(ure/p)2reZ)’ h=landk =05

ii. forF € (F,F), € (0,1)andk < u are uniquely characterized from the system

T+ A (re T oe_z(k))
A + Ty + 05 2 (k)

nw=\142poy%

Te
Fy= |1 . 9
P \/+(m/m2r€+o@‘ (k) ®

iii. for F > F = }—)log(\/l + u?t. %), A = 0. Any k < p can be sustained as an

equilibrium.

The equilibrium is unique whenever the price coefficient B > 0, which holds if and
only if F < F.For F > F, the equilibrium features B = 0 and can be thought of as a
“babbling equilibrium” in which stock price does not respond to different realizations
of firm value. This is because, when B = 0, the price function Eq. 5 depends on
the conjectured k but not the actual k. For F >F (i.e., Part iii of the proposition),
any conjecture k < w will result in & = O (hence B = 0) and can be sustained as

10 This is because the benefit of becoming an informed investor (i.e., the right-hand side of Eq. 6) is fixed
when 092 is exogenous. In this case, the investors’ information acquisition A is determined solely by the

cost F and is independent of k.
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Panel A: Investors' Information Acquisition Panel B: Firm's Investment Choice
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Fig.2 Illustration of Equilibrium

an equilibrium.!' The discussion in the remainder of the paper confines attention to
F < F = %log(‘/l + 27, %), which ensures the fraction of informed investors
A > 0 and the uniqueness of the equilibrium.

Figure 2 illustrates the equilibrium (A, k) using a numerical example in which
uw=4p=py =% =0 =0, = 1and § = 0.5. It is intuitive to see that
more investors choose to become informed when their information acquisition cost
decreases: A increases from 0 to 1 when F is reduced from F = 1.417 to F = 0.248.
The interesting result in Fig. 2 is that a lower F incentivizes the firm to invest less,
reducing both the mean and variance of the cash flow. That is, a decrease in the
investors’ information acquisition cost changes the firm’s information environment in
a way that incentivizes the manager to prioritize reducing the variance of future cash
flow over improving its mean.

Why would a decrease in the investors’ information acquisition/processing cost
reduce investment k in equilibrium? I illustrate the intuition using a heuristic belief
updating process. Suppose the investors naively believe that the manager’s investment
(hence the variance of cash flow 092) is unaffected by a lower information acquisition
cost F. This means the value of information (i.e., the right-hand side of Eq. 6) does
not change, and a lower cost F would unambiguously motivate more investors to
become informed. Holding 092 constant, having more informed investors results in a

more responsive price, that is, a higher Bin Eq. 5. The investors then realize that their

I 1f one introduces a public disclosure about the firm value, as in Section 6.1, the equilibrium & will be
unique even if A = 0 because the price coefficient B > 0 is guaranteed.
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initial belief of facing the same distribution of cash flow is incorrect because a higher
B affects the marginal benefit and cost of investment differently. Specifically, Eq. 8
shows that a more responsive price scales up the marginal benefit linearly and the

marginal cost quadratically, as captured by <= 2= dE [ | = B and d:lar Pl — B2 Because of
9
the differential sensitivities, the anticipation of a more responsive price incentivizes

the manager to prioritize reducing the variance of the cash flow over improving its
mean. This relative advantage can also be seen by dividing both sides of the first-order

A ~ 2
condition Eq. 8 by B and obtaining u — k = pMdeL,f, from which we know the
following:

dvar(0)
ﬁ — _M <0. (10)
dB 1+ pyB L0

It remains to verify the manager’s belief that a lower F will indeed result in a more

responsive price in equilibrium, i.e., a higher B. This claim is not as intuitive as it may
Tp+A(Te+19)
ATe+T19 +Tp

both by the fraction of informed investors A and by the endogenous investment k via its

impact on the firm risk. Recall that a lower cost F results in more informed investors
and a safer cash flow, i.e., ahigher A and 7y = 1/ 092. It is shown below that a decrease
in F has two countervailing effects on price responsiveness, B:

appear because of the firm’s endogenous risk. Note that B = is determined

dB 9B dr | 9B 9ty dk

— =t — . (11
dF ordF 019 0k dF
S —’ ——
- +
Price will become more responsive if more investors are mformed (i.e., ﬂ > () but

less responsive if investors are facing a safer cash flow (i.e., 37 < 0). To understand
the second effect, recall that investors always attach some welght to the conjectured
prior cash flow, E[6 |l€], in pricing the firm. Having a safer cash flow means that the
investors’ prior beliefs are more precise. The investors therefore place more weight on
their prior beliefs and less weight on signals about the actual cash flow. This increased
reliance on prior beliefs lowers price responsiveness. I show in the appendix that the
negative A-effect in Eq. 11 dominates the other risk effect, meaning that a lower F
results in a higher B in equilibrium.

Formally, one can apply the implicit function theorem to the system of equations
used to determine the equilibrium investment k£ and the fraction A of informed investors.
Denote by [g1(k, 1; F) =0, g2(k, A; F') = 0] the two equations in Eq. 9. The marginal
effects of the investors’ information acquisition cost F on the equilibrium k and A are
obtained from

dk 9g1 0m ! [om

F | — C A F
[ff_k} =~ lie do be |- (12)
dF ok or oF
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While the paper assumes ag = k>3, the proposition below shows that qualita-
tively similar comparative statics (% > 0 and ‘“ < 0 hold over a broad range of

specifications of the variance of the cash flow 002.

Proposition 2 A lower F stimulates more informed investors but decreases investment

k as long as the variance of the cash flow satisfies dvar(g) ~ 0 and & Var(g) > — plu'

Given the mean cash flow ug = pk, one can extend the analysis and allow & to
increase the variance of cash flow in a convex, linear, or even mildly concave manner.
The paper follows Kanodia and Lee (1998) and adopts a quadratic specification, 002 =
k>3 A specific functional form is needed to obtain the closed-form expressions of ﬂ
and 7% ds. % (according to Eq. 12), which will be used to study implications of 1nvest0rs
welfare in the next section.

4 Investors’ welfare

Ranking different investments is not straightforward in the paper because a higher
investment increases both the mean and variance of the cash flow. I follow Verrecchia
(2019) and study implications on investors’ welfare in this section. In particular, I
examine how a decrease in the cost of information acquisition, F, would affect the
payoffs of the continuum of investors.

It is without loss of generality to analyze the welfare from an uninformed investor’s
point of view because, in any equilibrium with A € (0, 1), investors are indifferent
between paying the cost to become informed and staying uninformed. An uninformed

investor i’s demand given a market price p is d = % Therefore, investor
i’s wealth for a given price is % X (v — p) + psi, where s; is the investor’s

endowment of the firm’s shares. We can then express i’s interim welfare E (U | p) after
observing price p as

E _ 2
E(U|p) = —exp{—(psi + W)}. (13)
var(v|p)

Ex ante, price p is a random variable. We integrate Eq. 13 over p and apply the
moment generating function a chi-squared distribution to obtain the investors’ ex ante
payoff E[U] = E[E[U]|p]]. The next result summarizes the closed-form expression
of investor i’s ex ante payoff.

Proposition 3 The expected payoff of an investor endowed with s; shares is

-1
— ( /1 s M) expl (500 +5°D2 5 — 78 )1 (14

var(v|p)

where S is the average supply, ¥ = pug — SD*®, ® = Var(v‘p)+vai[5(v|p)_p], and
2 2 2 (te+T9+1p)P
A = p°B“o Trpp
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The payoff E[U] measures the welfare of both the informed and uninformed
investors in the model. Note, however, E[U] is not a social-welfare measure because
it does not incorporate the welfare of the unmodeled noise traders, who supply
€ ~ N(, 03) for exogenous reasons outside the model.

