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Chapter 1

Introduction
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1.1 Information asymmetry and the role of disclosures

in capital markets

Information disclosures are essential for the proper functioning of capital markets, both in

facilitating an accurate valuation of the firm and in allowing investors and other stakeholders

to monitor and incentivize management. Accounting literature on disclosure mainly concen-

trates on two types of information asymmetry in capital markets: information asymmetry

between the firm and investors and information asymmetry among investors (Kanodia, 2007).

The disclosure literature investigating the information asymmetry between the firm and

investors has generated numerous influential insights that greatly move forward our under-

standing of companies’ disclosure strategies. In an environment with information asymmetry

between the firm and investors, lack of information can lead to the adverse selection prob-

lem and the collapse of the market (Akerlof, 1970; Myers and Majluf, 1984). The firm thus

has various motives to voluntarily communicate information to investors (Healy and Palepu,

2001). But the disclosure strategies we observe can hardly match with the unraveling result

proposed by Grossman and Hart (1980), Milgrom (1981), Grossman (1981) and Milgrom

and Roberts (1986). Several explanations have justified why firms barely disclose all their

private information, including the disclosure being costly to the firm (e.g. Dye, 1986; Jo-

vanovic, 1982; Suijs, 2005; Verrecchia, 1983; Wagenhofer, 1990); investors’ uncertainty about

the manager’s information endowment (e.g. Dye, 1985; Jung and Kwon, 1988) or about the

manager’s disclosure incentives (Einhorn, 2007). What’s more, partial disclosures could also

arise when the manager is in doubt about investors’ response to the information (Suijs, 2007).

To collect more information from the firm and to improve market efficiency, regulators have

introduced various mandatory disclosure requirements. These regulations can be beneficial

in improving the social welfare under the existence of informational externalities (e.g. Dye,
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1990) or real externalities (e.g. Kanodia et al., 2000).

With the advanced understanding of the disclosure incentive in the literature, the recent

review papers by Beyer et al. (2010) and Kanodia and Sapra (2015) suggest two avenues

for new insights into the filed: the interaction between different information sources and the

real effects of disclosures. Encompassing both aspects can be critical as they can alter the

inferences drawn from the studies.

On the one hand, the mandatory disclosure rules have created a natural distinction be-

tween different disclosure channels, as the mandatory disclosures are subject to close scrutiny

from the regulators while the voluntary disclosures leave more freedom to the manager. A few

studies exploring the interaction between mandatory and voluntary disclosures demonstrate

that whether the two information sources exhibit a complementary or a substitute relation

depends on the information characters of the voluntary disclosure (Bagnoli and Watts, 2007;

Einhorn, 2005; Kwon et al., 2009). More importantly, regulations on the mandatory dis-

closures can even deteriorate the information environment by crowding out firms’ voluntary

disclosures (Gigler and Hemmer, 1998).

On the other hand, disclosure can have real effects by changing the firm’s production

decisions (e.g., Beyer and Guttman, 2012; Gigler et al., 2014; Göx and Wagenhofer, 2009;

Kanodia et al., 2005; Kanodia, 2006). Its impact on the information efficiency and on the

real efficiency can go along opposite directions. Kanodia and Sapra (2015) has pointed out

that with multiple frictions in the market, improving one of the frictions does not necessarily

increase the overall welfare. For instance, more precise accounting measure can provide valu-

able information to investors, but it can also increase manager’s over-investment incentive

and decrease the investment efficiency (Kanodia et al., 2005). Take another example, fre-

quent financial reporting releases timely information to the market, however, it can induce

manager’s myopic investment decision at the same time (Gigler et al., 2014). Therefore,

thoroughly evaluating the disclosure rules requires a consideration of both its interaction
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with other information sources and its impact on firm’s real decisions. This dissertation

incorporates both aspects when examining the role of information disclosures in solving the

information asymmetry issues between the manager and investors.

In a market with information asymmetry among investors, the economic consequence of

disclosure is not restricted to offering value relevant information to investors. Disclosure can

change investors’ relative information advantage (e.g. Easley and O’Hara, 2004) and thus

their trading decisions (e.g. Kim and Verrecchia, 1991a, 1997) and their private information

acquisition decisions (e.g. Diamond, 1985; McNichols and Trueman, 1994). These chain

reactions can extend to the trading volume in the market (e.g. Grundy and McNichols,

1989; Kim and Verrecchia, 1991b), the aggregate amount of information reflected in the

stock price and therefore the risk premium in the stock price (e.g. Hughes et al., 2007;

Lambert et al., 2007).

These effects become more severe and intriguing once we account for the interaction

among heterogeneous investors in the market. Investors can vary in assorted dimensions,

such as having diverse private information (e.g. Kim, 1993), holding different interpretations

of the disclosure (e.g. Indjejikian, 1991), responding to disclosures in different ways and so

on (e.g. Fischer and Verrecchia, 1999; Hirshleifer et al., 2006). The insights after accounting

for these interactions can be quite divergent from common intuitions, yet manage to explain

existing market anomalies. For instance, accounting for the diverse private information of

different generations of investors, Kondor (2012) proves that the public disclosure can reduce

the uncertainty on the asset’s fundamental value, but it can also raise disagreements among

investors, which explains the increased trading volume and price volatility around public

announcements. As another example, in contrast to the common intuition, the literature

has shown that irrational traders, such as heuristic traders, who do not respond to the

information in the optimal Bayesian way, are not necessarily worse off than the rational

traders and thus can survive in the market over time (e.g. Fischer and Verrecchia, 1997).
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Interactions among investors also play a role in achieving the efficient risk sharing in the

market. The risk premium in stock price reflects the compensation required by risk averse

investors in holding stocks with uncertain payoffs. This cost of capital concept is not new in

accounting and studies on information and cost of capital span widely in accounting, finance

and economics (See Bertomeu and Cheynel (2015) for a review of the literature). Achieving

efficient investment risk allocation can decrease the firm’s cost of capital and thus reduce

firm’s cost of raising funds in the equity market. With heterogeneous investors, however, it

is unclear what the efficient risk allocation would be and what the impact of information is

in achieving this allocation. This dissertation addresses the investors’ efficient risk allocation

issue considering two dimensions of heterogeneities among investors.

To sum up, this dissertation aims to contribute to the literature by studying the following

questions:

1. What are the interactions between the manager’s decision and the informational value

of firm’s disclosures?

2. With heterogeneous investors in the market, how do firm’s disclosures influence the

risk sharing among investors?

Chapter 2 and Chapter 3 investigate the first part. Both chapters focus on the interaction

between managerial decisions and the informational value of disclosures. In addition, these

two chapters provide insights on the interaction between multiple information sources. The

results emphasize that the manager’s acquisition of information is not equivalent to more

value relevant information to investors and more information in the market is not always

beneficial in disciplining the firm’s real decisions. Chapter 4 and Chapter 5 examine the

second part and show that the disclosure matters for the risk sharing among investors and

thus can influence the firm’s cost of capital. Such impact, however, critically relies on the
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interaction among the heterogeneous investors in the capital market. As different disclosure

mechanisms have distinct institutional features, this dissertation studies the above questions

in four novel settings and tailors the implications to the specific institutional details of each

setting.

Before moving on to the overview of each chapter, I would like to mention that the eco-

nomic modelling is a simplification of the real world and its added value critically depends on

the model’s validity. Personally, I believe that assumptions in the model are chosen to strike

a good balance among three dimensions: consistency with reality, tractability, and concen-

tration on the key trade-off. These are also the rules that guide the modeling choices in this

dissertation. One example is exploring the market valuation forces in resolving the informa-

tion asymmetry issues, rather than the contracting mechanism. As argued in Gigler et al.

(2014), when current manager and current shareholders share perfectly aligned incentives,

the information asymmetry leads to incentive misalignment between current shareholders

and future shareholders. Because future shareholders are hard to identify, it is unclear how

a contract can alleviate the adverse selection problem. Similar idea holds true for reaching

efficient risk sharing among investors. Disclosure plays no role in investment risk allocation

if investors can agree on a contract to share the risk and the return efficiently. But given the

large number of investors in the market and the lack of strict restriction on trading shares,

such a contract would be problematic. Therefore, information and pricing mechanism seem

to be more feasible in these cases. The next section describes each chapter in detail.

1.2 Outline and overview

Chapter 2 focuses on the signaling value of management forecast and the condition under

which such signaling value can exist in the market. As an important source of information

in capital markets, management forecasts usually feature two characters. First, the manager
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needs to exert efforts upfront to analyze the existing information and generate the forecast;

second, protected by the safe harbor regulation, the manager possesses a large degree of

freedom in the content of the forecast. Building on these two features, Chapter 2 inves-

tigates the effect of a manager’s information acquisition decision on the signaling value of

management forecasts in a cheap talk setting. We find that in a signaling equilibrium the

benefits of acquiring the private information are lower for the manager of the high type firm

than for the manager of the low type firm. Therefore, when information acquisition costs are

identical across managers, endogenizing the information acquisition decision eliminates the

signaling value of management forecasts. Management forecasts can signal firm type only

when the information acquisition costs are lower for the manager of the high type firm than

for the manager of the low type firm. The predicted positive relation between the managerial

forecasting ability and the firm type is consistent with recent empirical evidence.

Chapter 3 of the dissertation investigates the impact of corporate social responsibility

(CSR) reporting on the firm’s CSR investment decision. It also examines what information

adds more value to investors: information about the firm’s contribution to the externalities or

information about the firm’s investment costs. In a capital market with socially responsible

investors who care about both the financial return and the externalities generated by the firm,

CSR reporting aids socially responsible investors in valuing the firm, which in turn influences

the manager’s decision to invest in CSR activities. The results show that disclosing noisy

information on the actual externalities generated by the firm or the marginal cost of CSR

investment can improve the investment efficiency of CSR activities. Disclosing two pieces of

noisy information together, however, cannot further improve the investment efficiency. CSR

investment policy can reach the first-best level if the CSR report contains a noisy signal on

the actual externalities and a perfect signal on the marginal cost of the CSR investment.

For firm valuation, we find that the disclosure of the marginal cost is more relevant than

the disclosure of the actual externalities, suggesting that CSR reports should focus more on
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disclosing the cost of the firm’s CSR activities.

Chapter 4 probes a setting with information asymmetry among investors and proves that

the disclosure format matters for achieving the efficient risk allocation in the market and

thus the firm’s cost of capital. The model assumes that the investment risk consists of two

separate components and that the efficient risk allocation across investors differs for each

component. While keeping the total amount of information on the two risk components fixed,

the paper shows that unbundling the information on the two risk components by disclosing

each piece of information at a different point in time improves risk sharing among investors.

Furthermore, the improvement in risk sharing lowers the firm’s cost of capital. The results

have implications for, e.g., the frequency of disclosure and the valuation of conglomerates.

The last chapter of the dissertation explores the heterogeneous investment horizons of

investors. In a market with both long-horizon and short-horizon investors, it studies how the

short-term trading of investors arises endogenously in capital markets and how disclosures

can affect such short-term trading. Employing a two-period noisy rational expectations

equilibrium model with long-horizon investors, short-horizon investors, and noise traders,

the paper shows that long-horizon investors engage in short-term trading to share the first

period stock price risk with short-horizon investors. Such short-term trading of long-horizon

investors lowers the risk premium in the stock price and improves the price informativeness

on firm’s fundamental cash flows. The results also show that the short-term trading of long-

horizon investors increases when the firm provides earnings guidance on the short-term cash

flow, but decreases when the firm provides guidance on the long-term cash flow.
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Chapter 2

The role of private information acquisition on

the signaling value of management forecasts1

1This chapter is co-authored with Jeroen Suijs.
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2.1 Introduction

This paper analyses how a manager’s information acquisition decision affects the signaling

value of management forecasts. Prior literature has documented that management earnings

forecasts can signal to investors the (fundamental) value drivers of the firm (e.g., Beyer and

Dye, 2012; Ramakrishnan and Wen, 2012; Trueman, 1986). Most of these studies mainly

focus on the forecasting decision. They implicitly assume that the forward-looking informa-

tion is readily available to the manager, so that the manager only needs to decide whether

to disclose this information. Firm’s information system, however, mainly documents infor-

mation related to the firm’s past and current operations. Thus, providing forward-looking

information to investors requires time and efforts from the manager. This is consistent with

recent empirical evidence, showing that the difficulty and the costs for the manager to gen-

erate forward-looking information matters for the forecasting decision (Fan and Ma, 2015;

Jennings and Tanlu, 2014). To our knowledge, no theoretical models thus far have provided

guidance on how manager’s efforts on generating forward-looking information affect man-

agement forecasts. This paper contributes to the literature by taking into account both the

manager’s information acquisition decision and his forecasting strategy. Our results show

that endogenizing private information acquisition has a significant effect on the signaling

value of management forecasts.

We construct a model with two firm types, the high type firm features a higher periodic

expected cash flow than the low type firm. Firm management knows firm type but investors

do not. Investors thus face an adverse selection problem as they prefer to invest in the high

type firm. The firm mandatorily issues an earnings report which provides noisy information

on the firm’s cash flow. Because the mandatory disclosure does not perfectly reveal firm

type, firm management has an incentive to issue an earnings forecast to signal the firm type

to investors. The manager of the firm can acquire costly private information about earnings
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and use this information in his forecast. We interpret the manager’s information acquisition

costs as managerial forecasting ability. Alternatively, the manager can choose to issue a

forecast without acquiring private information. We refer to a management forecast based on

private information as an informed forecast and we refer to a management forecast without

private information as an uninformed forecast.

We start the analysis by showing the existence of a separating equilibrium where the

management forecast signals firm type. In a separating equilibrium, the manager of the high

type firm acquires the private information and issues an informed forecast and the manager of

the low type firm does not acquire the private information and issues an uninformed forecast.

Therefore, a correct forecast is indicative of a high type firm whereas an incorrect forecast is

indicative of a low type firm. In a separating equilibrium, both the forecast content and the

forecast error are informative about firm type. The forecast decision itself is not informative

about firm type because both firm types issue a forecast.

Based on the equilibrium results, we find a positive relation between managerial fore-

casting ability and firm type in the separating equilibrium. Specifically, when information

acquisition costs are the same across managers, the separating equilibrium does not exist

and management forecasts can not be informative on firm performance. The separating equi-

librium and the signaling value of management forecasts exist only when the information

acquisition costs are lower for the manager of the high type firm than for the manager of the

low type firm, that is, the manager of the high type firm has a higher forecasting ability.

The above positive relation in the separating equilibrium is mainly driven by the equilib-

rium results that the manager of the high type firm has smaller benefits of acquiring private

information than the manager of the low type firm. The explanation for this is as follows.

When making an uninformed forecast, the manager of the high type firm wants to maximize

the likelihood of issuing a correct forecast. The manager of the low type firm, however,

has two objectives. Besides maximizing the likelihood of issuing a correct forecast, he also
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wants to mimic the forecast of the high type manager so that the forecast itself does not

immediately reveal firm type. Based on the first objective, the manager of the high type

firm would issue a good news forecast while the manager of the low type firm would issue

a bad news forecast. But then a bad news forecast would immediately reveal that the firm

is a low type. Hence, when making an uninformed forecast, the manager of the low type

firm will have to issue a good news forecast with positive probability. As this good news

forecast is more likely to be incorrect for the low type manager, his benefits of acquiring

private information are larger.