To understand how a decrease in the information acquisition cost affects investors’
welfare, it is helpful to express E[U] in terms of a speculative component

-1
— ( 1+ %W) and an endowment-related component exp[— (si\lf + 52

D? % — sl.zA)], as in Eq. 14. The speculative component is the payoff that an investor
expects to earn by clearing the supply shock € and its expression is independent of the
investor’s endowment s; or the average supply S. The endowment-related component
relates to an investor selling her share endowment s; in the market when the average
asset supply is S > 0. Below, I analyze how a lower F affects the two components of
the welfare separately.

-1
The speculative component — ( 1+ %W) in Eq. 14 has a one-to-one
increasing relation to R = % The ratio R makes it clear that investors

prefer a lower residual uncertainty var(v|p) ex post but benefit from having a higher
ex ante volatility var[E(v|p) — p]. One can use the price function derived in Eq. 5

var[E@|p)=p] _ P to(to+Tp+e)
var(v|p) T tete(tgtTpHATe)?

following after substituting j—; < 0 and % > 0 from Eq. 12:

and show R = It is straightforward to verify the

dR  0Rd)r  ORd7g dk

an_ondr | ORI ARy, 15
dF ~ 9ndF 9w ok dF (15

The fact % > 0 means that a lower cost F decreases the speculative component of
the welfare Eq. 14. To understand the result, note that a lower cost results in more
informed traders and hence a more informative price, which serves as a public signal
for investors. It follows from prior theoretical work that the presence of a more precise
public signal can make investors worse off by reducing uncertainty prior to trading
and hence creating an adverse effect on risk sharing (e.g., Diamond 1985; Indjejikian
1991; Hirshleifer 1971). Secondly, the investors earn surplus from bearing risks (e.g.,
Bertomeu and Cheynel 2016; Kurlat and Veldkamp 2015). It is therefore not surprising
that a lower cost can hurt investors when it pressures the manager to reduce firm risk
for which the investors are rewarded.

Having shown that a lower F reduces the speculative component in Eq. 14, we
know that any potential for investors to benefit from a lower cost F must arise from the
endowment-related component exp[— (si v+ §2p? % — sl.zA)], which can be rewrit-
ten as

S (te + 70 + 1)
exp{— I:Si'ol’LQ + SDZ(E —5)P — Si2p2320’92¥q) ).

27,1)

r
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Investor welfare Eq. 14 is increasing in I', which consists of the terms inside the
square bracket above. We see below that a decrease in F affects I' (and hence investor
welfare) via three channels:

dr oI dpg dk n al' dA n o' dvy dk (16)
dF ~— dug dk dF L dF oty dk dF
— —— ——— ————
Mean Effect (+) Information environment Effect (+)  Firm Risk Effect (+/—)

An increase in the mean cash flow g makes the investor’s share endowment s; > 0
worth more. It is therefore easy to see a > 0. Because a decrease in F' is shown
in Proposition 2 to lower the mean cash flow wg (by decreasing k), it lowers the
endowment-related welfare via the Mean Effect in Eq. 16.

A decrease in F also lowers investor welfare via the “Information environment
Effect” in Eq. 16 by motivating more investors to become informed. This result is less
intuitive and follows 2 5 x < 0. To see why a higher A would decrease the endowment-
related payoff, note that a higher A has two effects on price: (i) it increases price (by
lowing cost of capital E[v — p] = D x §), and (ii) it increases ex ante price volatility
(by making price more revealing). Both effects hurt investor i if she is expected to be
a net buyer of the stock (i.e., s; < §): she buys at a higher price and faces greater price
volatility. A net seller (i.e., s; > S) benefits from the lower cost of capital but suffers
from an elevated ex ante price volatility. One can verify that the higher price volatility
is the dominant effect given the linear pricing function. This explams < 0, with
strict inequality whenever s; # .12

Recall that a smaller F motivates the manager to reduce firm risk, causing a higher
79. We know from Eq. 16 that ng; > 0 in the “Firm Risk Effect” is a necessary
condition for a lower cost F' to increase an investor’s endowment-related payoff. All
else equal, having a safer cash flow not only lowers the cost of capital but also reduces
price volatility. This differs from having more informed investors, which increases
price volatility ex ante. As argued above, a lower cost of capital (hence higher price)
benefits an investor only if she is a net seller, i.e., s; > S. The reduced price volatility
benefits all investors, and the benefit is more pronounced for investors with a larger
share endowment s;. It is therefore not surprising to see that % > 0 if and only if s;
is sufficiently large, i.e., when s; > § x 2 for some positive constant €2 specified in
the Appendix. The next result summarizes the discussion.

Proposition 4 A decrease in the cost of information acquisition F reduces investors’
welfare Eq. 14 for those whose share endowment s; < S x Q. Hence, having a
sufficiently large share endowment is a necessary condition for an investor to benefit
from a lower F.

Figure 3 plots the investor welfare E[U] as a function of information acquisition
cost F. The four panels in the figure correspond to different levels of share endowment,
s;. One can see that having a large endowment is a necessary condition for an investor
to benefit from a decrease in F'. Even for investors with a large share endowment (i.e.,
the bottom two panels in Fig. 3), they only benefit from a lower cost F when it is

12 a—r 0 fors; = S because neither the level nor the volatility of price matters when no trade is expected.
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Fig. 3 Investor welfare under different levels of share endowment s; (fixing S = 0.5)

sufficiently high to begin with. This is because a high F' in the model is associated
with large investment and, hence, a sufficiently risky cash flow. Proposition 4 and
Fig. 3 together illustrate two necessary conditions for an investor to benefit from a
lower cost: (i) the investor is endowed with many shares, and (ii) the cash flow is
highly risky to begin with. Both conditions point to a scenario where the investor is
particularly concerned about the price volatility she is facing ex ante. In this case, the
investor benefits from a decrease in F because it motivates the manager to lower the
variance of the cash flow, which, in turn, reduces price volatility.

Compared to welfare analysis in exchange economies (e.g., Diamond 1985; Ver-
recchia 2019), the new insight in this section relates to the endogenous production.
To see the difference, the corollary below summarizes how a lower F would affect
investors’ welfare in an exchange economy where the distribution of the cash flow is
given exogenously.!?

13 A noteworthy technical difference is the source of supply noise, €. Diamond (1985) and Verrecchia
(2019) assume that € arises from investors’ random endowments, whereas € is attributed to noise traders
here. Their models assume that the variance of individual endowments goes to infinity, which prevents
investors from learning about the aggregate supply from their private endowments (e.g., Diamond 1985,
p.1075). Ganguli and Yang (2009) show that, under a more realistic assumption that endowments have a
finite variance, assuming € coming from random endowments often results in multiple equilibria. Assuming
€ coming from noise traders, as in this paper, eliminates the concern of multiple equilibria while maintaining
a finite variance for investors’ share endowments. Admittedly, introducing unmodeled noise traders limits
the scope of welfare analysis.
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Corollary 1 Ifthe distribution of the cash flow is exogenous and the fraction of informed

investor A € (0, 1), adecrease in information acquisition cost reduces investor welfare
Eq. 14.

The only consequence of a lower cost F' in exchange economies is that more
investors will become informed. We argued following Egs. 15 and 16 that, all else
equal, having more informed investors (i.e., a higher 1) reduces both the speculative-
and endowment-related components of the welfare Eq. 14. Comparing Corollary 1
to previous discussions highlights the importance of considering feedback effects on
the firm risk when we study investors’ information production. The significance of
considering the joint determination of firm risk will resurface as we discuss the model’s
empirical implications in the next section.

5 Empirical implications

A growing literature investigates the consequences of technological advancements
(e.g., social media and big data) and regulatory requirements (e.g., EDGAR) that
reduce the cost for investors to acquire or process information. It has been docu-
mented that a decrease in information acquisition cost is associated with more private
informative production, an increase in liquidity, and better disciplined managerial
behaviors (e.g., Blankespoor et al. 2014; Gao and Huang 2020; Zhu 2019).

Building on the same numerical example seen before, Fig. 4 shows that the model is
consistent with the empirical evidence. A decrease in the information acquisition cost
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Fig.4 An illustration of empirical implications
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makes the price more responsive to the firm value, improves price informativeness,
increases market depth (a liquidity measure in this model), and reduces the cost of
capital. While these observations are often interpreted as evidence that lowering the
cost of information acquisition is beneficial, the next result shows that these “benefits”
can be observed at the same time as the firm value and its stock valuation are decreasing.

Proposition 5 As the information acquisition cost decreases,

(i) cost of capital decreases, as measured by a smaller price discount E[v — p];
(ii) the expected firm value E[v] and investment k decrease;
(iii) the expected price E|[p] decreases if and only if the mean supply S is low (i.e.,
S < S) and the manager’s risk aversion is high (i.e., pyr > p).

The cost of capital E[v — p] = D x S is the price discount investors demand for

clearing the average supply S > 0, and D = %

function. Recall that a lower information acquisition cost results in more informed
investors and a safer cash flow. Both changes reduce the risk investors bear and,
hence, lower the firm’s cost of capital. In particular, a safer cash flow reduces the risk
level to begin with, and having more informed investors makes price more informative
(and, hence, investors can learn more from it).

Part (iii) of the proposition is about stock valuation E[p] = E[v]— E[v— p], which
jointly accounts for the cost of capital effect E[v — p] discussed above and the cash-
flow effect E[v]. It shows that a lower information acquisition cost can decrease stock
valuation, which occurs when the lower cost of capital is dominated by the decrease
in the expected cash flow. To understand the conditions on S and p,, for a lower price,
note that the average supply S does not affect equilibrium actions (A, k) or the price
coefficients.!* The implication is that a higher S does not change the expected cash

is specified in the price

flow E[v] = uk— % but scales up the cost of capital E[v— p] = D x S. Itis therefore
not surprising that the cost of capital effect dominates for sufficiently large S, that is,
for § > S. For S < E, the cash flow effect dominates if and only if the manager is
sufficiently averse to risk, thatis, py; > p. All else equal, a lower cost F' is more likely
to reduce stock valuation E[p] when thgmanager is more risk-averse.

Investigating the gap between the mean cash flow E[v] and cost of capital in the last
panel of Fig. 4, one can see that lowering F first increases and then decreases stock
valuation E[ p]. To understand the non-monotonic relationship, note that the thresholds
S and p in the conditions S < S and py; > p are functions of the endogenous actions
A and k, which, in turn, depend on F. Itis shown in the appendix that both conditions
are more easily satisfied as F decreases.'> The result suggests that lowering investors’
information acquisition cost from a high level is associated with an increase in stock
price at first, thanks to the decreasing cost of capital. The mean cash-flow effect
eventually dominates, in which case lowering the cost F* will hurt stock valuation.

14 This can be verified by noting that S does not enter the system of Eq. 9 characterizing the equilibrium.
Intuitively, S is irrelevant to the investors’ information acquisition choice because the value of information
depends on the reduction in uncertainties, and different S only affects the expected price but not its volatility.
From the manager’s point of view, he takes the investors’ conjectures 12, and, hence, the price discount DS
in Eq. 5 as given and cannot change it. Therefore, DS drops out of the manager’s decision problem.

15 That is, a lower F decreases p and increases 'S, making it easier to satisfy S < S and py; > p-
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The discussion in this section highlights the importance of accounting for the joint
determination of firm risk when studying investors’ information production. The con-
ventional wisdom that lowering the cost of information acquisition is beneficial is
likely to be intact if the manager can only affect the mean cash flow but not its vari-
ance (say, as in Edmans and Manso (2011)). In contrast, caution should be given if
researchers believe that managers can reduce the variance of the cash flow and there is
a tradeoff between improving the mean and decreasing the variance of the future cash
flow. In this case, observing an increase in price informativeness and liquidity and a
decrease in cost of capital may be evidence that managers are pressured to undertake
inefficiently low-risk investments. This concern is particularly relevant for innovation-
related investments because these investments, especially at early stages, involve an
inherent risk-and-return tradeoff and are often not observed by external parties due to
proprietary cost concerns. To my best knowledge, these cost considerations are under-
explored in the literature studying the investors’ information acquisition or processing
cost because most empirical studies take firm riskiness as given.

6 Extensions
6.1 Value of a public disclosure

A main takeaway of the paper is that a decrease in investors’ information acquisition
cost could pressure the manager to pursue less risky investments, which can reduce the
expected firm value and investors’ welfare. This section examines the role of public
disclosure in mitigating the problem. The timeline is the same as that in Fig. 1, with
the addition that all investors observe a public disclosure y = 6 + ¢ prior to trading.
The common noise term ¢ in the disclosure is normally distributed with mean zero
and precision 7, = 1/ o2, and the precision Ty is known to all investors.

Given a precision 7, > 0 of the public disclosure, one can follow the similar steps
in Proposition 1 and show that there exists a unique linear price equilibrium with the
price function

p=oagt+ag X0 +ayXd—oexe—as xS, (17)

where ¢ is the common noise in the disclosure y. I solve the equilibrium for all 7, > 0
and obtain the next result by comparing equilibria across different ty.

Proposition 6 A finite disclosure precision T maximizes the expected firm value E[v].
The precision r;‘ also maximizes the welfare of the investors without share endowment.

Investors without any share endowment (i.e., s; = 0) can be thought of as young
traders who have yet to enter the market. The disclosure quality r;‘ (characterized in
the Appendix) maximizes the welfare of these young investors. Generally, one cannot
find a single disclosure quality 7y that maximizes the welfare of investors with different
share endowments.' This is clear from the discussions following Proposition 3: how

16 This is the case even in exchange economies. For example, (Indjejikian 1991) writes: “The significance
of the endowment effect depends on the magnitude of the risky asset endowment and hence cannot be easily
combined with or compared to the risk sharing and information cost effects."
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information would affect an investor’s welfare Eq. 14 depends on the investor’s initial
share endowment, s;.

The result about firm value E[v] in Proposition 6 follows from the fact that the
equilibrium investment k is 1ncreas1ng in the quality of disclosure for 7, < t¥
and decreasing for 7, > 1: . For 7, < ¥, the fraction of informed investors
A and investment k are Jomtly determined from the investors’ indifference condi-

tion exp(p * F) = and the manager’s first-order condition

Te
\/1 + ry+(kre/p)21'g+19

—k = pyag dv;;(@) both of which extend Eq. 9 to incorporate the public disclo-

sure. Applying the implicit function theorem to the two equations yields:

dk di
— >0and — < 0. (18)
dr, dty

5% < 0 means more precise disclosure crowds out investors’ private information
acquisition. This is intuitive because disclosure lowers the uncertainty investors face,
reducing the advantage that informed investors have over uninformed ones (e.g., Dem-
ski and Feltham 1994; Fischer and Stocken 2010) The fraction of informed investors,

A, is reduced to zero at T, = ‘L’ . For 7, > r , A stays at zero, and the equilibrium

investment k is the unique ﬁxed -point to ;. — k =2pm mki) with
dk 0 (19)
— < 0.
dry

To understand the opposite effects that disclosure quality 7, has on firm investment

seen in Egs. 18 and 19, it is instructive to analyze how a more precise disclosure
AMTe+19)+Ty+Tp
ATe+To+Ty+Tp

Suppose the investors start with a belief that an increase

changes price responsiveness oy = in Eq. 17. For 7, > 1, we use

A = 0 to express ap = o Tﬂ
in 7, does not affect equilibrium mvestment k and, hence, 79 = 1/(k*%). A more
precise disclosure would increase ag = o + % . As argued following Proposition 2, the
anticipation of a more responsive price incentivizes the manager to prioritize reducing
the variance of the cash flow over improving its mean, resulting a lower k. This explains

F < 0in Eq. 19.