We further find that the signaling value of management forecasts only arises when infor-

mation acquisition costs are at an intermediate level. Private information acquisition does

not occur when information acquisition costs are too high, because the benefits of issuing

an informed forecast do not outweigh its costs. But private information is also not acquired

when information acquisition costs are sufficiently low for both managers. This is because

the manager of the low type firm would also benefit from acquiring private information,

thereby rendering the forecast an uninformative signal.

Finally, we shed light on the interaction between mandatory and forward-looking dis-

closures. On the one hand, we find that the confirmatory role of the mandatory disclosure

enables the manager to issue a credible forecast that reflects his private information. On

the other hand, a more informative mandatory disclosure reduces the potential benefits of

acquiring private information. The more information the mandatory disclosure reveals about

firm type, the lower the incremental value of the forward-looking disclosure will be. When

mandatory disclosure becomes more informative, the second effect will eventually dominate

so that a separating equilibrium no longer exists. To restore the separating equilibrium, the

manager should be able to acquire more precise information at the same costs or equally

precise information at lower costs.

The main contribution of this paper is twofold. First, it adds to the theoretical insights
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into the signaling value of management forecasts. It shows how manager’s information ac-

quisition decision affects the signaling value of management forecasts. Management forecasts

could signal firm performance only if the high type firm has a manager with lower information

acquisition costs and thus a higher forecasting ability than the manager of the low type firm.

Second, this study supports the empirical evidence found on management forecast quality.

The predicted positive relation between firm performance and manager’s forecasting ability

is consistent with the results in Baik et al. (2011) and Goodman et al. (2013). Also, the

predicted negative relation between information acquisition costs and management forecast

accuracy corresponds to the results in Jennings and Tanlu (2014) and Fan and Ma (2015).

The paper proceeds as follows. Section 2.2 summarizes the related literature. Section 2.3

describes the model. Section 2.4 presents the equilibrium analysis and discusses the main

results. Section 2.5 discusses possible extension to model while Section 2.6 concludes. All

proofs are in Appendix B.

2.2 Related literature

Our study relates to several strands of literature. First, it relates to the disclosure litera-

ture on cheap-talk settings. Since the forward-looking disclosure need not be truthful, the

mandatory disclosure is necessary to provide truth-telling incentives. Similar to Stocken

(2000) and Lundholm (2003), truth-telling or credibility arises because of the confirmatory

role of a mandatory disclosure. Gigler (1994) and Newman and Sansing (1993) show that

credibility can also be achieved when there are different users of the disclosed information

with opposing interests.

Second, our paper relates to the literature on management forecasts. Existing studies like

Trueman (1986) and Beyer and Dye (2012) also propose a signaling incentive for management

forecasts. These studies assume that the forecasting ability of managers directly depends on
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firm type. We show that a separating equilibrium only exists when the manager of the high

type firm has a higher forecasting ability than the manager of the low type firm.

Finally, our study also relates to the literature on management forecast accuracy. Beyer

(2009) discusses how a manager forms his earnings forecasting strategy and earnings report

policy to influence investors’ perceptions of the mean and variance of the firm’s cash flows.

The forecast error serves to provide information on the unknown variance of the firm’s cash

flows. Ramakrishnan and Wen (2012) examine the reason for the market to reward earnings

guidance. They assume that earnings forecasts are always truthful and firms receive private

information of different qualities, so that the forecast accuracy helps investors to distinguish

the quality of firms’ information environments. Mittendorf and Zhang (2005) study man-

agement earnings forecasts in an agency setting. Their results show that biased earnings

guidance motivates the analyst to conduct an independent assessment of firm performance.

The main difference between our paper and these papers is that we endogenize the infor-

mation acquisition decision. Managers do not exogenously receive private information with

different quality levels. Our results suggest that management forecast accuracy signals firm

type when the information acquisition costs are lower for the manager of the high type firm

than for the manager of the low type firm.

2.3 The Model

We consider a single-period game with risk neutral manager and investors. Figure 1 sum-

marizes the sequence of events in our model.

Firm type

The firm can be one of two types. Firm type θ̃ can be high (θ̃ = H) or low (θ̃ = L),

with q ∈ (0, 1) denoting the probability that the firm is the high type. Firm type refers to
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Figure 2.1: Overview of the model

factors that determine a firm’s future cash flows, such as production technology, investment

expertise or any other competitive advantage. These competitive advantages can lead the

firm to better investment choices and hence generating higher future cash flows.2

At t = 0, the manager privately learns firm type, but he cannot directly and credibly

disclose firm type to investors.3 Therefore, the focus of the model is on signaling firm type

to investors by means of a forward-looking disclosure. For simplicity, the manager of the

high (low) type firm is henceforth addressed as the high (low) type manager.

The firm generates a cash flow x̃ by the end of the period and the cash flow is distributed

2Differences in firm type can also be explained by a managerial investment decision as modeled in Ra-
makrishnan and Wen (2012). In that case, managers need to decide in which market to invest where the
profitability of each market depends on the state of nature. In state of nature A investment in market A is
the optimal decision while in state of nature B, investment in market B is the optimal decision. Differences
in firms’ future cash flows then arise because the manager of the high type firm is better informed on the state
of nature than the manager of the low type firm. For notational convenience, however, we do not further
model this investment phase as it will not affect our results. Trueman (1986) uses a dynamic version of this
setup where different firm types are characterized by the timeliness that managers receive new information so
as to revise their investment decisions. The earlier they receive new information and revise their investment
decision, the higher the expected future cash flows will be.

3Disclosure of firm type lacks credibility as both firm types have an incentive to disclose that they are
high type firms. The model also applies when the disclosure will be possible and credible but may not arise
because of proprietary cost, e.g., firms cannot signal their types by directly explaining to investors their
production technology or investment expertise, as this would eliminate their competitive advantages over
other firms. In such situations, firms could disclose their firm type indirectly, e.g., by means of signaling.
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to the shareholders. It can be either high or low, which is denoted by x and x, respectively

(x > x). A high type firm maintains a higher probability pH of realizing the high cash flow

x than a low type firm, that is 1 > pH > pL > 0. Hence, E(x̃|θ = H) > E(x̃|θ = L). In the

remainder we use E(x̃|H) to denote E(x̃|θ = H) and E(x̃|L) to denote E(x̃|θ = L).

Signals on firm type

Before the firm is sold to investors, the firm publicly issues an earnings report z̃. We assume

that disclosure of z̃ is mandatory and truthful.4 The earnings can be either high or low,

which is denoted by z and z, respectively (z > z). The earnings report provides noisy

information on the cash flow x̃ and its precision is denoted by sz where sz = Pr(z̃ = z|x̃ =

x) = Pr(z̃ = z|x̃ = x). We set sz ∈ (1
2
, 1]. For the extreme case of sz = 1

2
, the earnings

report z̃ is uninformative; while for the other extreme case of sz = 1, the earnings report

provides perfect information on the cash flow x̃. Denoting by pθ(z) the probability of having

a high earnings report given firm type θ, we have pH(z) = pHsz + (1 − pH)(1 − sz) and

pL(z) = pLsz + (1 − pL)(1 − sz). Observe that pH(z) > pL(z). Further, observe that the

earnings report z̃ provides some information on firm type as the high type firm is more

likely to realize high earnings than the low type firm. However, investors cannot perfectly

distinguish firm type based on the earnings report alone, for even when sz = 1, both firm

types can generate a high earnings report with positive probability.

During the period, both types of firms can provide a forward-looking disclosure about

z̃ to investors. This model differs from most management forecast models by explicitly

considering the information acquisition strategy of the manager.5 Before making the forecast,

4The truthful disclosure assumption can be justified on the basis that an external audit is required for
most mandatory disclosures.

5Fischer and Stocken (2010) consider the analyst information acquisition decision in a cheap talk setting.
They study how public information affects analysts information acquisition and disclosure behavior. Our
paper differs from Fischer and Stocken (2010) in two aspects. First, there exists an adverse selection issue
in our setting. Therefore, the managerial disclosure not only provides information on the liquidation payoff,
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the manager of firm type θ ∈ {H,L} can choose to acquire private information ỹ about z̃

at costs cθ. The support of the private information ỹ is Y = {g, b}, where g is good news

and b is bad news. Note that given the earnings report z, y does not provide any additional

information on the cash flow x to the manager. The private information can only improve the

manager’s forecast accuracy. The precision of the private information, denoted by sy, is the

probability of receiving correct information, i.e., sy = Pr(ỹ = g|z̃ = z) = Pr(ỹ = b|z̃ = z).

We set sy ∈ (1
2
, 1).6 The information acquisition costs cθ can be interpreted as the manager’s

personal effort of collecting and processing the forward-looking information.7 We interpret

lower information acquisition costs as the manager having a higher forecasting ability. For

simplicity, we model the forecasting ability by varying the acquisition costs cθ between two

manager types while assuming the information precision sy is the same. An alternative

way is varying the information precision while assuming the acquisition costs are the same.

Our implications hold with both modeling structures and details on the alternative way are

discussed in Section 5. Investors do not know whether the manager acquires the information

ỹ and the manager cannot credibly disclose whether he has acquired the information ỹ.8

The manager’s forecasting strategy, denoted by dθ, has the support D = {∅, g, b}, with

∅ denoting that no forecast is made.9 The forward-looking disclosure can be different from

but also helps investors differentiate firm types, which is not the case in Fischer and Stocken (2010). Second,
in our model, the manager’s disclosure decision is about forecasting the future earnings that will be realized
afterwards. In Fischer and Stocken (2010), the public information is available to the analyst and investors
before the analyst’s disclosure decision.

6For now, we exclude the perfect private information case in the equilibrium analysis because it leads to
different manager’s forecasting behavior. We discuss the case of sy = 1 in Appendix A.

7For firms with accounting information systems, managers may incur minor costs of collecting information.
However, they still spend time and effort to process and translate the information into management earnings
forecasts. In this case, the information acquisition costs represent the effort to process information.

8Credible disclosure of the information acquisition decision requires that a manager who does not acquire
information can credibly disclose that he is uninformed. This assumption is thus similar to the assumption
in Dye (1985) and Jung and Kwon (1988) that a manager cannot credibly disclose that he did not receive
any private information. If the manager can disclose the acquisition decision, then no separating equilibrium
exists, as managers from both firm types would acquire the information. Such outcome, however, is inefficient
as the costly private information does not yield any signaling benefits. In that case, the manager is trapped
in a prisoner’s dilemma.

9If we allow the manager to forecast an earnings number instead of either the good news or the bad news,
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the private information ỹ, that is, the manager need not truthfully disclose the private

information he acquires. We also allow the manager to issue a forecast even when he has

not acquired private information. We refer to the pair (d, z) as ”forecast error” when d 6= ∅,

where d is the forecast received by investors and z is the disclosed earnings report. For the

outcome pairs (g, z) and (b, z), the forecast is correct and forecast error is said to be zero.

For the outcome pairs (g, z) and (b, z), the forecast is incorrect and the respective forecast

error is said to be negative and positive, respectively. Notice that when the manager acquires

private information, the forecasting strategy is conditional on y, i.e., dθ(y).

Market price and managerial payoff

The manager would like to maximize the stock price net of his information acquisition

cost.Thus, the objective function Wθ(aθ, dθ) of the manager equals

Wθ(aθ, dθ) = P (d, z)− cθ · aθ, 10

where P (d, z) denotes the firm’s selling price at the end of the period when information (d, z)

is availableand aθ ∈ {0, 1} denotes the information acquisition decision of the manager of

firm type θ. In a perfectly competitive market with risk neutral investors, the selling price

equals the expected cash flow that investors receive at the end of the period,

P (d, z) = E(x̃|d, z) = Pr(θ̃ = H|d, z)E(x̃|z,H) + Pr(θ̃ = L|d, z)E(x̃|z, L). (2.1)

it would not change our results. With real number forecasts, the forecast would be based on the acquired
private information and firm type. Since the private information can only be either good or bad, managers
would only choose between two different forecast numbers in equilibrium. Furthermore, since these forecast
numbers can be chosen arbitrarily, there is no additional value in having the manager forecast an earnings
number.

10It is crucial in our model that the manager fully bears the information acquisition costs cθ, as this
prevents the low type manager from mimicking the high type manager’s information acquisition strategy. If
cθ reduces the cash flow and hence is included in the stock price, the low type manager incurrs no cost when
deviating from his equilibrium information acquisition strategy and mimicking the high type manager. In
this case, both managerial types would adopt the same information acquisiton strategy and no separating
equilibrium exists.
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To maximize his expected wealth E[Wθ(aθ, dθ)], the manager maximizes the firm’s ex-

pected selling price net of his information acquisition costs, that is,

E[Wθ(aθ, dθ)] = E[P (d, z)]− cθ · aθ =
∑
(d,z)

Pr(d, z|θ)P (d, z)− cθ · aθ. (2.2)

Equation (2.2) indicates that the manager makes the information acquisition decision aθ

based on a cost-benefit trade-off. The costs of acquiring private information are cθ, and the

benefits are the increased firm value E[P (d, z)] from a more accurate forecast. The expected

price is higher when the firm is believed to be a high type than when the firm is believed to

be a low type; thus a low type firm would like to mimic a high type firm, whereas a high

type firm would always try to separate itself from a low type firm.

The structure of the model is common knowledge. Information asymmetry exists with

respect to the true type of the firm, the information acquisition decision of the manager, and

the private information (if acquired).

2.4 Signaling Equilibrium

A signaling equilibrium consists of an information acquisition decision aθ, a disclosure strat-

egy dθ and investors’ beliefs Pr(θ̃|d, z) such that:

(i) For each forecast error (d, z), and the given beliefs Pr(θ̃|d, z) of investors, the pair of

strategies (aθ, dθ) is optimal for the manager, i.e.:

(aθ, dθ) ∈ arg max E[Wθ(aθ, dθ)];

(ii) Investors’ beliefs Pr(θ̃|d, z) are rational with respect to the strategies (aθ, dθ) of the

manager.

We define a pooling or separating equilibrium depending on the information acquisition

strategy of the two manager types. When (aH , aL) ∈ {(1, 1), (0, 0)}, both manager types
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follow the same information acquisition strategy. We classify this as a pooling equilibrium

as the forecast error (d, z) does not reveal any additional information on firm type. When

(aH , aL) ∈ {(1, 0), (0, 1)}, only one manager type acquires private information. We classify

this as a separating equilibrium as the forecast error contains additional information on firm

type: the forecast of the manager who acquires private information is more accurate. Note

that the forecast error in the separating equilibrium provides additional information on firm

type, but generally does not fully reveal firm type to investors.

Pooling equilibrium

Observe that for the acquisition strategy combination (aH , aL) = (0, 0), managers can only

issue an uninformed forecast.

Proposition 2.1 There always exists an equilibrium where both manager types do not ac-

quire private information and follow the same forecasting strategy.

In such an equilibrium, investors rationally anticipate that the manager does not acquire

private information and hence ignore the forecast. Furthermore, as investors believe that

the forecast error is uninformative, there is no incentive for the manager to acquire private

information and issue an informed forecast. Hence, only the earnings report z̃ provides

information to investors about firm type. In this case, even though the forecast error can

differ between two firm types, it contains no incremental information from the earnings

report z̃, that is, Pr(θ̃ = H|d, z) = Pr(θ̃ = H|z).

The other pooling equilibrium with the acquisition strategy combination (aH , aL) = (1, 1)

does not exist. For the same reason as explained before, when both manager types take the

same information acquisition and forecast decisions, the forecast error is again uninformative

on firm type. Then both manager types are better off not acquiring the costly private

information.