The opposite result ;Tk > 0 for 7y < 7y can be understood by showing that a

higher 7, decreases price responsiveness ag. The counterintuitive result rests on the
interactions between the public disclosure and private information acquisition A > 0.
Intuitively, ap captures how much information about the fundamental is impounded
into the price via trading. o is increasing in (i) the fraction A of informed investors who
observe 6 and (ii) the quality of information that uninformed investors have about 0,
captured by var~!(0|p, y) = 19+ 1, +17,. As the precision of disclosure 7, increases,
it is important to note that A will reduce in a way that maintains the total information
available to the uninformed investors unchanged. This can be seen by analyzing the
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condition that determines A (recall T, = (At,./ 0)21e):

Te
ex *F)= [14+ ——. 20
plp* F) =/ ot T, 41, (20)

Start with a belief that a higher 7, does not affect k (hence 7). The fact A is chosen
endogenously from Eq. 20 means that a more precise disclosure does not affect total

information available to the uninformed investors because the higher ), will be offset
)\(Te+f0)+fy+fp i
ATetTot+Ty+T)p

limited to its indirect effect in reducing the fraction A of informed investors, resulting

in a smaller oy.

The welfare result in Proposition 6 relates to a well-known result in Diamond
(1985) that public disclosure improves investor welfare by crowding out investors’
private information production. The difference is that Diamond (1985) studies a pure
exchange economy and Proposition 6 extends the argument to a production economy
in which the distribution of the cash flow is endogenous. The analysis suggests that
investors face a coordination failure in their private information production when
the manager faces a behind-the-scenes value-risk tradeoff in operating the firm. Each
investor’s information choice is optimal from an individual point of view. Collectively,
however, the investors acquire too much information in that the manager is pressured to
pick projects with a low risk and a low return. Public disclosure mitigates the problem
by helping the investors coordinate information production, which, in turn, corrects
the manager’s distorted value-risk tradeoff in operating the firm.

by a decrease in 7. Therefore, the impact of a higher 7, on oy =

6.2 Alternative way to model the value-risk tradeoff

This section examines an alternative approach to model the tradeoff managers face
between increasing the mean and decreasing the variance of the cash flow. Consider
a setting in which a manager allocates attention between mean-improving a; and
variance-reducing a,. Let ug(aj) and 092 (a2) be the first and second moments of the

. do} . . . .
cash flow, with ‘;%f > 0 and % < 0. The value-risk tradeoff in this setup arises
because the manager is subject to the following attention constraint (the total attention

is normalized to one without loss of generality):
ar+ay < 1. 21

Alternatively, aj, a> > 0 can be interpreted as the time the manager devotes to improv-
ing the mean and decreasing the variance, respectively. Examples of the attention ap
to lower risk include ex ante risk screening and ex post risk management.!” 1 allow

. . . . do?
for arbitrary functions @y and 092, provided that they satisfy % > 0 and diai <0,

. . . d do?
with weakly decreasing marginal effects dLaf and [ 72|,

17 May (1995) documents evidence that managers reduce firm risk by choosing the diversification level in
a given acquisition. Amihud and Lev (1981) argue that managers can lower firm risk by diversifying the
product line or by adjusting the cost structure to obtain low operating leverage.
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The manager’s allocation of attention is not observed by external investors and,
therefore, must be determined jointly with the investors’ information acquisition
choice A. It has been shown that all investors will be informed (i.e., A = 1) if the
information acquisition cost F' is sufficiently small, and no one will be informed (i.e.,
A = 0) for sufficiently larger F. To avoid such corner solutions, the discussion below
confines attention to intermediate F to ensure that the fraction of informed investors
A € (0, 1) in equilibrium.'8

Proposition 7 There exists Py and pyy so that ay = 0 for py < P and ay = 0 for
oM = py- For py € (BM’ oMm), ai,ax > 0, and a lower F increases the attention
to risk-reducing a;.

It is not surprising that the manager will devote all attention to reducing firm risk if
he is sufficiently risk averse (i.e., ppyr > pj,) and will focus entirely on the mean cash
flow if he is close to being risk neutral (i.e., pyy < p M) where p;; and p p,, are specified
in the appendix. The equilibrium is interior (i.e., aj, ax > 0) otherwise. Related to
the main message of the paper, we continue to see that a decrease in the investors’
information acquisition cost motivates the manager to prioritize lowering firm risk
over improving its expected value. The intuition can be illustrated by examining the
relative marginal benefit (MB) of the attention that the manager devotes to reducing
risk (ap) over improving the mean (ay):

dvar[p] a’og
MB of a; _ d092 | Zar day |
MBofa,  "MTdET * Tdue
dug day
d(re
D | daz |
= pm X B X g (22)
da,

As in the main model, the manager correctly conjectures that a lower cost F tends to
improve price responsiveness in equilibrium (i.e., a higher B).YA higher B increases
the second-moment sensitivity of price to fundamental quadratlcally and the first-
moment sensitivity linearly, as captured by Var[p = B? and E [” ] . T argued

following Eq. 8 that the two sensitivities relate to managerial 1ncent1ves to lower firm
risk and improve its mean, respectively. Equation 22 shows that the anticipation of a
higher B incentivizes the manager to shift attention from improving the mean to reduc-
ing the variance. Further, the relative sensitivity B discussed above is multiplicatively

d(rg |/dﬂ in

separable from how the moments of the fundamental are modeled, i.e., | 7-%|/~ 7
Eq. 22. Because of the multiplicatively separable structure, one can obtain qualltatlvely

similar results under general specifications of g (a;) and 0'02 (az) in Proposition 7.

18 That is, the discussion confines attention to F € (F, F), where F and F are solved by substituting
(ap =0,x = 1) and (ap = 1, 2 = 0) to the investors’ indifference condition Eq. 6, respectively.

19 1 show in the appendix that a lower F results in a higher B in equilibrium. The only exception is when
both g (ay) and 092 (ap) are linear functions, in which case B is a constant.
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7 Conclusion

Technological and computing advancements have lowered the cost for investors to
acquire information. For example, recent studies document that decreasing information
acquisition costs have made it cost efficient for asset managers to collect real-time
satellite images and consumer transaction data for valuation. Relatedly, regulatory
requirements, such as EDGAR, are believed to help reduce investors’ information
acquisition and processing costs.

This paper demonstrates a potential downside to decreasing the cost for investors
to acquire private information in a model where their information acquisition and
the manager’s investment decision are jointly determined. Consistent with empirical
evidence, I show that alower information acquisition cost is associated with an increase
in information acquisition, price informativeness, and liquidity and a decrease in cost
of capital. However, these perceived benefits are observed in part because the manager
is pressured by the pricing of the investors’ information to prioritize reducing firm risk
over improving its expected value, that is, to pursue investments with low risk and low
return. In addition to reducing the expected firm value, the distorted value-risk tradeoff
can also lower stock valuation and the investors’ welfare.

The analysis highlights the significance of accounting for feedback effects when
we study technological and regulatory changes that facilitate investors’ information
production. The conventional wisdom that lowering the cost of information acquisi-
tion is beneficial is likely to hold if the manager can only affect the mean cash flow. In
contrast, caution should be exercised if managers can also reduce firm risk and there
is a tradeoff between improving the mean and decreasing the variance of future cash
flow. In such cases, observing an increase in price informativeness and a lower cost
of capital may be evidence that managers are pressured by the market to undertake
low-risk-and-return investments. The concern is particularly relevant for innovation-
related investments because these investments, especially at early stages, involve an
inherent risk-and-return tradeoff and are not observed by investors due to concerns
about proprietary cost. To the extent that basic research is riskier than applied appli-
cations in terms of cash flow implications, the result is consistent with the findings
of Arora et al. (2021), who show a shift in corporate R&D composition toward less
R and more D over time. Identifying the feedback effects associated with facilitating
investors’ information acquisition seems an interesting avenue for future research.