25



Separating equilibrium

For the strategy combination (aH , aL) = (1, 0), only the high type manager acquires the pri-

vate information. In this separating equilibrium, forecasting accuracy differs across manager

types. The high type manager makes more accurate forecasts than the low type manager, so

that the correct forecasts (g, z) and (b, z) signal the high firm type and the incorrect forecasts

(g, z) and (b, z) signal the low firm type.

Proposition 2.2 If the acquisition costs cθ satisfy

cL ≥ (1− pL(z))(2sy − 1)[P (b, z)− P (g, z)], (2.3)

cH ≤
[
(1− pH(z))sy − pH(z)(1− sy)

1− pL(z)

pL(z)

]
[P (b, z)− P (g, z)], (2.4)

and the private information precision sy satisfies

sy ≥ sy =
pH(z)(1− pL(z))

pH(z)(1− pL(z)) + pL(z)(1− pH(z))
, (2.5)

then there exists an equilibrium in which only the high type manager acquires the private

information on z̃ and forecasts truthfully and the low type manager does not acquire the

private information, forecasts g with probability mL and forecasts b with probability 1−mL,

where mL satisfies11

pL(z)P (g, z) + (1− pL(z))P (g, z) = pL(z)P (b, z) + (1− pL(z))P (b, z). (2.6)

The out-of-equilibrium beliefs are such that when there is no forward-looking disclosure,

investors believe the firm to be a low type.

11Note that mL determines Pr(d, z|θ̃ = L) and Pr(θ̃ = H|d, z), which in turn determines P (d, z). Observe

that Pr(θ̃ = H|d, z) = Pr(d,z|θ̃=H)Pr(θ̃=H)

Pr(d,z|θ̃=H)Pr(θ̃=H)+Pr(d,z|θ̃=L)Pr(θ̃=L) , and Pr(d, z|θ̃ = L) = Pr(d|θ̃ = L)Pr(z̃|θ̃ =

L), where Pr(d|θ̃ = L) = mL for d = g and Pr(d|θ̃ = L) = 1−mL for d = b.
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The low type manager follows a mixed forecasting strategy defined by condition (2.6).

To explain the mixed forecasting strategy, note that when a low type manager would always

forecast b, the outcomes (g, z) and (g, z) would reveal that the manager is of a high type as

only a high type manager would issue the forecast g. But then the low type manager would

be better off by always forecasting g. A similar argument applies when a low type manager

would always forecast g. Thus, the low type manager must choose a mixed forecasting

strategy in equilibrium.

Conditions (2.3) and (2.4) represent the manager’s cost-benefit trade-off in the infor-

mation acquisition decision. In the separating equilibrium, the low type manager does not

acquire the private information, so that the information acquisition costs cL should be higher

than the benefits of acquiring private information, which is the right hand side in (2.3). The

high type manager acquires the private information, so that the information acquisition costs

cH should be lower than the benefits of acquiring private information, which is the right hand

side in (2.4).

In this separating equilibrium, the high type manager would credibly communicate the

private information that he has acquired only if sy > sy. Condition (2.5) defines the lower

bound of sy. Intuitively, the high type manager always forecasts truthfully when he receives

the information g, as he is more likely to realize the high earnings. But he may not credibly

communicate the private information b when the information precision is low. When sy is

low and the private information is b, there is a relatively high likelihood that the private

information is incorrect and the final outcome with truth-telling would be (b, z). As (g, z)

is indicative of a high type firm, the high type manager is then better off forecasting g

even when he receives the private information b. When sy = sy, the high type manager is

indifferent between always forecasting g and forecasting truthfully.

Note that the equilibrium forecasting strategies in Proposition 2.2 are different from the

results in Trueman (1986) and Beyer and Dye (2012). Both papers impose the assumption
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that managers without private information are not allowed to make forecasts. Removing

this exogenous restriction on the manager’s forecasting strategy, our paper points out that a

manager with no private information may also offer an uninformed forecast in equilibrium in

an attempt to conceal the firm type from investors. In our setting, both the content of the

forecast and the forecast error contain information on firm type. Investors can update their

beliefs on θ̃ based on the observed forecast. Seeing the forecast error later on still provides

them with additional information on firm type.

A separating equilibrium with strategy combination (aH , aL) = (0, 1) does not exist.

The main goal of the low type manager is to mimic the high type manager to engender a

pooling equilibrium and make the forecast error an uninformative signal. When the high

type manager does not acquire the private information, the low type can perfectly achieve

his goal by not acquiring the private information as well. Hence, there is no incentive for

the low type manager to acquire private information.

The link between firm performance and manager’s forecasting abil-

ity

The existence of a separating equilibrium depends on manager’s forecasting ability through

the information acquisition costs cL and cH in conditions (2.3) and (2.4), respectively.

Corollary 2.1 There is no separating equilibrium with imperfect private information when

forecasting ability is the same across two manager types, that is, when cH = cL.

For the separating equilibrium in Proposition 2.2, the low type manager has higher

benefits of acquiring private information. To explain this, note that given the earnings report,

the private information does not provide any additional information on the cash flow. The

benefits of acquiring private information only arise from the increased likelihood of issuing
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a correct forecast. When providing the uninformed forecast, the high type manager has the

incentive to maximize the likelihood of issuing a correct forecast. The low type manager,

however, not only wants to issue a correct forecast, but also needs to mimic the forecasting

strategy of the high type manager to prevent that the forecast itself immediately reveals firm

type. The later incentive increases his likelihood of issuing an incorrect forecast. Therefore,

the low type manager benefits more from acquiring private information than the high type

manager. To illustrate this argument, let’s consider a simplified example. Suppose the high

type firm realizes the high cash flow x with probability pH = 0.75, whereas the low type

firm realizes x with probability pL = 0.25. Then to maximize the likelihood of issuing a

correct forecast, the high type manager would forecast g and the low type manager would

forecast b. As this forecasting strategy immediately reveals firm type, the low type manager

has to deviate to forecasting g with positive probability. Since such a deviation increases

the likelihood of making an incorrect forecast, the low type manager benefits more from

acquiring the private information than the high type manager.

For the case where information acquisition costs are the same across two manager types,

when the high type manager acquires the private information, the low type manager would

benefit from acquiring private information as well. Therefore, there is no separating equilib-

rium and no signaling value of management forecasts.

To sustain a separating equilibrium with imperfect private information, information ac-

quisition costs must be higher for the low type manager so that he has no net benefits of

acquiring private information.

Corollary 2.2 If a separating equilibrium with imperfect private information exists, then

the high type manager has a higher forecasting ability, that is, cH < cL.

Corollary 2.2 explains the relation between firm type and manager’s forecasting ability

in the separating equilibrium. Both a high firm type and manager’s high forecasting ability

29



are necessary for the existence of a signaling equilibrium. The equilibrium link between

manager’s forecasting ability and firm performance is consistent with the observed evidence

in Baik et al. (2011) and Goodman et al. (2013). Baik et al. (2011) documents that forecasts

from relatively high-ability CEOs are more accurate. Goodman et al. (2013) shows that

manager’s forecast quality is positively correlated with manager’s investment decision quality.

A separating equilibrium only arises for intermediate values of the acquisition costs. Ob-

viously, when information acquisition costs are high, no manager type finds it attractive to

acquire the private information. However, when information acquisition costs are sufficiently

low for both manager types, a separating equilibrium also does not exist as the low type

manager will also acquire the private information.12 Therefore, the relation between infor-

mation acquisition costs and the likelihood of issuing management forecasts is not monotonic.

Informed forecasts only arise when the information acquisition costs are at an intermediate

level.

The information acquisition costs may help explain why in practice some firms offer

management forecasts to investors while others do not. One way to test this implication is

to examine the relation between the likelihood of providing a forecast and the level of the

information acquisition costs of the manager.

Besides the manager’s innate ability of generating forward looking information, other

external factors can also have impacts on the manager’s information acquisition costs. One

factor could be the organizational structure. Managers in centralized organizations can

collect firm-wide information relatively easy and thus have lower information acquisition costs

than managers in decentralized organizations. Similarly, managers in complex organizations

12There can also exist a mixed acquisition strategy equilibrium where the high type manager acquires
the private information and the low type manager acquires the private information with certain probability.
The signaling value of management earnings forecasts then depends on the probability that the low type
manager acquires the private information, which in turn depends on his information acquisition costs cL.
The higher the likelihood that the low type manager manager acquires private information, the lower the
signaling value of the forecast and the forecast error will be. Detailed equilibrium conditions and proofs of
mixed acquisition strategy equilibrium are available from the authors upon request.
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with uncertain external environments may also have high information acquisition costs, as

they need to exert more effort to collect forward-looking information of the same quality

than managers in a less uncertain environment. The recent empirical evidence in Jennings

and Tanlu (2014) and Fan and Ma (2015) is consistent with our findings. Jennings and Tanlu

(2014) and Fan and Ma (2015) find that firms with low organizational complexity provide

more accurate management guidance, which is consistent with our predicted negative relation

between information acquisition costs and management forecast accuracy.

The interaction between mandatory and forward-looking disclo-

sures

Prior literature mainly focuses on the interaction between mandatory and voluntary dis-

closures, rather than the interaction between mandatory and forward-looking disclosures.

Einhorn (2005) considers a model where the voluntary disclosure represents a supplemental

disclosure that can be made simultaneously with the mandatory disclosure. The role of the

voluntary disclosure is twofold. It provides information on the firm’s cash flows but it also

provides information on the noise in the mandatory disclosure. The interaction between vol-

untary and mandatory disclosures depends on their mutual correlation. Bagnoli and Watts

(2007) consider a setting where the manager’s private information complements the manda-

tory disclosure by influencing its informativeness. They assume that the manager observes

the mandatory reports beforehand and the voluntary disclosure must be truthful. The re-

sults show that the content and likelihood of a voluntary disclosure depend on whether the

mandatory disclosure is good news or bad news.13 Kwon et al. (2009) study how the manda-

13The key result difference between our paper and Einhorn (2005) and Bagnoli and Watts (2007) is that
the voluntary disclosure strategy in these two papers depends on the information content of the mandatory
disclosure. In our paper, the voluntary disclosure strategy only depends on the firm type, but not on the
information content of the earnings report. The difference arise from the fact that in the above two paper, the
manager observes both the mandatory disclosure and his private information when deciding on the voluntary
disclosure strategy. In our paper, even though the manager may have private information on the mandatory
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tory disclosure quality affects the bias in and the probability of voluntary disclosures. They

find that when the mandatory disclosure becomes more precise, the bias in the voluntary

disclosure decreases and the likelihood of issuing a voluntary disclosure increases.

In our model, the interaction between the forward-looking disclosure and the mandatory

earnings disclosure arises in two different ways. First, the mandatory disclosure provides

incentives to acquire private information and issue a forecast. To see this, notice that without

the mandatory disclosure of earnings, the forecast decision itself cannot provide credible

information on firm type because of our assumption that the manager can issue a forecast

even without having acquired private information. If the forecast decision would signal the

high firm type, then a low type firm would be better off by mimicking the high type and

issue an uninformed forecast. Such behavior renders the forecast decision an uninformative

signal about firm type. In our model, the mandatory earnings disclosure serves as an ex-

post verification device thereby lending credibility to the forward-looking disclosure. This

is consistent with the confirmation hypothesis demonstrated by Gigler and Hemmer (1998)

and Ball et al. (2012). In these studies, the role of the mandatory disclosure is to lend

credibility to the voluntary disclosure so that all value relevant information is revealed in

the voluntary disclosure. Our study differs in that the forecast error, i.e. the difference

between the forward-looking disclosure and the mandatory disclosure, also contains valuable

information.

Second, the mandatory disclosure makes acquiring private information and issuing a true

forecast less attractive. On the one hand, the more informative the mandatory disclosure,

the less the incremental information provided by the forecast and the forecast error. This in

turn reduces the benefits of issuing a forecast. When these benefits fall below the acquisition

disclosure, he is still uncertain about its realized value. Such uncertainty is crucial in our model as it plays
the confirmatory role and lends credibility to the voluntary disclosure. If the manager observes the earnings
when deciding on his voluntary disclosure strategy, the voluntary disclosure would add no information value
to investors.
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costs of the private information, the manager finds it no longer beneficial to acquire the

private information and issue the forecast. This result is opposite to the findings in Kwon

et al. (2009) where the manager is more likely to make a voluntary disclosure when the

mandatory disclosure becomes more informative. Their relation is driven by the reduced

bias in the voluntary disclosure, which increases the benefits of disclosure. On the other

hand, when the mandatory disclosure becomes more informative, the private information

may need to become more precise to sustain truthful forecasting by the high type manager:

Corollary 2.3 sy is monotonically increasing in sz.

Recall that for a separating equilibrium, sy in condition (2.5) represents the lower bound

on the precision of the costly private information for the manager to truthfully reveal his

private information in the forecast.

Summarizing, an increase in the precision sz implies that there is more information about

firm type in the earnings report z. Thus, the incremental value of the earnings forecast

reduces. To make acquiring private information attractive, the manager should be able to

acquire more precise information at the same cost level or equally precise information at a

lower cost level.

2.5 Discussion

The private information in our model has no intrinsic value. Conditional on the earnings

report, the private information does not provide any additional information on the firm’s

cash flows. Ex ante - before the manager learns firm type - the manager is thus better off by

not acquiring any costly private information, that is, the manager strictly prefers the pooling

equilibrium over the separating equilibrium. However, ex post - after the manager learns

firm type - this no longer holds true. Then the manager of the high type firm strictly prefers
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the separating equilibrium (provided that one exists) over the pooling equilibrium. Similar

to the results in Pae (1999), the information acquisition costs are thus the efficiency losses

that are borne by the manager. Managers would be better off ex ante by committing not to

acquire any private information at all. One possible way of making such a commitment is

to commit to not issue any earnings forecasts.

In our model, managerial forecasting ability is captured by the costs of acquiring private

information with the same precision level. Alternatively, forecasting ability can be modeled

as the precision of the acquired private information under the same acquisition costs. Given

the same acquisition costs, acquiring more precise information indicates that the manager

has a higher forecasting ability. Under the alternative setting, there also exists a separating

equilibrium as in Proposition 2.2 where the high type manager acquires the private infor-

mation and forecasts truthfully, whereas the low type manager does not acquire the private

information and follows a mixed forecasting strategy. Besides, when the information acquisi-

tion costs are low, there may exist another signaling equilibrium where both manager types

acquire the private information and forecast truthfully. To sustain both equilibria, the high

type manager needs to acquire more precise private information than the low type manager.

The forecast error then again provides information on firm type as the high type manager

is more likely to issue a correct forecast. Hence, the predicted positive relation between

managerial forecasting ability and firm type still holds under such an alternative setting.

Extending the current model to a multi-period setting, we expect that the signaling value

of management forecasts would reduce over time. Because in each period investors learn

additional information about firm type, the forecast error provides less additional information

on firm type as time progresses. Holding the information acquisition costs constant, the high

type manager will, at some point in time, stop acquiring private information as the benefits

from issuing correct forecasts no longer cover the information acquisition costs. One possible

extension in this respect is that, with some probability, firm type changes at the end of each
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period. Then investors’ uncertainty about firm type need not decrease over time so that

it remains beneficial for a high type manager to acquire private information and issue an

informed forecast. This would imply a greater need for forecasting information when firms

are operating in continuously changing environments.