In the model, the manager’s investment choice affects the firm’s cash flow (hence
its stock price) but not the number of shares the manager owns. Empirically, this
assumption is likely to be descriptive for long-term executives who have accumu-
lated significant shares and for executives who anticipate receiving a fixed number of
shares in the near future (e.g., under time-based stock awards). These managers view
their shareholdings as fixed when making investment choices and are susceptible to
excessive risk avoidance induced by changes to the investors’ information acquisi-
tion. Incentive schemes might evolve over time in response to the distorted value-risk
tradeoff. For example, the board can make the number of shares awarded to executives
increase with the firm’s stock price, which introduces convexity to their payoffs and
mitigates risk avoidance. This adjustment is consistent with “performance equity,”
an incentive scheme designed to give executives more shares if the company meets
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performance targets set by the board. A common criticism of performance equity is
that it is an intricate means of boosting a CEO’s pay.2 The model provides a rationale
for its use. Because public disclosure can also be used to mitigate the manager’s risk
avoidance induced by investors’ information production, another avenue for future
research is to study the interactions between disclosure and contract design in the
presence of investors’ private information production.

A Appendix

Proof of Proposition 1 Given a conjectured 12, the distribution of 8 is known to
investors. I follow the same steps as in Grossman and Stiglitz (1980) to derive the
pricing function

p=Axpgk)+Bx60—-Cxe—DxS, (A.1)

. . Y (=M1 h o TptA(Teti) A
where the nonnegative coefficients are A = Pl = Srerrtr, C =
p(ft’+f9+tp/)\) N p(re‘i’fﬁ‘i’fp) A 27 _ 2
Ottty and D = Ottt where 79 = o, “(k) and 7, = (AT./0)"Tc.

The price coefficients depend on the investor’s conjecture k via 5. The fraction of

. . o ; ; 1 / — T
informed investors is A = 1 for sufficiently low F (i.e., F < » log /1 + AL +f9)

and is A = O for sufficiently high F (i.e., F > %log,/l + 1./79.) For intermediate
F, the fraction A is solved from the indifference condition:

2

P~ Te
ex *F)= |1+ ——————. A2
plo*F) \/ (ATe)?Te + p* 19 (A-2)
The right-hand side of Eq. A.2 is ,/Y/z((f)‘lg)) = /1+ fej:r,,’ which is the extent to

which learning 6 reduces uncertainties, and it depends on the conjectured investment
kviaty, = 00_2(12).

Having characterized the trading subgame for a given k, I solve for the equilibrium
k below in 3 steps.
Step 1: Deriving the system of equations that characterize the equilibrium, while
taking 0 < A < 1 as given.

The manager takes the investors’ conjecture k and, hence, the price function Eq. A.1
as given and chooses k at = 0 to maximize his payoff E[p|l€, k] — vaar(p|12, k),
where E[plk,k] = A pg(k) + Bug(k) — DS and var(plk, k) = B0 (k) + C?a?

A o do? A
follow from Eq. A.1. The first-order condition for k is B — pp B> ddee = Bk. Because
B is guaranteed to be positive for A > 0, I rewrite the first-order condition as:

w—k=puB—L. (FOC k)

20 See “The New Pay Gap: What Firms Report Paying CEOs Versus What They Take Home” from the
Wall Street Journal published on 8/25/2019.
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The investors’ indifference condition for determining the fraction A of informed
traders is

2
exp(px F)= [1+ Pt —. (Indifference)
(ATe)2Te + p? /07 (k)

The equilibrium is characterized by Eqs. FOC k and Indifference, and rational expec-
tations k = k. I prove the existence and uniqueness of the solution to the system of
nonlinear equations at the end of the proof given its complexity.
Step 2: Characterizing F and F.

The manager takes the price coefficient B as given and cannot change it by choosing
a different k. I apply the implicit function theorem to Eq. FOC k and obtain the

following:
dk oM dvar(6)

dk
5 d2var(6)
dB 1+ py B O

I use var(0) instead of 002 in Eq. A.3 to ease the expression of the second-order
derivative.

Denote by F the cost threshold below which the fraction of informed investors is
A = 1 (hence, the price coefficient B = 1). Given Eq. A.3, We know that the equi-
librium investment is the smallest k under B = 1, and k = 1+2—E is determined by
substituting B = 1 to Eq. FOC k. Substituting k = k and A = 1 into Eq. Indifference,
we characterize F as

1 z
F=—log \/ 1+ e (A4)
0

(14 2pME)? + (UTe/p)* T =

Note that the value of information (i.e., the right-hand side of Eq. Indifference) is
increasing in k and decreasing in A. Eq. A.4 means that, at F = F, an investor is
willing to acquire information even if the value of information achieves its minimum
(i.e., whenk =k and A = 1). It follows that A = 1 forany F < F.

Similarly, denote by F the threshold above which A = 0, and hence B = 0.
k = k = 1 is obtained by substituting B — 0 to Eq. FOC k. Substituting k = k and
» = 0 into Eq. Indifference yields F:

F = log V1+u?t,2 (A.S5)

At F = F, on one will acquire information even if the value of information is at its
maximum (i.e., when k = kand A = 0). It follows that A = 0 for any F > F.
Step 3: Existence and uniqueness of the solution to Eqs. FOC k and Indifference.
This step shows the existence and uniqueness of the solut1on to the two nonlinear
equations (after imposing k = k) For a given k € (k, k), o) (k) = k2¥ is fixed and,
hence, a unique A (k) is determined by the indifference condition Eq. Indifference.
One can then substitute the given k and A (k) to obtain the price coefficient B(k) =
B(ag(k), A(k)) shown in Eq. A.1. That is, the system of equations allows us to
express A(k) and B(k) as implicit functions of k. Substituting A (k) and B(k) into
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Eq. FOC £, one obtains the equilibrium k as the fixed point to the equation:

o2

d
k=p—puBlh)—L. A6
w—puBkR) - (A.6)
The left-hand side of Eq. A.6 is increasing in k. I claim that its right-hand side
is decreasing in k, which means that there exists at most one fixed point k to Eq.
A.6. It is sufficient to prove the claim by showing that a higher k results in a higher
— 2 : : P2z
B(k) = B(oj (k), L(k)). Recall that the value of information \/ 1+ Gt oW
is decreasing in XA and increasing in k. If k increases (hence 092 is higher) in equilib-
rium, A must also increase to maintain Eq. Indifference as an equality. A higher k
9B

and A together result in an increase in B(Ge2 (k), L(k)) because 302 > 0 and % > 0.
0

This verifies the claim.

The existence of the fixed-point k to Eq. A.6 is proven by examining the extreme
values of k — k and k — k. Step 2 above shows that k = k and k = k satisfy Eq.
A.6 as an equality at F = F and F = F, respectively. For F € (F, F), one can
verify that the left-hand side of Eq. A.6 is less than its right-hand side for k = &,
while the opposite is true for k = k. The existence of the fixed point k € (k, k) to
Eq. A.6 follows from standard continuity arguments. O

Proof of Proposition 2 To prove that lowering F increases the price coefficient B in
equilibrium, suppose by contradiction that B weakly decreases instead. The manager

2
takes the price coefficient B as given, and Eq. A.3 shows that ;’—g < 0 for % >

— p;,ll . Thatis, the anticipation of alower B will motivate the manager to increase k and,

hence, 092. (Hereafter, I will drop the hat notation in B when discussing equilibrium
properties.) This means that, if alower F were to weakly decrease B in equilibrium, 002
would weakly increase. A weakly higher 002 and a strictly lower cost of information
acquisition F' imply that more investors will acquire information, i.e., a higher X.
(Recall from Eq. Indifference that the value of information is increasing in 092 and
decreasing in XA.) The argument, however, leads to a contradiction. In particular, Eq.