Instead of acquiring private information on earnings, the manager may acquire private

information on cash flows. It would lead to two changes in the model. First, the probability

of issuing a correct forecast based on the private information would be lower than the setting

where the private information is about the earnings. This will decrease the benefits of acquir-

ing the private information. Because earnings is a noisy signal of cash flows, the likelihood of

making a correct earnings forecast on the basis of cash flow information decreases, which in

turn reduces the benefits of acquiring private information. For example, in the extreme case

that earnings is uninformative (i.e., sz = 1
2
), the benefits of acquiring cash flow information

are zero as this information does not help in correctly forecasting earnings. Second, with

the private information on the cash flow, the forecast would provide additional information

on the cash flow. This will increase the benefits of acquiring private information. We expect

that the current implications also hold in this setting, as the key driving incentive of the low

type manager mimicking the forecasting strategy of the high type manager is not affected

by the changes.

The current model does not take into account the possibility of earnings management. By

allowing for earnings management, managers can, at the end of the period, manage earnings

in the direction of their forecast thereby increasing the likelihood of issuing a correct forecast.

If earnings management is costless, earnings disclosures reduce to cheap talk and there will

be no signaling value in earnings forecasts. If earnings management is costly in the sense that

managers can not always manage earnings so as to meet their forecast, earnings forecasts

will still have a signaling value, but it will be lower than without earnings management.

The reason for this is that a correct forecast could now also be due to earnings management
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instead of a privately informed manager.

Finally, one could also wonder whether the firm could signal its type by means of a

contract. We conjecture that this is - at best - only partly possible. Suppose that the high

type firm and the low type firm would offer different contracts to their managers and that

the contract offered is publicly observable. Furthermore, assume that the contract offered by

the high type firm attracts the manager with the low private information acquisition costs

and the contract offered by the low type firm attracts the manager with the high acquisition

costs. Then the contract perfectly reveals firm type and there would no longer be any need

for the manager of the high type firm to acquire private information and issue an earnings

forecast. Since private information acquisition has become moot, the low type firm will

benefit from mimicking the high type firm by offering the same contract as the high type

firm. Hence, in equilibrium, either both firms offer the same contract so that contract reveals

no information at all on firm type, or one or both firms play a mixed strategy in the contracts

that they offer a manager so that the contract does not perfectly reveal firm type.

2.6 Conclusion

This paper studies the influence of manager’s information acquisition decision on the signal-

ing value of management forecasts. Management forecasts can be informative on firm type

in a separating equilibrium, where the manager of the high type firm acquires the private

information and makes an informed forecast, whereas the manager of the low type firm does

not acquire the private information and issues an uninformed forecast. We find that the

benefits of acquiring private information are lower for the manager of the high type firm

than for the manager of the low type firm. Hence, when information acquisition costs are

the same for both manager types, endogenizing the information acquisition decision drives

away the separating equilibrium and thus the signaling role of management forecasts. The
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separating equilibrium only exists when the information acquisition costs are lower for the

high type manager than for the low type manager, that is, managers of better performing

firms also have higher forecasting abilities. The predicted positive relation between firm

performance and manager’s forecasting ability is consistent with the empirical evidence in

Baik et al. (2011) and Goodman et al. (2013).

37



2.7 Appendix A: Perfect private information

This appendix analyses the case when manager’s private information is perfect, that is,

sy = 1.

Proposition 2.3 Let sy = 1. If the acquisition costs cθ satisfy

cL ≥ pL(z)[P (g, z)− P (b, z)], (2.7)

cH ≤Min{pH(z)[P (g, z)− P (b, z)], (1− pH(z))[P (b, z)− P (g, z)]}, (2.8)

and pL(z) satisfies

pL(z)[P (g, z)− P (b, z)]− (1− pL(z))[P (b, z)− P (g, z)] < 0, (2.9)

then there exists a separating equilibrium in which only the high type manager acquires the

private information and forecasts truthfully and the low type manager does not acquire the

private information and always forecasts b.

The out-of-equilibrium beliefs are such that when there is no forward-looking disclosure,

investors believe the firm to be a low type.

The major change in the perfect private information setting is that the informed forecast

will always be correct. Then in the separating equilibrium where only the high type manager

acquires private information and forecasts truthfully, an incorrect forecast reveals that the

manager is of a low type. This leads to a change in the low type manager’s forecasting

behavior. The low type manager no longer mimics the forecast content of the high type

manager, as mimicking lowers the likelihood of issuing a correct forecast and thus lowers firm

value. Instead of following a mixed forecasting strategy, the low type manager now adopts a

pure forecasting strategy b, as this maximizes his probability of issuing a correct uninformed
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forecast.14 Observe that the likelihood of having a correct uninformed forecast is higher

with the pure forecasting strategy b than with a mixed forecasting strategy. Consequently,

the benefits of acquiring private information are lower for the pure forecasting strategy b.

Furthermore, the benefits of acquiring private information could be lower than the high type

manager’s benefits of acquiring private information, so that a separating equilibrium may

again arise. We acknowledge, however, that having perfect private information is a rather

restrictive assumption.

Proof of Proposition 2.3

Note that with perfect private information sy = 1, the informed forecast is always correct.

Hence, an incorrect forecast reveals that the manager is of a low type. In equilibrium, the

high type manager acquires private information and forecasts truthfully. This yields the

expected payoff

pH(z)P (g, z) + (1− pH(z))P (b, z)− cH . (2.10)

From the alternative strategies that the high type manager has, we only have to con-

sider the one where no private information is acquired and an uninformed forecast is made.

Note that acquiring private information and making an uninformed forecast or non-truthful

forecast is never optimal as the private information is costly and an incorrect forecast cor-

responds to being a low type. Let mH denote the probability that the high type manager

forecasts g. His payoff then equals

pH(z)mHP (g, z) + pH(z)(1−mH)P (b, z) + (1− pH(z))(1−mH)P (b, z)

+(1− pH(z))mHP (g, z). (2.11)

14Condition (2.9) implies that pL(z) < 1
2 , so that the low type firm is more likely to realize the low earnings

report z.
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Since (2.11) is linear in mH , the value maximizing uninformed forecasting strategy is

either mH = 0 or mH = 1. Taking the partial derivative with respect to mH , we get

∂

∂mH

= pH(z)P (g, z)− pH(z)P (b, z)− (1− pH(z))P (b, z) + (1− pH(z))P (g, z). (2.12)

Hence, mH = 0 is optimal whenever (2.12) is negative and mH = 1 is optimal whenever

(2.12) is positive.

For mH = 0, (2.11) reduces to

pH(z)P (b, z) + (1− pH(z))P (b, z), (2.13)

so that the equilibrium payoff in (2.10) exceeds the payoff in (2.13) if and only if

pH(z)P (g, z)− cH ≥ pH(z)P (b, z).

It follows that

cH ≤ pH(z)[P (g, z)− P (b, z)]. (2.14)

For mH = 1, (2.11) reduces to

pH(z)P (g, z) + (1− pH(z))P (g, z), (2.15)

so that the equilibrium payoff in (2.10) exceeds the payoff in (2.15) if and only if

(1− pH(z))P (b, z)− cH ≥ (1− pH(z))P (g, z). (2.16)

It follows that

cH ≤ (1− pH(z))[P (b, z)− P (g, z)]. (2.17)

(2.14) and (2.17) ensure that the high type manager would never deviate to the alter-

native strategy of not acquiring the private information and issuing an uninformed forecast.

40



Combining (2.14) and (2.17) yields condition (2.8) in Proposition 2.3.

In the separating equilibrium, the low type manager does not acquire private information

and makes an uninformed forecast b. This yields the expected payoff

pL(z)P (b, z) + (1− pL(z))P (b, z). (2.18)

There are two alternative strategies to the low type manager: first, not acquire private

information and forecast g with the probability mL; second, acquiring private information

and forecasting truthfully. Note that acquiring private information and making a non-

truthful forecast is never optimal as the private information is costly and an incorrect forecast

corresponds to being a low type.

For the first alternative strategy, the low type manager does not acquire the private

information and forecasts g with probability mL. It yields the payoff

pL(z)mLP (g, z) + pL(z)(1−mL)P (b, z)

+(1− pL(z))(1−mL)P (b, z) + (1− pL(z))mLP (g, z). (2.19)

Since (2.19) is linear in mL, the value maximizing uninformed forecasting strategy is

either mL = 0 or mL = 1.Taking the partial derivative with respect to mL yields

∂

∂mL

= pL(z)P (g, z)− pL(z)P (b, z)− (1− pL(z))P (b, z) + (1− pL(z))P (g, z). (2.20)

Hence, mL = 0 is optimal whenever (2.20) is negative, that is the low type manager

always provides the uninformed forecast b. This holds true if and only if

pL(z)[P (g, z)− P (b, z)]− (1− pL(z))[P (b, z)− P (g, z)] < 0, (2.21)

which yields condition (2.9) in Proposition 2.3. Under (2.21), the low type manager would

always forecasts b when he does not acquire the private information.
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For the second alternative strategy, the low type manager acquires private information

and forecasts truthfully, which yields the payoff

pL(z)P (g, z) + (1− pL(z))P (b, z)− cL. (2.22)

The equilibrium payoff in (2.18) exceeds the payoff in (2.22) if and only if

pL(z)P (b, z) ≥ pL(z)P (g, z)− cL

It follows that

cL ≥ pL(z)[P (g, z)− P (b, z)], (2.23)

which yields condition (2.7) in Proposition 2.3.

2.8 Appendix B: Proofs

Proof of Proposition 2.2

In equilibrium, the low type manager does not acquire private information and follows a

mixed forecasting strategy. Let mL denote the equilibrium probability that the low type

manager makes an uninformed forecast g. Note that mL also influences the prices P (g, z),

P (b, z), P (g, z) and P (b, z). Then the low type manager is indifferent between always fore-

casting g and always forecasting b if and only if E[P (g, z)] = E[P (b, z)]. Using that pL(z)

denotes the probability of a low type manager reporting high earnings z, mL is such that

pL(z)P (g, z) + (1− pL(z))P (g, z) = pL(z)P (b, z) + (1− pL(z))P (b, z), (2.24)

which yields condition (2.6) in Proposition 2.2.
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Note that (2.24) also implies that

pL(z)[P (g, z)− P (b, z)] = (1− pL(z))[P (b, z)− P (g, z)]. (2.25)

We can also write the equilibrium expected payoff of the low type manager as

pL(z)mLP (g, z) + pL(z)(1−mL)P (b, z)

+(1− pL(z))(1−mL)P (b, z) + (1− pL(z))mLP (g, z). (2.26)

There are two alternative strategies for the low type manager: first, acquire private

information and forecast truthfully; second, acquire private information and forecast non-

truthfully. For the first alternative strategy, the low type manager’s expected payoff equals

pL(z)syP (g, z) + pL(z)(1− sy)P (b, z)

+(1− pL(z))syP (b, z) + (1− pL(z))(1− sy)P (g, z)− cL. (2.27)

The equilibrium payoff in (2.26) exceeds the payoff in (2.27) if and only if

pL(z)(mL − sy)P (g, z) + pL(z)(sy −mL)P (b, z)

+(1− pL(z))(1−mL − sy)P (b, z) + (1− pL(z))(mL − 1 + sy)P (g, z) + cL ≥ 0. (2.28)

Rewriting gives

(mL − sy)pL(z)[P (g, z)− P (b, z)]

+(1−mL − sy)(1− pL(z))[P (b, z)− P (g, z)] + cL ≥ 0. (2.29)

Substituting (2.25) into (2.29), inequality (2.29) reduces to

cL ≥ (1− pL(z))(2sy − 1)[P (b, z)− P (g, z)], (2.30)

which yields condition (2.3) in Proposition 2.2.
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For the second alternative strategy, the low type manager acquires the private informa-

tion and forecasts non-truthfully. Let pg denote the probability that the low type manager

forecasts g when he receives the private information g and let pb denote the probability

that the low type manager forecasts b when he receives the private information b. Then the

expected pay off equals

pL(z)[sypg + (1− sy)(1− pb)]P (g, z) + pL(z)[sy(1− pg) + (1− sy)pb]P (b, z)

+(1− pL(z))[(1− sy)(1− pg) + sypb]P (b, z)

+(1− pL(z))[(1− sy)pg + sy(1− pb)]P (g, z)− cL. (2.31)

Since (2.31) is linear with respect to pg, the value maximizing forecasting strategy is

either pg = 0 or pg = 1. Taking the partial derivative with respect to pg, we get

∂

∂pg
= pL(z)syP (g, z)− pL(z)syP (b, z)− (1− pL(z))(1− sy)P (b, z)

+(1− pL(z))(1− sy)P (g, z). (2.32)

Rewriting yields

∂

∂pg
= sypL(z)[P (g, z)− P (b, z)] + (sy − 1)(1− pL(z))[P (b, z)− P (g, z)]. (2.33)

Using (2.25), (2.33) reduces to

∂

∂pg
= sypL(z)

1− pL(z)

pL(z)
[P (b, z)− P (g, z)] + (sy − 1)(1− pL(z))[P (b, z)− P (g, z)]

= (2sy − 1)(1− pL(z))[P (b, z)− P (g, z)] (2.34)

As the correct forecast is more likely to be issued by the high type manager, we have

P (b, z) > P (g, z). Together with sy ∈ (1
2
, 1), it follows that ∂

∂pg
≥ 0. Hence, it is optimal to

have pg = 1, so that the low type manager always forecasts truthfully when he receives the
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private information g.

Similarly, as (2.31) is linear with respect to pb, the value maximizing forecasting strategy

is either pb = 0 or pb = 1. Taking the partial derivative with respect to pb, we get

∂

∂pb
= −pL(z)(1− sy)P (g, z) + pL(z)(1− sy)P (b, z) + (1− pL(z))syP (b, z)

−(1− pL(z))syP (g, z). (2.35)

Rewriting yields

∂

∂pb
= (sy − 1)pL(z)[P (g, z)− P (b, z)] + sy(1− pL(z))[P (b, z)− P (g, z)]. (2.36)

Using (2.25), (2.36) reduces to

∂

∂pb
= (sy − 1)pL(z)

(1− pL(z))

pL(z)
[P (b, z)− P (g, z)] + sy(1− pL(z))[P (b, z)− P (g, z)]

= (2sy − 1)(1− pL(z))[P (b, z)− P (g, z)] (2.37)

By the same argument as above, it follows that ∂
∂pb
≥ 0. Hence, it is optimal to have

pb = 1, so that the low type manager always forecasts truthfully when he receives the private

information b. Summarizing, the low type manager would always forecast truthfully when he

acquires the private information. Recall that acquiring private information and forecasting

truthfully is suboptimal for the low type manager when (2.30) holds, i.e., (2.3) in Proposition

2.2.

In equilibrium, the high type manager acquires private information and forecasts truth-

fully. This yields the expected payoff:

pH(z)syP (g, z) + pH(z)(1− sy)P (b, z)

+(1− pH(z))syP (b, z) + (1− pH(z))(1− sy)P (g, z)− cH . (2.38)
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There are two alternative strategies to the high type manager: first, not acquire private

information and offer an uninformed forecast g with probability mH ; second, acquire private

information and forecast non-truthfully.