A.7 below shows that a strictly higher A and a weakly higher ‘762 will result in a strictly
Tp+A(Te+10)

higher B = Moo ¥, in equilibrium, contradicting the assumed conjecture that B
weakly decreases.
B 0B
Zs0, s, (AT)
do; oA

The contradiction proves the claim of % < 0 in equilibrium.

Note that the manager takes the pricing coefficient B as given in choosing k. There-
fore, the comparative statics below follow from the result Z—ﬁ < 0 shown above and
Eq. A.3:

dk  dk dB
dF ~ dBdF
It shows above that a decrease in F results in a higher B and a lower k (hence,
002) in equilibrium. If a lower F reduces 092 while still resulting in a higher B, we

0.
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know from Eq. A.7 that the higher B must be driven by an increase in A. This proves

dxr
aF < 0. O

Proof of Proposition 3 Given the market price p, an uninformed investor i’s interim
expected payoff is

E(Ui|p) = —exp{—p[E(Wilp) — gvar(Wilp)]}, (A.8)

where W; is i’s final wealth. Let s; be investor i ’s endowment of the firm’s share and d;
be her demand of the share. We know W; = ps; +d; (v — p). Differentiating E (U; | p)
with respect to d;, we solve from the first-order condition d; = % and express
W; as follows:
Wimpxsit D Py, (A.9)
pvar(v|p)

Substituting Eq. A.9 back to Eq. A.8, one can rewrite E (U;|p) as

_LE@lp) = pP?

E(Uilp) = —exp{ 2var@ip)

—ppsi} (A.10)

From an ex ante point of view, p is normally distributed because the price function
is linear. To calculate the investor i’s ex ante payoff, we take expectation of Eq. A.10
over p as:
[E@lp) —pP*

ElUT = El=expi= 2var(v|p)

P psitl, (A.11)

,  p—Aup+D
where var (vlp) = £ + e EQulp) = Hpe + 5 E=A4EPS and A, B,
and D are the price coefficients derived in Eq. A.1 and S is the average supply.
It is useful to define p = p — E[p] so that p is a zero-mean variable. Substituting
p = p + E[p] and the price coefficients A, B, D into Eq. A.11, I simplify it as the

following:

E[U] = E[—exp(F x p>+ G x p + H)], (A.12)
where
e 1) (To + Tp + Te)
2(t9+ 1) (ze + 79 + £) 2
S AS
G=—plsi— (Te+T9T) + Te ’
Tett+F AetT+7T)
and
2
S(te +10+71,) (2ATesi + 7, 2s; — S) + 2195 — ST,
H='O (e [4 p)( eSi p (25 ) 0Si 9)_[)“0&_.

2t (Ate + 19 + 1) 2

Computing E[U] in Eq. A.12 requires taking expectation of the exponential of a
quadratic form of a zero-mean normal variable p ~ N (0, X). Let V = var(p). We
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know V = B?/t5 4 C? /1, from the linear price function. Following (Veldkamp 2011,
p. 102), I calculate the closed-form expression of Eq. A.12 as

1 [ G’V
exp
V1 —=2FV 2(1 —=2FV)

Substituting F, G, H and V defined above into Eq. A.13, we can collect terms and
express the ex ante payoff as

E[—exp(Fx p?+Gx p+H)] = —

+ H:| . (A.13)

-1
E[U] =— <\/1 + w) exp{—S2 D? %} exp{— (silll — S?A)}.

var(v|p)
(A.14)
var[E@|p)—p] _ P to(to+Tp+Te) _ 2 22 2 (TeHTo+Ty)P
Here, Z5aralny = mertmtgtargr ¥ = PROTSDI®, A = 07 B0y St

and

1 Te Ty
b = =7 |1- — s
var(v|p) + var[E(v|p) — p] ~ < Te+T9+Tp TetTo+riTete(to+1p) + ZTp/?»>

where r = 1/p is the investors’ risk tolerance and price coefficients B and D are
specified under Eq. A.1. O

Proof of Proposition 4 We can rewrite the investors” welfare Eq. A.14 as

E[U]1=—(1+R)"? x exp(—T), (A.15)
where R = %}fl’;;p] and I = 5; ¥ + S2D? % — s?A. It follows
1
dE[U] d(1+R)"2 _1 dr
= — -r 1+R) 2 —I)—. A.16
IF IF exp(=I") + (I + R)™ 2 exp( )dF ( )
var[EQv|p)—p] __ ﬂzfe(fe+fp+fe)

Substituting the price coefficients, we obtain R =

var(v[p) TeTe (t9+Tp+ATe)?
Tedious algebra shows the following (using 75 = 1/(k*X), and 5—} < 0 and % >0
obtained in Eq. 12):

dR  9Rd). = 0R 3ty dk

—— = — 4 >
dF oAdF 0ty ok dF

1 1
d(4R)"2 _ dR : d(1+R)"2 : dR
Note —=— 77—  gF, meaning that —=— = shares the same sign as 7. Given

% > 0, we know from examining Eq. A.16 that % > 0 is a sufficient condition for

% > 0. Below, we examine 3—2 and derive a sufficient condition for Z—; > 0.
ar ol dug dk ol dr ol dry dk
a2 dredk =z o 220 A
dF oug dk dF oA dF 0tg dk dF
— — S—— — —
Mean Effect (+) Information environment Effect (+)  Firm Risk Effect (+ /=)
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In the “Mean Effect” in Eq. A.17 4k~ 0 is shown in Proposition 2. We know

> dF
% > 0 because g = uk — % and k < u (see Propositions 1 and 2). The fact that

the “Mean Effect” is positive follows by noting

al’

= ps; >0, (A.18)
e

where s; > 0 is investor i’s initial share endowment.

Similarly, I have shown % < 0 in Proposition 2 and one can verify that the

“Information environment Effect” in Eq. A.17 is nonnegative by noting: (recall r =

1/p)

or )
—=—(—-9) 5
I (A2rie3t2 + r21ete QATe + T9) + Te + T0)

(1— )L)rzrezrf ()\.rzfezfe + 7, + r(;)

<0, (A.19)

and the equality holds if and only if 5; = S.

It follows from Eq. A.17 that a sufficient condition for % > 0 is to have a positive

“Firm Risk Effect", which, given ZLI? < 0 shown in Proposition 2, is equivalent to

having % < 0. Straightforward algebra shows the following for any S > 0:

or
Py <Oifandonlyifs; < § x , (A.20)
To

with
(1— )L)rztgﬂ:@rE

Q= .
At + r2tteQhte — Atg +219) + T + T

(A21)

Recall from Proposition 1 that the equilibrium A and k (hence, ty) are independent
of the individual endowment s; and the average supply S. Therefore, 2 above is also
independent of S and s;. Rather, Q2 is determined solely by model parameters that are
common knowledge and is therefore a constant known in equilibrium. O

1

Proof of Corollary 1 It is shown in Eq. A.15 that E[U] = — (1 + R)™2 x exp(—I),

= var[E@lp)—pl _ PPTe(te+Tp+Te) o 22 2 :
where R = T T R e T and I' = 5; W + §° D~ 5 — s7A. Substi-

tuting 7, = (At./ 0)*7c, one can verify that % < 0. The fact that % < 0, together

with % < 0 shown in Eq. A.19, suggests that E[U] is decreasing in the fraction of
informed investors, A. The corollary follows by noting that a decrease in F' results in
a higher A for any A € (0, 1). O