For the first alternative strategy, the expected payoff equals

pH(z)mHP (g, z) + pH(z)(1−mH)P (b, z)

+(1− pH(z))(1−mH)P (b, z) + (1− pH(z))mHP (g, z). (2.39)

Taking the partial derivative with respect to mH yields

∂

∂mH

= pH(z)P (g, z)− pH(z)P (b, z)− (1− pH(z))P (b, z) + (1− pH(z))P (g, z). (2.40)

Using that pH(z) > pL(z), P (b, z) > P (g, z), and substituting (2.25) yields

∂

∂mH

= pH(z)[P (g, z)− P (b, z)]− (1− pH(z))[P (b, z)− P (g, z)]

= pH(z)
(1− pL(z))

pL(z)
[P (b, z)− P (g, z)]− (1− pH(z))[P (b, z)− P (g, z)]

=

[
pH(z)

(1− pL(z))

pL(z)
− (1− pH(z))

]
[P (b, z)− P (g, z)] ≥ 0. (2.41)

Hence, mH = 1 is optimal, that is, when the high type manager does not acquire private

information, he prefers to forecast g. The corresponding expected payoff equals

pH(z)P (g, z) + (1− pH(z))P (g, z). (2.42)

The equilibrium payoff in (2.38) exceeds the payoff in (2.42) if and only if

pH(z)(sy − 1)P (g, z) + pH(z)(1− sy)P (b, z)

+(1− pH(z))syP (b, z) + (1− pH(z))(−sy)P (g, z)− cH ≥ 0. (2.43)
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Rewriting gives

(sy − 1)pH(z)[P (g, z)− P (b, z)] + sy(1− pH(z))[P (b, z)− P (g, z)]− cH ≥ 0. (2.44)

Using (2.25), expression (2.44) reduces to

cH ≤
[
pH(z)(sy − 1)

1− pL(z)

pL(z)
+ (1− pH(z))sy

]
[P (b, z)− P (g, z)]

=

[
(1− pH(z))sy − pH(z)(1− sy)

1− pL(z)

pL(z)

]
[P (b, z)− P (g, z)], (2.45)

which yields condition (2.4) in Proposition 2.2.

Next, consider the second alternative strategy. Recall that it is optimal for a high type

manager to forecast g when he would remain uninformed. Hence, when receiving private

information g, it is optimal to forecast g as well. Therefore, the high type manager would

always forecast truthfully when he receives the private information g. Assume the high type

manager forecasts b with probability p′b when he receives the private information b. Then

the payoff equals

pH(z)[sy + (1− sy)(1− p′b)]P (g, z) + pH(z)[(1− sy)p′b]P (b, z)

+(1− pH(z))[syp
′
b]P (b, z) + (1− pH(z))[(1− sy) + sy(1− p′b)]P (g, z)− cH . (2.46)

As (2.46) is linear with respect to p′b, the value maximizing forecasting strategy is either

p′b = 0 or p′b = 1.Taking derivative with respect to p′b yields

∂

∂p′b
= pH(z)(sy − 1)P (g, z) + pH(z)(1− sy)P (b, z) + (1− pH(z))syP (b, z)

−(1− pH(z))syP (g, z) (2.47)
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Substituting (2.25) into (2.47) yields

∂

∂p′b
= pH(z)(sy − 1)[P (g, z)− P (b, z)] + (1− pH(z))sy[P (b, z)− P (g, z)]

=

[
pH(z)(sy − 1)

1− pL(z)

pL(z)
+ (1− pH(z))sy

]
[P (b, z)− P (g, z)]. (2.48)

As P (b, z) > P (g, z), ∂
∂p′b
≥ 0 if and only if

[
pH(z)(sy − 1)1−pL(z)

pL(z)
+ (1− pH(z))sy

]
≥ 0.

Rewriting this inequality yields condition (2.5) in Proposition 2.2

sy ≥
pH(z)(1− pL(z))

pH(z)(1− pL(z)) + pL(z)(1− pH(z))
= sy. (2.49)

Under condition (2.49), the high type manager would not deviate to the alternative strat-

egy of acquiring private information and forecasting non-truthfully.

Proof of Corollary 2.1

When cH = cL, existence of the separating equilibrium depends on the benefits of acquiring

private information for both manager types.

The right hand side of condition (2.3) in Proposition 2.2 denotes the low type man-

ager’s benefits of acquiring private information, and the right hand side of condition (2.4) in

Proposition 2.2 denotes the high type manager’s benefits of acquiring private information.

Rewriting (1−pL(z))(2sy−1) yields (1−pL(z))sy−(1−pL(z))(1−sy). As pH(z) > pL(z),

we have

(1− pL(z))(1− sy) < (1− pL(z))(1− sy)
pH(z)

pL(z)
. (2.50)

Using (2.50) and 1− pL(z) > 1− pH(z), we get

(1− pL(z))sy − (1− pL(z))(1− sy) > (1− pH(z))sy − pH(z)(1− sy)
1− pL(z)

pL(z)
. (2.51)

Inequality (2.51) implies that the benefits of acquiring private information are higher for

the low type manager than the high type manager.
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For the same information acquisition costs, i.e., cH = cL, when the high type manager

acquires the private information, that is, when the benefits of acquiring private information

are higher than the acquisition costs cH for the high type manager, the low type manager

would also acquire the private information, as his benefits from acquiring private information

would also be higher than the acquisition costs cL. When both manager types acquire the

private information, the forecast error is uninformative on firm type. Then both manager

types are better off not acquiring the costly private information. Hence, when cH = cL, no

separating equilibrium exists.
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Chapter 3

On the Relation between CSR Reporting and

CSR Investment1

1This chapter is co-authored with Jeroen Suijs.
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3.1 Introduction

The rapid growth of socially responsible investors (SRIs) within the investment community

suggests a growing awareness of Corporate Social Responsibility (CSR) issues in capital

markets.2 The increased attention is further supported by the rising number of companies

issuing a Corporate Social Responsibility (CSR) report.3 Academic research, however, pro-

vides little insights on the influence of socially responsible investors to the firm and the

value of CSR reporting to socially responsible investors. Unlike traditional investors who

only care about financial performance of the firm, socially responsible investors integrate

social, environmental, and ethical criteria into their investment decisions and aim to receive

a fair financial return while at the same time maintain their social objectives.4 As socially

responsible investors can derive utility from both financial return and social, environmental

aspects,5 it becomes unclear to what extent the firm should engage in CSR activities and

what information the firm should disclose in the CSR report. The answer is particularly

ambiguous when the CSR activities feature a trade-off between the financial return and the

externalities.6

Our research aims to contribute to the literature by answering two questions. First, what

2According to The Social Investment Forum Foundation (2010), $3.07 trillion of the $25.2 trillion pro-
fessionally managed funds in the US in 2010 are invested based on socially responsible criteria. This
number has increased to $6.57 trillion at the start of 2014, increasing by 76% from 2012 to 2014 (URL:
http : //www.ussif.org/bloghome.asp?Display = 55). Also, between 2001 and 2007, assets managed by
socially responsible investors in the US, UK, and Canada grew by $400, $600, and $400 billion respectively
(Ioannou and Serafeim, 2012).

3The KPMG International Survey of Corporate Social Responsibility Reporting (2011) finds that of the
250 largest global companies, only 35% engaged in CSR reporting in 1999; compared to 95% in 2011.

4The term ”traditional investors” in our paper conveys the same meaning as ”conventional investors”
and ”neutral investors” in the CSR literature. The term ”socially responsible investors” conveys the same
meaning as ”CSR investors” and ”green investors” in the literature.

5The ways of achieving such investment objectives show in various forms, including CSR themed invest-
ment, integrating CSR factors into financial analysis, social screening, investor activism and community
investing (Eurosif, 2014).

6Externalities are broadly defined as the costs or benefits that affect stakeholders who cannot choose to
incur those costs or benefits.
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is the role of the CSR report in firm valuation to socially responsible investors? Second, how

does the CSR report affect the firm’s investment efficiency in CSR activities? Current the-

oretical literature fails to provide direct guidance on establishing the link between CSR re-

porting and firm valuation with socially responsible investors, because traditional theoretical

models studying (voluntary) disclosures in financial markets exclusively focus on traditional

investors who only care about information concerning financial returns.7 Quite differently,

the current CSR disclosure seems to focus solely on the disclosure of the societal benefits,

rather than the financial information. The observed phenomenon in practice demonstrates

that the financial impact of CSR activities on company’s profits is rarely disclosed (Jose

and Lee, 2007). This is also consistent with the experimental results in Martin and Moser

(2012). But it is unclear whether such disclosure strategy is indeed optimal and whether

information on societal benefits would be more valuable than information on, e.g., the cost

of CSR activities. Our study sheds light on this issue by analyzing the relevance of the

information on societal benefits and investment costs.

We construct a model in which the manager seeks to maximize the firm value in a market

with socially responsible investors. The firm’s operational activities generate externalities

to the society and the firm can make CSR investments to improve their contribution to

the externalities. We refer to the externality level generated by the operational activities

before any CSR investment as the initial externalities and the level of externalities after the

CSR investment as the actual externalities. Since socially responsible investors care about

both the financial return and the externalities, the firm may have an incentive to make the

CSR investment. The manager has private information with respect to the firm’s initial

externalities and the marginal cost of the CSR investment. The CSR investment is made

before the CSR report is issued to investors. We consider three CSR reporting policies in

the paper. The CSR report can include one or both of two signals: the actual externalities

7See Beyer et al. (2010) for a review of disclosure models in accounting.
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generated by the firm and the marginal cost of the CSR investment. Our analyses focus on

the firm’s CSR investment decision under different CSR reporting policies.

In the first disclosure policy, the CSR report only provides (noisy) information on the

actual externalities. In equilibrium, the manager only uses his private information on the

initial externalities in his CSR investment decision. The private information on the marginal

cost is ignored. The equilibrium CSR investment level is such that the CSR report on the

actual externalities provides no information on both the initial externalities and the CSR

activities of the firm. This is because the optimal level of actual externalities required by

socially responsible investors is independent of the initial externalities level. As investors do

not know the marginal cost of the CSR investments, the manager will always choose the CSR

investment so as to achieve the optimal level of actual externalities, which in turn makes the

signal on the actual externalities uninformative of the initial level. As a consequence, the

CSR report does not affect firm valuation.

In the second disclosure policy, the CSR report only contains noisy information on the

marginal cost of the CSR investment. In equilibrium, the manager determines the CSR in-

vestment level based on his private information of the marginal cost. His private information

on the initial externalities is ignored. The CSR report is value relevant as the marginal cost

information enables socially responsible investors to correctly anticipate the CSR investment

decision of the firm, and to incorporate this information in firm valuation.

In the third disclosure policy, the CSR report includes both the information on the

actual externalities and the information on the marginal cost. When the information on the

marginal cost is noisy, the manager’s CSR investment decision only depends on his private

information of the initial externalities, but not on his private information of the marginal

cost. The intuition for this is as follows. The expected firm value is a decreasing function

of the marginal cost of the CSR investment, as higher marginal cost leads to lower CSR

investment and thus lower firm value on the externalities. The manager would thus like
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investors to believe that the marginal cost of the CSR investment is as low as possible.

When investors cannot perfectly observe the marginal cost, they use both signals to update

their beliefs on the marginal cost of the CSR investment. In particular, better news on

the actual externalities decreases investors’ beliefs about the marginal cost. The manager

thus has an incentive to over-invest in CSR activities so as to improve the signal on the

actual externalities. In equilibrium, the CSR investment policy must be independent of

the manager’s private information on the marginal cost to prevent the manager from over-

investing in CSR activities. In this equilibrium, the noisy signal on actual externalities does

not provide any information and the noisy signal on marginal cost provides value relevant

information.

When the signal on the marginal cost is perfect, investors no longer use the signal on

the actual externalities to update their beliefs on the marginal cost. Hence, the manager no

longer has an incentive to over-invest in CSR activities. In this case, the equilibrium CSR

investment policy depends on the manager’s private information regarding both the initial

externalities and the marginal cost. The investment policy can be the first-best investment

policy under complete information.

Our results imply that the CSR reporting affects manager’s CSR investment policy.

Disclosing both non-financial information on the externalities and financial information on

the marginal cost of the CSR investment cannot always discipline the manager to make

efficient CSR investment decision. Providing perfect financial information on marginal cost

is vital for achieving an efficient investment policy. For firm valuation, information on the

marginal cost of the CSR investment is more value relevant to investors than information on

the actual level of externalities. The intuition for this is that investors know their desired

level of actual externalities; they do not need additional information on this. What they do

need is information on the cost that the firm incurs to achieve this desired level of actual

externalities.
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The main contribution of this paper is threefold. First, our results add to the discussion on

the value relevance of financial and non-financial information. The equilibrium analyses show

that financial information on investment costs is more value relevant to socially responsible

investors than the non-financial information on externalities, suggesting that CSR reports

should focus more on disclosing the cost of the firm’s CSR activities. Second, we provide

theoretical insights on how CSR reporting affects the firm’s CSR investment policy. We

find that providing non-financial information on externalities together with perfect financial

information on marginal cost of CSR investment can induce the manager to consider his

private information in the investment policy and achieve the first-best investment level.

Third, our paper contributes to the discussions on CSR reporting and integrated reporting.

The results are consistent with the argument in the literature that integrated reporting with

financial information is more value relevant to investors than the CSR reporting with only

non-financial information. But we also suggest that integrated reporting does not necessarily

lead to more efficient CSR investment policy. The integrated reporting outperforms the CSR

reporting in improving investment efficiency only if it provides perfect information on the

marginal cost of the firm’s CSR activities.

The paper proceeds as follows. Section 3.2 introduces the related literature. Section

3.3 describes the model. Section 3.4 and section 3.5 performs the equilibrium analysis and

examines the main results. Section 3.6 discusses the model and section 3.7 concludes.

3.2 Related literature

Our study relates to several strands of literature. First, it relates to the research on socially

responsible investors. The preference of socially responsible investors on the non-financial

aspects is supported by the evidence in the literature, showing that the money flow of these

investors are less sensitive to firm’s financial performance than the traditional investors

58



(Bollen, 2007; Renneboog et al., 2006). This is because rather than only considering the

financial performance, socially responsible investors also base their investment strategy on

CSR criteria and would only invest in firms meeting high CSR standards (Renneboog et

al., 2008). The various investment strategies they adopt, such as social and environmental

screening, community investing, investor activism, could lead to the pricing effect of firms’

CSR activities. For instance, Hong and Kacperczyk (2009) show that ”sin” companies in-

volved in producing alcohol, tobacco and games receive less coverage from norm-constrained

investors and have higher expected stock returns. Theoretically, Heinkel et al. (2001) ex-

amine a setting where socially responsible investors screen out non-CSR firms from their

investment portfolios. This leads to reduced risk sharing for non-CSR firms, lower firm stock

prices, and higher cost of capital. Gollier and Pouget (2012) study the impact of socially

responsible investors on the firm’s adoption of pro-social behavior when investors can vote

for the company strategy or take over a non-CSR firm. These studies mainly focus on the

CSR investment decision rather than the value of the CSR report. Friedman and Heinle

(2015) studies the effect of CSR activities on firm’s asset prices when firms’ investors consist

of both traditional investors and socially responsible investors. The CSR performance is

an exogenous random variable in their model, whereas such performance is endogenously

determined by the manager in our setting.

Second, our paper provides insights to the literature on CSR reporting. Dhaliwal et al.

(2011) and Dhaliwal et al. (2012) suggest that firm’s initiation of voluntarily disclosing CSR

information to investors can increase its analyst coverage, improve analyst’s forecast accuracy

and reduce the firm’s cost of capital. Similar evidence is found for firms that voluntarily

issue environmental disclosures (Plumlee et al., 2015). Studies investigating the mandatory

CSR reporting regulation in several countries demonstrate that the disclosure regulation can

improve the disclosure quality by increasing the voluntary assurance on the report, voluntary

adoption of disclosure guidelines and thus enhanced disclosure comparability (Ioannou and
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Serafeim, 2016). Modeling a setting with Bayesian and heuristic investors, Bagnoli and

Watts (2014) prove that firms would purchase external assurance on the CSR report to

signal the firm type and such assurance is complementary with the monitoring from active

investors. Different from the above studies, this paper explicitly evaluate the value of different

information in the CSR report and aims to propose the type of information that adds more

value to socially responsible investors.

Finally, this study also relates to the literature on information asymmetry and investment

efficiency. Prior economics and finance literature have explored how information asymmetry

and stock market pressure can result in investment myopia (e.g., Holmström, 1999; Miller and

Rock, 1985; Stein, 1989). Several recent accounting studies extend the literature by analyz-

ing the role of accounting information in improving the investment efficiency. Kanodia et al.

(2005) investigate the economic consequences of the interaction between information asym-

metry on the investment profitability and noisy accounting information on the investment

level. The results suggest that noisy accounting information can help the firm to achieve

efficient investment level. Liang and Wen (2007) examine how output-based and input-based

accounting measures affect the investment efficiency. They find that input-based measure

may induce more efficient investment than output-based measure when measurement noise

is unavoidable. Our setting is different from prior studies along two aspects. First, these

papers consider one source of information asymmetry in the model: the ex-ante profitability

of the investment. Investors can perfectly anticipate the investment if they know the prof-

itability. In contrast, we introduce two sources of information asymmetries in our model:

one on the externalities and one on the cost of CSR investment, as CSR investment can have

independent influence on firm’s cash flows and its contribution to the externalities. Our

analyses focus on which dimension of the consequences is more important to disclose in the

CSR report. Secondly, prior studies consider the traditional setting where investors only

care about financial information, while we investigate a setting where investors care about
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both financial and non-financial factors.

3.3 The Model

We consider a single-period model with a risk-neutral manager and risk-neutral socially

responsible investors in a competitive capital market. Figure 1 summarizes the sequence of

events in our model.

Figure 3.1: Overview of the model

Socially responsible investors who care about the externalities derive utilities from the

externalities e generated by the firm. We model their preference on the externalities by the

following function:

Ve = e− β(e− e)2, e ≤ e.

The concave function implies that socially responsible investors derive decreasing marginal

utility from the externalities. e represents the maximum attainable level of externalities. Ex-

amples can be no breach of human rights, no water / air pollution from the firm and zero

carbon emission. If the firm’s contribution to the externalities is lower than this maximum

level, it would reduce the firm value perceived by socially responsible investors. The lower

the externalities e generated by the firm, the lower the value Ve priced by socially responsible

investors. Note that depending on the value of e, socially responsible investors may still price
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the firm with positive externalities value Ve even if the firm does not achieve the maximum

attainable level of externalities e. The assumption e ≤ e is not restrictive as in equilibrium

the firm would never invest to generate externalities e > e.8 β measures the extent to which

socially responsible investors care about the externalities.9 The higher the β, the more they

care about the externalities.

The externalities e produced by the firm consist of two parts. On the one hand, the firm’s

operational activities generate externalities θ̃, which is normally distributed with θ = E[θ],

t = V ar−1[θ].10 θ̃ represents the initial externalities and is private information of the man-

ager. On the other hand, the firm can improve their contributions to the externalities by

making the CSR investment k. Examples of the CSR investment includes implementing

excellent environmental practices, demonstrating respect for human rights, creating healthy

and safe working conditions for employees, offering nutritious and healthy products to cus-

tomers, and so on. We refer to the sum of externalities from these two aspects as the actual

externalities e, which equal e = θ̃ + k.

CSR investment k produces positive externalities to the society, but it also reduces the

firm’s cash flow x̃ generated from its operational activities at marginal cost c̃. The operating

cash flow x̃ follows a normal distribution with x = E[x] and h = V ar−1[x]. The marginal

8Changing Ve to a step wise function with Ve = e when e > e would not change our results. As CSR
investment is costly, given Ve = e, the firm is always better off by choosing the lowest externality level e = e
and will never invest to generate e > e.

9The manager may learn the value of β from the investment policy statement published by investors.
Socially responsible investors usually release information on how they account for CSR factors in their
investment decisions, such as the industries they would screen out of their portfolio because of CSR concerns,
or the firms selected into their portfolios because of good CSR performance. If the manager has imperfect
knowledge of β, he would determine the CSR investment based on his expectation of β in the current
one-period model. It would not affect the current implications from the model.

10With e ≤ e, we implicitly assume that θ ≤ e. We assume that θ and t are such that θ ≥ e occurs
with sufficiently small probabilities so that the case θ ≥ e has an insignificant effect on the manager’s
investment decision and investors’ valuation of the firm. Therefore, the constraint that θ̃ + k ≤ e is ignored
in calculating the conditional expectations. We use normal distributions for tractability reasons. In practice,
the assumption that θ ≤ e seems justified as most if not all companies generate externalities that fall short
of the level desired by socially responsible investors.
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cost c̃ of the CSR investment is normally distributed with c = E[c] and s = V ar−1[c].11 c̃ is

the private information of the manager. Therefore, taking account of the firm’s operational

activities and the firm’s contribution to the externalities, socially responsible investors would

value the firm with the function V (k) at date t = 3, with

V (k) = x̃− c̃ · k + e− β(θ̃ + k − e)2, θ̃ + k ≤ e.

Prior literature on disclosure and investment usually contains one source of information

asymmetry in the ex-ante profitability of the investment. Investors can perfectly anticipate

the investment if they know the profitability. However, CSR investment usually leads to two

independent dimensions of consequences: it imposes a cost to the firm and it contributes

to the externalities. Learning one dimension of the consequence does not indicate that in-

vestors also learn the other dimension.12 Therefore, we introduce two sources of information

asymmetries in our model: one on the initial externalities and one on the cost of the CSR

investment. Our analyses focus on which dimension of the consequences is more important

to disclose in the CSR report.

We assume that the firm cannot directly and credibly disclose the initial externality θ̃ and

the CSR investment k.13 What they can credibly disclose are the verifiable consequences of

the CSR investment k, namely the cost of the investment and the actual level of externalities.

11Again, we assume c and s to be such that c ≤ 0 occurs with sufficiently small probabilities.
12Clearly, this characteristic is not applicable to all types of CSR activities. For instance, observing the

firm’s donation to the community provides information on both the firm’s influences on the externalities and
the costs of CSR activities. Nonetheless, many CSR investments can lead to independent impacts on the
externalities and the firm’s costs. To name a few examples, it is hard to infer the costs of the CSR activities
from information on the environmental impact of the firm’s product, the firm’s practice to respect human
rights, or the firm’s improved working conditions. Our model only speaks to the CSR activities that have
independent consequences on the externalities and the firm’s financial performance.

13Direct disclosure of θ̃ or k lacks credibility because the firm has an incentive to always disclose a high
value of θ and a low value of k. It is hard for investors to ex-post verify the true value of θ and k. As the
firm usually directly integrates the CSR investment into their operational activities, a separate output θ is
less likely to exist for verification. Therefore, investors may verify the true value of the actual externalities
e produced by the firm, but it is difficult to disentangle the two components θ̃ and k from the actual
externalities e.
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Therefore, the manager can disclose two pieces of information related to the CSR investment

decision in the CSR report. One is a noisy signal on the actual externalities ỹ = e+ ε̃, with ε̃

normally distributed with mean zero and n = V ar−1[ε]; the other one is a noisy signal on the

marginal cost of CSR investment z̃ = c̃+ δ̃, with δ̃ normally distributed with mean zero and

m = V ar−1[δ].14 The noisy disclosures reflect the fact that CSR reporting guidelines mainly

direct firms to either disclose qualitative information related to their CSR activities or release

quantitative information on certain performance indicators. Both types of information can

be interpreted as noisy signals on firms’ contributions to the externalities.15 The CSR report

can contain one or both of the two signals. Define I as the information in the CSR report,

I ∈ {(y), (z), (y, z)}. Socially responsible investors price the firm at t = 2 based on the CSR

report as follows

P (I) = E[V (k)|I] = E[x̃− c̃ · k + e− β(θ̃ + k − e)2|I], e ≤ e. (3.1)

Thus, V (k) represents the firm value perceived by socially responsible investors at t = 3

when the cash flow and the externalities are realized, while P (I) represents the firm value

perceived by socially responsible investors at date t = 2 after learning the CSR report I.

The manager maximizes the expected stock price E[P (I)] from socially responsible in-

vestors by choosing the CSR investment level k after he privately observes the initial exter-

nalities θ̃ and the marginal cost of the CSR investment c̃.16

14To avoid technical complexity, we assume that the disclosure is about the marginal cost c̃ of the CSR
investment rather than the total cost c̃ · k of the CSR investment.

15See the GRI G4 guideline as an example. It is one of the most widely used CSR reporting guidelines at
the current stage. Available at: https://www.globalreporting.org/standards/g4/Pages/default.aspx.

16We implicitly assume that the manager only maximizes his financial return and does not care about the
externalities.
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3.4 CSR investment under complete information

Consider a benchmark setting where investors have full information; that is, both the initial

externalities θ̃ and the marginal cost c̃ are common knowledge and the CSR investment k is

publicly observable. The manager then invests to maximize the expected stock price

E(P ) = E[V (k)] = x− c · k + e− β(θ + k − e)2. (3.2)

The firm’s first-best CSR investment strategy k∗(θ, c) is

k∗(θ, c) = e− θ − 1

2β
c. (3.3)

The investment policy described in (3.3) indicates that k depends on both the initial

externalities θ and the marginal cost of CSR investment c. The manager invests up to

the point where the marginal cost c equals the marginal valuation benefits from socially

responsible investors. The higher the initial externalities θ, or the higher the marginal cost

c, the lower the CSR investment k. The more socially responsible investors care about the

externalities, that is, a larger β, the larger the CSR investment k made by the manager.

When c = 2β(e− θ), k = 0, the firm does not make CSR investment.17

Under the first-best case, the externalities e∗ produced by the firm equals

e∗ = θ + k∗(θ, c) = e− 1

2β
c. (3.4)

We define e∗ as the optimal externalities required by socially responsible investors. It

depends on the maximum attainable level of externalities e and the marginal cost c. Note

that because the CSR investment reduces the realized cash flow, it is sub-optimal for the

firm to achieve the maximum attainable level of externalities e. Moreover, to achieve e∗,

17Given that c follows a normal distribution, k∗ can also have negative values in our model. We assume
that the distribution of c is such that the likelihood of k∗ being negative is sufficiently small so that the
effect of negative CSR investment values is negligible.

65



the manager accounts for the value of θ in his CSR investment strategy k(θ, c), making

e∗ independent of the firm’s initial externalities θ. We argue that this is consistent with

practice where socially responsible investors demand the firm to achieve an optimal level of

externalities, irrespective of the firm’s initial externalities before any CSR investment.

The expected firm value under the first-best CSR investment level equals

E[V (k∗)] = x+ e− c (e− θ) +
1

4β
c2. (3.5)

Equation (3.5) implies that the firm with a higher initial externalities θ makes lower CSR

investment, leading to a higher realized cash flows. The marginal cost c affects the expected

firm value in two ways. First of all, the marginal cost determines the CSR investment level

and therefore the total costs of investment c · k. The total costs of investment is an inverted

U-shaped function of the marginal cost c. When c = 0, the firm makes the highest level of

CSR investment k = e−θ without any cost; when c = 2β(e−θ), the firm does not make any

CSR investment and thus incurs no cost as well. Secondly, the marginal cost determines the

CSR investment level and the corresponding valuation from externalities. Higher marginal

costs decrease the CSR investment and decrease the firm value related to externalities Ve.

The combination of these two forces cause the expected firm value to be a decreasing function

of the marginal cost c for c ∈ [0, 2β(e−θ)], with the highest expected firm value when c = 0

and the lowest expected firm value when c = 2β(e− θ).

3.5 CSR reporting and investment efficiency

Next, we investigate the CSR investment policy and the corresponding firm value when the

manager has private information on θ and c, and issues a CSR report to socially responsible

investors. In this case, socially responsible investors price the firm based on the information

I in the CSR report. As the manager chooses his CSR investment policy to maximize
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the expected firm value perceived by socially responsible investors, the investment policy is

determined by the information I in the CSR report. Given the structure of the first-best

investment policy in (3.3), our analyses focus on a linear equilibrium where k is a linear

function of the manager’s private information θ̃ and c̃.

Definition An equilibrium consists of a CSR investment strategy k(θ, c) that is linear in

θ and c and socially responsible investors’ pricing rule P (I) such that:

(i) Given the pricing rule P (I), the CSR investment strategy k(θ, c) is optimal for the

manager, that is, for each (θ, c),

k(θ, c) ∈ arg max E[P (I)];

(ii) The pricing rule P (I) of socially responsible investors is rational with respect to the

CSR investment strategy k(θ, c) of the manager.

3.5.1 Reporting actual externalities

Here, we examine a setting where the CSR report only includes the noisy signal y on the

actual externalities e.

The equilibrium firm value depends on the CSR investment and the manager makes the

investment based on his private information. As investors do not know the manager’s private

information, they make inferences from the noisy signal y. In equilibrium, the manager

determines the CSR investment policy taking account of the information investors can get

from signal y. An equilibrium is described in Proposition 3.1.

Proposition 3.1 Suppose the CSR report only discloses the noisy information y on the

actual externalities e made by the firm, there exist multiple linear equilibria where the CSR

investment equals k(θ) = α − θ and α can be any constant value. In the linear equilibrium
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that maximizes the expected selling price, the manager makes the CSR investment

k(θ) = e− θ − 1

2β
c, (3.6)

and the equilibrium price of the firm is

P (y) = x+ e− c
(
e− θ

)
+

1

4β
c2. (3.7)

The CSR investment policy in (3.6) implies that the investment only depends on the

manager’s private information on the initial externalities θ, but not on his private information

of the marginal cost of the CSR investment c. This is because investors price the firm only

based on y. To maximize the expected stock price, the manager then chooses k to achieve

the optimal value of y. As y = θ + k + ε, the manager’s optimal choice of k depends on θ

but not on c.

The equilibrium result in Proposition 3.1 indicates that y = e − 1
2β
c + ε; therefore, the

manager chooses the CSR investment level k so that investors do not get any information

on the initial externalities θ and the marginal cost c from the signal y. The firm price only

relies on investors’ prior expectations of θ and c. The CSR report is ignored in the valuation,

even though the report does discipline the manager to consider his private information θ in

his CSR investment decision.

Corollary 3.1 Suppose the CSR report only discloses y. In the linear equilibrium that

maximizes the expected firm value, k(θ) > k∗(θ, c) and e > e∗ when c > c; in contrast,

k(θ) < k∗(θ, c) and e < e∗ when c < c.

Corollary 3.1 establishes that the CSR report does affect the manager’s investment deci-

sion. When the report only discloses the actual externalities, the manager over-invests when
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c is higher than the expected value c. The resulting actual externalities e equal e − 1
2β
c,

which is also higher than the first-best level. Similarly, the manager under-invests in CSR

activities when c < c and the actual externalities are lower than the first-best level. In both

cases, the capital market is trapped in an inefficient equilibrium and the value losses from

the inefficient investment is born by the manager.