Proof of Proposition 5 E[v — p] = D x S follows from the linear price function,
p(re+79+fp)

oL FHT) and 7, = (Ater)?te. I apply the chain rule to obtain

where D =

dD 3D dx 0D drg dk
— = . (A22)
dF ~ oA dF ' 9tp dk dF
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Tedious but straightforward algebra Venﬁes <0 and i < 0. The result Z—? >0

follows by subsituting 5% ‘”‘ < 0 and dfg <0 shown in Proposition 2. This proves the

claim that a decrease in F reduces the firm’s cost of capital E[v — p] = D x S.
Itis easy to see that E[v] = uk — K s increasing in k because I have shown k < p
dE[v] dk

in Proposition 1. The result =7 > 0 then follows 77 > 0 shown in Proposition 2.
To prove Part (iii), we use the price function characterized in Proposition 1 and

express

p(te + 79 + 1)

E[pl = E[v] — A23
[p] = Elv] T Ote + 70+ 1) (A.23)
Applying the chain rule to obtain dg[p I = 3%&" ] 5;} + 653 if,f jﬁ Substituting j—}

dE[P]

and 4k IF k derived in Eq. 12, one can verify that
below are satisfied at the same time:

> (if and only if the two conditions

r(u —k) (kZAZre (krztete + 1) + 1)

S<8§ :
STk (A (2 (P + 1) — 1) +2)

(A.24)

and

k (kz)LEIg (ArzrgrE + 1) + 1) S
2(BPAET (ST 4 1) (Mr2Tete + 1) — K2Aur 21, (Ar21ete + 1) + k(r — (A —2)SE) — pr)

M > p=—

Straightforward algebra verifies that p > 0 is guaranteed for § < S and that Z—% >0
(with p =0at § = 0).

The remainder of the proof verifies that both conditions above are easier to be
satisfied as F decreases. Note that S in Eq. A.24 is independent of the mean supply S
because Proposition 1 shows that the equilibrium k and A are independent of S. It is

easy to verify that 2 5% >0 and 2 dk < 0. Using the results < a7 <0 and < F > 0 from
Proposition 2, we know

dS 39S dx 98 dk

dF ~andF “axar =V

. .o 0 9 .
Similarly, one can verify % < 0 and % > 0, from which we know

dp _pdr  dpdk
dF ~ 9ndF ' okdF

Collecting conditions completes the proof. O
Lemma 1 below is used in proving Proposition 6.

Lemma 1 There exists a unique linear price equilibrium given a disclosure precision
7y > 0.
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Proof of Lemma 1 I guess and verify that the market-clearing price takes the form of
p = x ue(k) + agh +oyp —ace —agS,

where ¢ is the common noise in the public disclosure y. Observing price p is infor-

pP—oo Me)(/;)+0tsS—Oly Y _p_
ag—ay - ag—ay

mationally equivalent to observing g = €, where g

is normally distributed with mean 6 and precision 7, = (@)%e.
€

Denote by 77 = var'(v|0) and 7y = var !'(v|p) the posterior precision of
informed investors and uninformed investors, respectively. One can show that

1
7 =71, and 1y = i 1

=t )

(A.25)

. . . Ew|0)— . .
An informed investor’s demand is d; = II% and an uninformed investor’s

demand dy = 1y W. The market-clearing condition is
Adp+ (1 —2dy = S + e,

from which I can derive the linear pricing coefficients as follows:

o — (1-2M)1 o _)L(re—i—fg)—l—ry+t,, o — (1—-11y

O_Are+f9+ry+rp’ o= Me+T+Ty+1, 0 AMetTotTy T,
Te+T9+ 1Ty +Tp/A Te+Tg+tTy+1

Ote:p(e‘f‘ 0+ Ty +1p/M0) _P(e+ 0+ Ty +1Tp) (A.26)

A £ o - A £
Te(ATe +Tg + Ty +Tp) $ Te(ATe +Tg + Ty + 7))

where 79 = 1/ (2122) and 7, = (A1./ ,0)216. Note that all the coefficients are functions
of the conjectured kviaty = (1222))’1.

Having characterized the pricing function, the search for equilibrium resembles
the proof of Proposition 1, and, therefore, I only point out the main differences. The
first-order condition for k becomes

dvar(0)

w—k=pyag P (A.27)

The investors’ indifference condition that determines the equilibrium fraction of

informed investors A is
(pxF)= [14+—2F (A28)
ex * = _— .
ple Ty +1Tp,+ 0

The interior equilibrium is fully characterized by the system of equations: Eqs. A.27
and A.28, and k =k as in Proposition 1. Given a 7, > 0, the lower bound F(ty)
and the upper bound F (try) for A € (0,1) are characterized as in the proof of
Proposition 1. O
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Proof of Proposition 6 Rewrite the two equations Eqs. A.27and A.28as fi(k, A; 7y) =
0 and f>(k, A; y) = 0. L apply the implicit function theorem to obtain

;f afi 07! il
[d } [asz 34 [gﬁ} (A.29)

It follows from Eq. A.29 that

dk 0 and d 0 (A.30)
— >0and — < 0. .
dt, dty

Starting from 7, = 0, which is the no-disclosure case studied in Propositions 1,

increasing 7y increases k and decreases A. Let 7] be the precision level such that A
is lowered to zero for the first time. Such a Ty* exists and is unique. First, the value
of information-the right-hand side of Eq. A.28-is decreasing in ty,. Second, we know
A > Oforty, = Oand A = Ofor sufficiently large 7. (Recall the maintained assumption
F < F in Eq. A.5, which ensures A > Oatty =0.)

A will stay at zero for 7y, > '1: . The price function in this case becomes

9 . Ty Tg+T9+Ty(S+ o,

= + 3
z9+ry”“9 ‘179+1'yy P Te(To + Ty)

(A31)

where 1y = ,ul% — % and 7y = (k2%)~! depend on the investors’ conjectured k.

The manager takes the price function Eq. A.31 as given and chooses k to maximize

E[plk, k] — pyvar(p|k, k). The first-order condition is © — k — 2ppm afﬁ} k¥ =0.
y

Imposing rational expectations, k = k, one can solve the equilibrium k as the unique
fixed point of the following condition:

T
—k—=2py——r— k> =0. A.32
H YD) T+ e, (A-32)

The existence and uniqueness of the fixed point is guaranteed by noting that the left-
hand side of Eq. A.32 is decreasing in k, is positive at k — 0, and is negative for large
k. It follows from the first-order condition Eq. A.32 that

dk 2pmk3x?
— = <0. (A.33)
dvy k22 (K221, QouE + 1) + 6pu = +2) + 1

Equation A.30 shows > 0forty < r and Eq. A.33 shows < Oforz, > ry

This verifies the claim that the expected ﬁrm value E[v] achleves 1ts maximum at ‘L'y .
The remainder of the proof verifies the claim about investors’ welfare. Note that
the welfare expression Eq. 14 in Proposition 3 can be easily modified to incorporate
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the public disclosure. If an investor does not have share endowment (i.e., s; = 0), her
ex ante welfare is

exp(N)
E[U] = - , (A.34)
v1+R
_ varlEQ@lp)—pl _ P 2(t9+1y) (o +1y+HTp+Te) S22
where R = =20 rere o, N = T SmaGlptval EGTp—p
and the price coefficient oy = Tf((;‘r;rzg—m depend on the disclosure precision ty.

For 7, < 17, one can verify that

dR R  0R dr  0R 9ty dk

dn, oty ondr, ot 9k do,
dN oN  9ON dx oN oty dk

3

e e + P ~_ a7 7 07
dty oty drdry, Oty Ok dty
. . N
where 4k d >0 and = < 0 are obtained in Eq. A.29. It follows that E[U] = —%

is mcreasmg inty for Ty < T}
For 7y, > 7%, we can further simplify R and N defined above because A = 0 in this

case. One can verify the following (using j—fky < 0 obtained in Eq. A.33):

dR  0R n oR 019 dk
dry, 0ty Jt9 0k d‘Cy
dN  oON  dN drp dk -

_ _ + _—
dty, 0ty dt9 0k dty T

3

— _exp) .
It follows that E[U] = Wi

is uniquely maximized at 7y, = 7. O

is decreasing in 7, for 7, > r , implying that E[U]

Proof of Proposition 7 Much of the proof is to characterize the equilibrium stated in
the lemma below. Comparative statics of the equilibrium with respect to F are proved
afterward.