3.5.2 Reporting marginal cost

In this section, we discuss the investment policy when the CSR report only contains the

noisy information z on the marginal cost of the CSR investment. Investors price the firm

based on z, the value of which cannot be influenced by the manager’s investment policy. An

equilibrium is characterized in Proposition 3.2.

Proposition 3.2 Suppose the CSR report only discloses the noisy information z on the

marginal cost of the CSR investment, there exist multiple linear equilibria where the CSR

investment equals k(c) = α − ω · c and α and ω can be any constant value. In a linear

equilibrium that maximizes the expected stock price, the manager makes the CSR investment

k(c) = e− θ − 1

2β
c, (3.8)

and the equilibrium price of the firm is

P (z) = x+ e− sc+mz

s+m
(e− θ) +

1

4β

s+m+ (sc+mz)2

(s+m)2
. (3.9)

In this case, the CSR investment only depends on the manager’s private information c,

but not on θ. This is because investors do not receive any information on θ and they value

the firm only based on the noisy information z on the marginal cost. The report alters the

expected firm value by changing investors beliefs of c. Investors value the firm based on their

prior expectations of θ and c, and the signal z.

69



Corollary 3.2 Suppose the CSR report only discloses z. In a linear equilibrium that

maximizes the expected firm value, k(c) > k∗(θ, c) and e > e∗ when θ > θ; in contrast,

k(c) < k∗(θ, c) and e < e∗ when θ < θ.

Corollary 3.2 states that when the report only discloses information on the marginal

cost, the manager over-invests when θ is higher than the expected value θ. The resulting

actual externalities e equal e = θ + e − θ − 1
2β
c, and are also higher than the first-best

level. Similarly, the manager under-invests in CSR activities when θ < θ and the actual

externalities are lower than the first-best level. In both cases, the capital market is also

trapped in an inefficient equilibrium and the value losses from the inefficient investment is

born by the manager.

3.5.3 Reporting actual externalities and marginal cost

In this section, we discuss the investment policy when the CSR report contains both in-

formation on actual externalities and information on the marginal cost of CSR investment.

Investors price the firm based on both y and z. The manager can choose the investment

policy to influence the value of y, but not the value of z. An equilibrium is characterized in

Proposition 3.3.

Proposition 3.3 Suppose the CSR report discloses both the noisy information y on the

actual externalities and the noisy information z on the marginal cost of CSR investment,

then in equilibrium, the manager makes the CSR investment

k(θ) = α− θ, (3.10)

where α can be any constant value. The equilibrium price of the firm is

P (y, z) = x+ e− sc+mz

s+m
(α− θ)− β(α− e)2. (3.11)
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When the CSR report provides noisy information on both the actual externalities and the

marginal cost, manager’s investment decision only takes account of the initial externalities

θ. The manager chooses the investment level such that signal y does not provide information

on either the initial externalities or the marginal cost, as y = θ+k+ε = α+ε is independent

of θ and c. Investors price the firm based on the prior expectation of θ and the updated

beliefs of c based on the signal z.

Different from the setting where the CSR report only discloses z, disclosing a noisy signal

on marginal cost, together with a noisy signal on the actual externalities, does not discipline

the manager to account for the private information on marginal cost in the CSR investment

decision. When CSR report only includes the noisy signal on the marginal cost, the manager

cannot influence investors’ beliefs of c. However, when the report includes both y and z,

the manager can influence investors’ beliefs of c by influencing the value of y. Recall that

from the first-best analysis, for positive CSR investment level k, the expected firm value is a

decreasing function of c. It indicates that the manager would like investors to believe c to be

as low as possible. Investors don’t know c; they use signals y and z to update their beliefs

about c. Specifically, a higher value of y implies a lower value of c. Thus, the manager has

an incentive to over-invest in CSR activities to increase k and the value of y. To prevent the

manager from over-investing in CSR activities, in equilibrium, the CSR investment policy

must be independent of the manager’s private information on the marginal cost. This leads

to the inefficient investment policy that k is independent of c.

The above analysis indicates that if the CSR report provides perfect information on c,

the manager would not have the chance to mislead investors’ beliefs on c by over-investing to

get a higher value of y. Therefore, the capital market can coordinate to reach an equilibrium

with a more efficient CSR investment policy. An equilibrium is characterized in Proposition

3.4.
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Proposition 3.4 Suppose the CSR report discloses both the noisy information y on the

actual externalities and the perfect information on the marginal cost of CSR investment,

there exist multiple linear equilibria where the CSR investment equals k(θ, c) = α− θ−ω · c,

where α and ω can be any constant value. In the linear equilibrium that maximizes the

expected selling price, the manager makes the CSR investment

k(θ, c) = e− θ − 1

2β
c, (3.12)

and the equilibrium price of the firm is

P (y, c) = x+ e− c(e− θ) +
1

4β
c2. (3.13)

The investment policy in (3.12) is the same as the first-best investment policy in (3.3).

The manager considers his private information regarding both θ and c. The signal y does

not provide information on θ, therefore, investors value the firm based on the prior beliefs

of θ.

The above results demonstrate that when the CSR report includes a noisy signal on

the actual externalities produced by the firm, simply requiring the firm to provide extra

noisy information on the marginal cost of the investment would not improve the CSR in-

vestment efficiency. Only the CSR reporting with a perfect disclosure on the marginal cost

can drive the firm to achieve the first-best investment policy. This implication is consistent

with the anecdotal evidence in practice that the GRIG4 guideline, one of the most widely

adopted guideline in CSR reporting, is pushing firms to disclosure expenditures related to

their environmental activities.
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3.6 Discussion

For tractability reason, the current model only considers socially responsible investors. This

is because in a risk neutral setting with both traditional investors and socially responsible

investors in the market, different preferences of investors imply that they would price the

firm differently, making it difficult to derive an equilibrium price. Intuitively, we expect

similar implications in a setting with a combination of traditional investors and socially

responsible investors. In this case, only a fraction of investors value the firm’s contribution

to the externalities, but the stock price would still reflect the value of the cash flow and the

value of the externalities generated by the firm. Hence, existing predictions from the model

are expected to hold in this setting.

The model considers mandatory CSR reporting policy and therefore, features with the

full disclosure region. This is consistent with the mandatory CSR reporting requirement in

a few countries, such as Australia, China, Denmark, France, Malaysia and South Africa.

Extending the current model to a voluntary disclosure setting, without any disclosure cost,

we expect that the unraveling argument would apply and all firms would voluntarily disclose

their information. This seems to be consistent with the recent trend that most large firms

have started issuing the CSR report. Similarly, when the manager can voluntarily choose

among different CSR reporting policies, the unraveling argument suggests that the manager

would disclose both the signal on the actual externalities and the signal on the marginal

cost of the CSR investment in the report. However, given the limited disclosure on the cost

information in practice, adding in other institutional features of the CSR reporting might

be necessary to explain the firm’s voluntary CSR disclosure strategy.

Another CSR reporting policy is the non-disclosure setting, where no information is

disclosed to investors. In this case, socially responsible investors would value the firm based

on their prior beliefs, with θ̃ equals θ and c̃ equals c. This will drive the manager to ignore
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his private information on both θ̃ and c̃, and to choose the CSR investment based on the

mean values θ and c.

3.7 Conclusion

This paper examines the manager’s corporate social responsibility (CSR) investment decision

and the value relevance of the CSR report in a capital market with socially responsible

investors, who care about the financial return and the externalities generated by the firm.

We investigate three CSR disclosure policies where the CSR report includes one or both of

two pieces of information: the actual externalities generated by the firm and the marginal

cost of the CSR investment. The results suggest that the CSR report can affect manager’s

CSR investment strategies. When the report only includes a noisy signal on the actual

externalities, it disciplines the manager to account for his private information on the initial

externalities, whereas when the report only discloses a noisy signal on the marginal cost of

investment, it drives the manager to account for his private information on the marginal

cost. When the CSR report contains both noisy signals, however, it does not improve the

investment efficiency as the manager only accounts for his private information on the initial

externalities but not the marginal cost. The investment efficiency can be improved if the

report contains noisy information on the actual externalities and perfect information on the

marginal cost of the CSR investment. Under such reporting policy, the CSR investment can

be the same as the first-best investment level. For firm valuation, we find that information

on the marginal cost of the CSR investment is more value relevant to socially responsible

investors than the information on the actual externalities.

This paper is subject to several limitations. First, the model considers the mandatory

CSR reporting policy rather than the voluntary reporting policy. Extending the model to

a voluntary disclosure setting might be an interesting avenue to explore why firms barely
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offer the cost information related to their CSR activities. Second, multiple equilibria exist

in the results, raising the question of how investors and the firm can coordinate to reach

the equilibrium that maximizes the expected stock price. Further works on the equilibrium

refinements can provide more insights on the firm’s CSR investment strategies.
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3.8 Appendix

Proof of Proposition 3.1

Given that the first-best investment schedule k∗ in (3.3) is linear in θ and c, we investigate a

linear equilibrium where k is a linear function of θ and c. Denote the investors’ conjectured

investment schedule as

k̂ = α̂− γ̂ · θ − ω̂ · c. (3.14)

Investors use the noisy signal y to update their beliefs on θ and c. Given investors’ conjecture,

the noisy signal y on the actual externalities e is equivalent to

y = e+ ε = θ + k̂ + ε = α̂ + (1− γ̂) · θ − ω̂ · c+ ε. (3.15)

Given that θ ∼ N(θ, 1
t
), c ∼ N(c, 1

s
), ε ∼ N(0, 1

n
), the joint conditional distribution of θ and

c given any value of y is [ θc |y] ∼ N(µ,Σ), with

µ =

 E(θ|y)

E(c|y)

 =

 tθ(s+nω̂2)+n(1−γ̂)s(y−α̂+ω̂c)
ts+tnω̂2+sn(1−γ̂)2

sc[n(1−γ̂)2+t]−nω̂t(y−α̂−(1−γ̂)θ)
ts+tnω̂2+sn(1−γ̂)2

 ,

Σ =

 V ar(θ|y) Cov(θ, c|y)

Cov(c, θ|y) V ar(c|y)

 =

 nω̂2+s
ts+tnω̂2+sn(1−γ̂)2

nω̂(1−γ̂)
ts+tnω̂2+sn(1−γ̂)2

nω̂(1−γ̂)
ts+tnω̂2+sn(1−γ̂)2

n(1−γ̂)2+t
ts+tnω̂2+sn(1−γ̂)2

 .
Inserting investors’ conjecture (3.14) into (3.1), the selling price given signal y is equiva-

lent to

P (y) = x+ e− β(α̂− e)2 − 2β(α̂− e)(1− γ̂)E(θ|y) + [2βω̂(α̂− e)− α̂]E(c|y)

−β(1− γ̂)2E(θ2|y) + (ω̂ − βω̂2)E(c2|y) + [γ̂ + 2βω̂(1− γ̂)]E(θ · c|y). (3.16)

The manager chooses α, γ and ω of the investment policy k = α−γ ·θ−ω ·c to maximize
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the expected selling price Ey[P (y)] before disclosing the signal y, therefore, in equilibrium,

we have ∂Ey [P (y)]

∂α
= 0, ∂Ey [P (y)]

∂γ
= 0, and ∂Ey [P (y)]

∂ω
= 0, where

Ey[P (y)] = x+ e− β(α̂− e)2 − 2β(α̂− e)(1− γ̂)Ey[E(θ|y)]− β(1− γ̂)2Ey[E(θ2|y)]

+[2βω̂(α̂− e)− α̂]Ey[E(c|y)] + (ω̂ − βω̂2)Ey[E(c2|y)]

+[γ̂ + 2βω̂(1− γ̂)]Ey[E(θ · c|y)]. (3.17)

Based on the joint conditional distribution of θ and c, we get

Ey[E(θ|y)] = tθ(s+nω̂2)+n(1−γ̂)s(θ+k−α̂+ω̂c)
ts+tnω̂2+sn(1−γ̂)2

(3.18)

Ey[E(θ2|y)] = Ey[V ar(θ|y) + [E(θ|y)]2] (3.19)

Ey[E(c|y)] = sc[n(1−γ̂)2+t]−nω̂t(θ+k−α̂−(1−γ̂)θ)
ts+tnω̂2+sn(1−γ̂)2

(3.20)

Ey[E(c2|y)] = Ey[V ar(c|y) + [E(c|y)]2] (3.21)

Ey[E(θ · c|y)] = Ey[Cov(θ, c|y) + E(θ|y)E(c|y)]. (3.22)

Note that α, γ and ω only determine k in (3.17), as k = α− γ · θ−ω · c. Therefore, when

∂Ey [P (y)]

∂α
= ∂Ey [P (y)]

∂k
= 0 holds, ∂Ey [P (y)]

∂γ
= −θ ∂Ey [P (y)]

∂k
= 0 and ∂Ey [P (y)]

∂ω
= −c∂Ey [P (y)]

∂k
= 0

always hold. It implies that the three first order conditions are equivalent to each other.

Therefore, in the following analysis, we only consider the first order condition with respect

to α.

Substituting (3.19) - (3.22) into (3.17) and taking partial derivative with respect to α,

77



we get

∂Ey [P (y)]

∂α
= −2β(α̂− e)(1− γ̂) n(1−γ̂)s

ts+tnω̂2+sn(1−γ̂)2
+ [2βω̂(α̂− e)− α̂] −nω̂t

ts+tnω̂2+sn(1−γ̂)2

−β(1− γ̂)2 2n(1−γ̂)s[tθ(s+nω̂2)+n(1−γ̂)s(ω̂c−α̂)]+2n2(1−γ̂)2(θ+k)
[ts+tnω̂2+sn(1−γ̂)2]2

+(ω̂ − βω̂2)2[sc(n(1−γ̂)2+t)+nω̂t(α̂+(1−γ̂)θ)](−nω̂t)+2(−nω̂t)2(θ+k)
[ts+tnω̂2+sn(1−γ̂)2]2

+[γ̂ + 2βω̂(1− γ̂)]−2n2(1−γ̂)sω̂t(θ+k)−nω̂t[tθ(s+nω̂2)+n(1−γ̂)s(ω̂c−α̂)]
[ts+tnω̂2+sn(1−γ̂)2]2

+[γ̂ + 2βω̂(1− γ̂)]n(1−γ̂)s[sc(n(1−γ̂)2+t)+nω̂t(α̂+(1−γ̂)θ)]
[ts+tnω̂2+sn(1−γ̂)2]2

= 0. (3.23)

Based on (3.23), we can observe that E(y) = θ + k equals a constant value that are

determined by investors’ conjectures α̂, γ̂ and ω̂, and exogenous parameters. E(y) does

not depend on θ or c. This indicates that, in equilibrium, γ = 1 and ω = 0 so that

E(y) = θ + k = θ + α − θ − 0 · c = α. Moreover, in equilibrium, investors’ conjectures

are consistent with the manager’s choices, therefore, we have γ = γ̂ = 1 and ω = ω̂ = 0.

Substituting γ = γ̂ = 1 and ω = ω̂ = 0 into (3.17), the expected selling price is simplified to

Ey[P (y)] = x+ e− β(α̂− e)2 − α̂c+ θc. (3.24)

Note that the expected selling price in (3.24) is independent of the manager’s choice α, but

only depends on investors’ conjectured α̂. Therefore, we have multiple linear equilibria where

α = α̂ and α̂ can be any constant value.

To get the equilibrium that maximizes Ey[P (y)], taking partial derivative with respect

to α̂, we get α̂ = e− 1
2β
c.