Lemma 2 There exists Py and pyy such that ay = 0 for py < Py and a» = 1 for
pm > py- For py € [,oM,,oM] the equilibrium a; € [0, 1] and A € (O, 1) are

Tp+)~(fe+T9)|dvar | =
ATet+T9+T) day -

uniquely characterized by the system of equations pyy da]

— /0279
and exp(pF) = \/ U+ oot ariar

Proof of Lemma 2 Given the price coefficient B(ay), the marginal benefit of the

mean-improving a; perceived by the manager is B(dz) X df—ale] and the marginal

benefit of risk-reducing ap is puB%(as )|dvar[9]| A necessary condition for both

a; and ap to be positive is that they share the same marginal benefit: B(dy) x
dfa[le] = puB2(a )|dvar2 |. Recall that the maintained assumption F < F < F
ensures A € (0, 1) and, hence, B > 0 in equilibrium. One can therefore express
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B(ay) x ddEa[:g] = pu B> (a2 )|dvar[9]| equivalently as:

dE[6] dvar[9]

— = B
da; = pu B(a2)]

. (A.35)

The two equations stated in the lemma are the investors’ indifferent condition Egs.

e S Tp+)»(‘[e+1'9(ﬁ2))
A.2 and A.35 above (after substituting B = Trtn G,

Given a a € [0, 1], a unique A is determined from the investors’ indifference
Tp+A(te+19(2))
Me+T19(a2)+1p
determined once a; € [0, 1] is specified. One can solve p " and p,, from Eq. A.35

after setting a, = 0 and a» = 1, respectively. That is,

and imposing d; = ap).

condition Eq. A.2. Therefore, the price coefficient B(d;) = is fully

dE[6 dvar[t
0, =T /(Bar) %)) y=0.01=1,

Pu = TGt/ (Bla) |75

M = “gq day |a2:l,a1:0-

Tp+A(Te+T0 (az))

To prove ay = 0for py < p M I differentiate B(ay) = Aot @ e,

with respect

to ap and obtain
dB(a») _ 0B di dB d1y

~ =——t——
day oA dan dTg dan
—_———— N——

<0. (A.36)

That is, the price coefficient is decreasing in the conjectured risk-reducing attention
ap. This means B(a, = 0) > B(ay) for any a, € [0, 1]. One can show the following
for pm < p u

d ar[@] dvar[@]
pm B(a2) | | <p,, Bl@)] |
dvar[G]
<p,Bla=0) ITIaFo
dE[6]
ar
dE[6
< 6] Yay,ap €[0,1]. (A.37)
dal

The first inequality is by py < Py . The second inequality uses B(a; = 0) > B(az)
for any a, (see A.36) and the assumptlon that var[0] features weakly diminishing
marginal returns. The equality is by the construction of p M and the last inequality
relies on the the assumption that E[#] features weakly diminishing marginal returns.
The inequality Eq. A.37 shows that, for py; < p, the manager’s marginal benefit of
ay is less than his marginal benefit of a; no matter what conjecture a; investors hold.
Therefore, az = 0 is the unique equilibrium for pyr < p u
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Similarly, for pps > P, one can show the following:

dvar [9] dvar[ ]
pm B(a2) | | > oy B(@) | |
dvar[é’]
= Py Blar = D)= lu=1
day
. dE[0] |
o da1 a1=0
dE[O
> 6] Yay,ap €[0,1]. (A.38)
dal

The first inequality is by pas > 0, and the second one uses B(az) > B(ap = 1) for
any dap < 1 and var[0] featuring weakly diminishing marginal returns. The equality
is by the construction of p,,, and the last inequality is by the weakly diminishing
marginal returns. Inequality Eq. A.38 shows that, for pys > p,,, the marginal benefit
of ay is higher than that of a; regardless of the investors’ conjecture d,. This proves
(a1 = 0, ax = 1) is the unique equilibrium for pp; > pyy-

It remains to prove that the solution to the system of equations in Lemma 2 exists
and is unique for py; € (BM’ pum). Note that, for a given ap € [0, 1], a unique A(ay)

is determined by the indifference condition exp(pF) = \/ 1+ #ﬁz/var[e]' One

can then substitute a; and A(a>) to obtain the price coefficient B(az) = B(aa, A(a2)).
That is, the system of equations allows us to express A(az), B(az), anda; =1 —ax
all as implicit functions of a,. Substituting A(az), B(az), and aj(a>) into Eq. A.35,
one can solve the equilibrium a3 as the fixed point to the equation below:

dE[6]
“da;
| dvar 9] |
day

B (az, Ma2)) =

(A.39)

We know from Eq. A.36 and its discussion that the left-hand side of Eq. A.39 decreases
in a; and the right-hand side increases in a;. Therefore, there exists at most one fixed
point a; to Eq. A.39. The existence of the fixed-point a; is proven by examining the
boundary values of a = 0 and ap = 1. Given how p Py and p,, are constructed above,
we know that ap = 0 and ap = 1 satisfy Eq. A.39 as an equality at py; = Ly and at
pm = Py, respectively. For py € (,0 , Pm), it is easy to verify that the left hand
side of Eq. A.39 is greater than its right- hand side at a; = 0, and the opposite is true at
az = 1. The existence of the fixed point az € (0, 1) to Eq. A.39 follows the standard
fixed-point argument. O

Having characterized the equilibrium in Lemma 2 above, the remainder proves
that, for py; € (B e pum) (hence, both ay, a> > 0), alower F increases the attention
devoted to the risk-reducing a;. Suppose that the cost of information acquisition is
reduced from F to F' = F — €. Denote by (ay, az, B, 1) and (a}, a}, B', \) the
equilibrium under F and F’, respectively. I prove a) > a2, B > B, and A’ > 1 by
showing a sequence of claims.
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Claim1 @} > ay. Suppose by contradiction a) < ap, in which case the value of
information shown below is weakly higher under aé( < a») because 7y is lower under
/
asy:
2

02T,

value= |1 + —————.
()\Te)zfe + ;02'[9

A weakly higher value, together with a strictly lower cost (i.e., F’ < F), results in

more information acquisition, i.e., A" > A. It’s easy to verify that the price coefficient
_ TptA(Tet+T0) .
B = NretTotT, satisfies

0B 0B
— <0, — >0. (A.40)
Ty oA

We can therefore conclude the following from A’ > A and aé < a» (hence, ré <71):
B’ > B. (A.41)

Given the diminishing marginal returns, a2 < a» (hence, a1 > g;) means that |dvar 0] |

is weakly higher under a} and dE da[l] is weakly lower under aj. It follows from Eq.
A.39 that B’ < B. However, finding B’ < B contradicts Eq. A.41, proving that the
assumption a), < a; is false.

Claim2 B’ > B.Claim 1 shows a) > a and, hence, a| < aj. It follows that |dVar ay

dE[G]

is weakly lower under @), and

follows from B = %[19]/(,0 |d‘“‘r[9]|) in Eq. A.39. Further, the equality B' = B

holds if and only if both E[6]a] and var[0|ay] are linear functions, and B’ > B holds
if at least one features strictly diminishing marginal returns.

is weakly higher under a}. The claim B’ > B

Claim3 A’ > A.Recall from Eq. A.40 %—f > 0 and % < 0. The claim A" > A follows
from B’ > B in Claim 2 and a} > a, (hence, 7, > 1) in Claim 1. O
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