In a summary, when the CSR report only discloses signal y, the linear equilibrium that

maximizes the expected selling price includes the investment strategy k(θ) = e−θ− 1
2β
c and

the equilibrium firm price P = x+ e− c
(
e− θ

)
+ 1

4β
c2.

Proof of Proposition 3.2
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Given the investors’ conjectured investment policy (3.14), the selling price given the noisy

signal z is

P (z) = x+ e− β(α̂− e)2 − 2β(α̂− e)(1− γ̂)E(θ|z) + [2βω̂(α̂− e)− α̂]E(c|z)

−β(1− γ̂)2E(θ2|z) + (ω̂ − βω̂2)E(c2|z) + [γ̂ + 2βω̂(1− γ̂)]E(θ · c|z). (3.25)

As z does not provide information on θ, we have E(θ|z) = θ, E(θ2|z) = θ
2
, and E(θ · c|z) =

θE(c|z).

The manager chooses α, γ and ω to maximizes the expected selling price Ez[P (z)], which

equals

Ez[P (z)] = x+ e− β(α̂− e)2 − 2β(α̂− e)(1− γ̂)θ − β(1− γ̂)2θ
2

+ (ω̂ − βω̂2)Ez[E(c2|z)]

+[2βω̂(α̂− e)− α̂]Ez[E(c|z)] + [γ̂ + 2βω̂(1− γ̂)]θEz[E(c|z)]. (3.26)

As the manager cannot influence signal z, he cannot influence the value of Ez[E(c|z)] and

Ez[E(c2|z)]. It means that given investors’ conjectures, the manager’s choice on α, γ and

ω cannot change the expected selling price Ez[P (z)]. Therefore, there exist multiple linear

equilibria where α = α̂, γ = γ̂, ω = ω̂, and α̂, γ̂ and ω̂ can be any constant value.

To find the equilibrium that maximizes Ez[P (z)], taking partial derivatives with respect

to α̂, γ̂ and ω̂, we get

∂Ez [P (z)]
∂α̂

= −2β(α̂− e) + (2βω̂ − 1)Ez[E(c|z)]− 2β(1− γ̂)θ = 0 (3.27)

∂Ez [P (z)]
∂γ̂

= (θ − 2βω̂θ)Ez[E(c|z)] + 2β(α̂− e)θ + 2β(1− γ̂)θ
2

= 0 (3.28)

∂Ez [P (z)]
∂ω̂

= [2β(α̂− e) + 2β(1− γ̂)θ]Ez[E(c|z)] + (1− 2βω̂)Ez[E(c2|z)] = 0 (3.29)
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Solving the above equations yields

α̂ = e− (1− γ̂)θ (3.30)

ω̂ = 1
2β
. (3.31)

Based on (3.30), we can have one equilibrium where γ = 0, α = e − θ. Under this equilib-

rium, the CSR investment equals k(c) = e − θ − 1
2β
c; and the equilibrium price of the firm

is P (z) = x+ e− sc+mz
s+m

(e− θ) + 1
4β

s+m+(sc+mz)2

(s+m)2
.

Proof of Proposition 3.3

Given investors’ conjectured investment policy in (3.14), the selling price given signals y and

z is equivalent to

P (y, z) = x+ e− β(α̂− e)2 − 2β(α̂− e)(1− γ̂)E(θ|y, z) + [2βω̂(α̂− e)− α̂]E(c|y, z)

−β(1− γ̂)2E(θ2|y, z) + (ω̂ − βω̂2)E(c2|y, z) + [γ̂ + 2βω̂(1− γ̂)]E(θ · c|y, z).

Given that θ ∼ N(θ, 1
t
), c ∼ N(c, 1

s
), ε ∼ N(0, 1

n
), and δ ∼ N(0, 1

m
), the joint conditional

distribution of θ and c given any value of signals y and z is [ θc |y, z] ∼ N(µ′,Σ′), with

µ′ =

 E(θ|y, z)

E(c|y, z)

 =

 tθ(s+m+nω̂2)+n(1−γ̂)s(y−α̂+ω̂c)+n(1−γ̂)m(y−α̂+ω̂z)
ts+tm+tnω̂2+sn(1−γ̂)2+mn(1−γ̂)2

(sc+zm)[n(1−γ̂)2+t]−nω̂t(y−α̂−(1−γ̂)θ)
(s+m)(n(1−γ̂)2+t)+nω̂2t

 ,

Σ′ =

 V ar(θ|y, z) Cov(θ, c|y, z)

Cov(c, θ|y, z) V ar(c|y, z)

 =

 nω̂2+s+m
t(s+nω̂2+m)+n(1−γ̂)2(s+m)

nω̂(1−γ̂)
(s+m)(n(1−γ̂)2+t)+nω̂2t

nω̂(1−γ̂)
(s+m)(n(1−γ̂)2+t)+nω̂2t

n(1−γ̂)2+t
(s+m)(n(1−γ̂)2+t)+nω̂2t

 .
The manager chooses α, γ and ω of the CSR investment policy k = α − γ · θ − ω ·

c to maximize expected selling price Eyz[P (y, z)] before disclosing y and z, therefore, in
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equilibrium we have ∂Eyz [P (y,z)]

∂α
= 0, ∂Eyz [P (y,z)]

∂γ
= 0, and ∂Eyz [P (y,z)]

∂ω
= 0, where

Eyz[P (y, z)] = x+ e− β(α̂− e)2 − 2β(α̂− e)(1− γ̂)Eyz[E(θ|y, z)]− β(1− γ̂)2Eyz[E(θ2|y, z)]

+[2βω̂(α̂− e)− α̂]Eyz[E(c|y, z)] + (ω̂ − βω̂2)Eyz[E(c2|y, z)]

+[γ̂ + 2βω̂(1− γ̂)]Eyz[E(θ · c|y, z)]. (3.32)

Based on the joint conditional distribution of θ and c, we have

Eyz[E(θ|y, z)] = tθ(s+m+nω̂2)+n(1−γ̂)[s(θ+k−α̂+ω̂c)+m(θ+k−α̂+ω̂c)]
ts+tm+tnω̂2+sn(1−γ̂)2+mn(1−γ̂)2

(3.33)

Eyz[E(θ2|y, z)] = Eyz[V ar(θ|y, z) + [E(θ|y, z)]2] (3.34)

Eyz[E(c|y, z)] = (sc+mc)[n(1−γ̂)2+t]−nω̂t(θ+k−α̂−(1−γ̂)θ)
(s+m)(n(1−γ̂)2+t)+nω̂2t

(3.35)

Eyz[E(c2|y, z)] = Eyz[V ar(c|y, z) + [E(c|y, z)]2] (3.36)

Eyz[E(θ · c|y, z)] = Eyz[Cov(c, θ|y, z) + E(θ|y, z)E(c|y, z)]. (3.37)

Note that α, γ and ω only determine k in (3.32), therefore, when ∂Eyz [P (y,z)]

∂α
= ∂Eyz [P (y,z)]

∂k
=

0 holds, ∂Eyz [P (y,z)]

∂γ
= −θ ∂Eyz [P (y,z)]

∂k
= 0 and ∂Eyz [P (y,z)]

∂ω
= −c∂Eyz [P (y,z)]

∂k
= 0 always hold. It

implies that the three first order conditions are equivalent to each other. Hence, in the

following analysis, we only consider the first order condition with respect to α.

Substituting (3.33) - (3.37) into (3.32) and taking partial derivative with respect to α,
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we get

∂Eyz [P (y,z)]

∂α
= −2β(α̂− e)(1− γ̂) n(1−γ̂)(s+m)

ts+tm+tnω̂2+sn(1−γ̂)2+mn(1−γ̂)2
+ [2βω̂(α̂− e)− α̂] −nω̂t

(s+m)(n(1−γ̂)2+t)+nω̂2t

−β(1− γ̂)2 2n2(1−γ̂)2s2(θ+k)+2n2(1−γ̂)2m[(m+2s)(θ+k)+(s+m)ω̂c]
[ts+tm+tnω̂2+sn(1−γ̂)2+mn(1−γ̂)2]2

−β(1− γ̂)2 sn(1−γ̂)(s+m)[tθ(s+m+nω̂2)+n(1−γ̂)(sω̂c−sα̂−mα̂)]
[ts+tm+tnω̂2+sn(1−γ̂)2+mn(1−γ̂)2]2

+(ω̂ − βω̂2)
[

2n2ω̂2t2(θ+k)−2[n(1−γ̂)2+t]nω̂tmc
[(s+m)(n(1−γ̂)2+t)+nω̂2t]2

+ −2nω̂t[(n(1−γ̂)2+t)sc+nω̂t(α̂+(1−γ̂)θ)]
[(s+m)(n(1−γ̂)2+t)+nω̂2t]2

]
+[γ̂ + 2βω̂(1− γ̂)]

[
−2n2ω̂t(1−γ̂)(s+m)(θ+k)

[ts+tm+tnω̂2+sn(1−γ̂)2+mn(1−γ̂)2]2
+ mn(1−γ̂)[(n(1−γ̂)2+t)(s+m)−nω̂2t]c

[ts+tm+tnω̂2+sn(1−γ̂)2+mn(1−γ̂)2]2

]
+[γ̂ + 2βω̂(1− γ̂)] [(n(1−γ̂)2+t)sc+nω̂t(α̂+(1−γ̂)θ)]n(1−γ̂)(s+m)

[ts+tm+tnω̂2+sn(1−γ̂)2+mn(1−γ̂)2]2

+[γ̂ + 2βω̂(1− γ̂)]−nω̂t[tθ(s+m+nω̂2)+n(1−γ̂)(sω̂c−sα̂−mα̂)]
[ts+tm+tnω̂2+sn(1−γ̂)2+mn(1−γ̂)2]2

= 0. (3.38)

We can observe from (3.38) that E(y) = θ + k is determined by c and a constant value

that depends on investors’ conjectures and exogenous parameters. Hence, E(y) does not

depends on θ. This indicates that γ = 1 holds in equilibrium so that E(y) = θ + k =

θ+α− θ−ωc = α−ωc. Moreover, in equilibrium, investors’ conjectures are consistent with

the manager’s choice, therefore, we have γ = γ̂ = 1.

Substituting γ = γ̂ = 1 into (3.38) yields

∂Eyz [P (y,z)]

∂α
= [2βω̂(α̂− e)− α̂] −nω̂

s+m+nω̂2 + −nω̂θ
s+m+nω̂2 + (ω̂ − βω̂2)2n2ω̂2(θ+k)−2nω̂(mc+sc+nω̂α̂)

[s+m+nω̂2]2
= 0.(3.39)

Note that when ω̂ = 0, (3.39) always holds. Therefore, we can have one equilibrium

where ω̂ = 0. When ω̂ 6= 0, rewriting gives

θ + k = α− ωc = m
nω̂
c+ sc+nω̂α̂

nω̂
− 2βω̂(α̂−e)−α̂+θ

2(ω̂−βω̂2)nω̂
(s+m+ nω̂2). (3.40)

In equilibrium, the manager’s choice of the investment policy should be consistent with
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investors’ conjectures, indicating that

α = α̂ = sc+nω̂α̂
nω̂

− 2βω̂(α̂−e)−α̂+θ
2(ω̂−βω̂2)nω̂

(s+m+ nω̂2) (3.41)

ω = ω̂ = − m
nω̂
. (3.42)

There is no solution to equation (3.42), implying that there is no linear equilibrium unless

ω = ω̂ = 0. When γ = γ̂ = 1 and ω = ω̂ = 0, the investment policy simplifies to k = α − θ

and the signal y = θ + k + ε = α + ε is independent of θ and c. Therefore, only signal z

provides information to investors.

Substituting γ = γ̂ = 1 and ω = ω̂ = 0 into (3.32), the expected selling price simplifies

to

Eyz[P (y, z)] = x+ e− β(α̂− e)2 − (α̂− θ)Ez[E(c|z)]. (3.43)

As the manager cannot influence the value of Ez[E(c|z)], the expected selling price in

(3.43) only depends on investors’ conjectured value α̂, but not on the manager’s investment

choice α. Therefore, there exist multiple linear equilibria where α̂ = α and α̂ can be any

constant value.

To summarize, the equilibrium investment strategy when the CSR report discloses two

noisy signals y and z is k(θ) = α − θ, where α can be any constant. The equilibrium price

of the firm is P = x+ e− sc+mz
s+m

(α− θ)− β(α− e)2.

Proof of Proposition 3.4

Given investors’ conjectured investment policy in (3.14), the expected selling price when

investors receive signals y = θ + k + ε and z′ = c is

P (y, z′) = x+ e− β(α̂− e)2 − 2β(α̂− e)(1− γ̂)E(θ|y, z′)− β(1− γ̂)2E(θ2|y, z′)

+[2βω̂(α̂− e)− α̂]c+ (ω̂ − βω̂2)c2 + [γ̂ + 2βω̂(1− γ̂)]E(θ|y, z′)c. (3.44)
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The manager chooses α, γ and ω of the investment policy k = α−γ ·θ−ω ·c to maximize

the expected selling price Eyz′ [P (y, z′)] before disclosing y and z′, hence, in equilibrium, we

have
∂Eyz′ [P (y,z′)]

∂α
= 0,

∂Eyz′ [P (y,z′)]

∂γ
= 0, and

∂Eyz′ [P (y,z′)]

∂ω
= 0, where

Eyz′ [P (y, z′)] = x+ e− β(α̂− e)2 − 2β(α̂− e)(1− γ̂)Eyz′ [E(θ|y, z′)]− β(1− γ̂)2Eyz′ [E(θ2|y, z′)]

+[2βω̂(α̂− e)− α̂]c+ (ω̂ − βω̂2)c2 + [γ̂ + 2βω̂(1− γ̂)]Eyz′ [E(θ|y, z′)]c, (3.45)

and

Eyz′ [E(θ|y, z′)] = tθ+n(1−γ̂)(θ+k−α̂+ω̂c)
t+n(1−γ̂)2

(3.46)

Eyz′ [E(θ2|y, z′)] = Eyz′ [V ar(θ|y, z′) + [E(θ|y, z′)]2]. (3.47)

Note that α, γ and ω only determine k in (3.45), therefore, when
∂Eyz′ [P (y,z′)]

∂α
=

∂Eyz′ [P (y,z′)]

∂k
=

0 holds,
∂Eyz′ [P (y,z′)]

∂γ
= −θ ∂Eyz′ [P (y,z′)]

∂k
= 0 and

∂Eyz′ [P (y,z′)]

∂ω
= −c∂Eyz′ [P (y,z′)]

∂k
= 0 always hold.

It implies that the three first order conditions are equivalent to each other. Thus, in the

following analysis, we only consider the first order condition with respect to α.

Substituting (3.46) and (3.47) into (3.45) and taking partial derivative with respect to

α, we get

∂Eyz′ [P (y,z′)]

∂α
= [(γ̂ + 2βω̂(1− γ̂))c− 2β(α̂− e)(1− γ̂)] n(1−γ̂)

t+n(1−γ̂)2

−β(1− γ̂)2 2n(1−γ̂)(tθ−n(1−γ̂)α̂)+2n2(1−γ̂)2(θ+k+ω̂c)
[t+n(1−γ̂)2]2

= 0. (3.48)

We can observe from (3.48) that E(y) = θ+k only depends on c and a constant value that

are determined by investors’ conjectures and exogenous parameters, but not depends on θ.

This indicates that γ = 1 holds in equilibrium so that E(y) = θ+k = θ+α−θ−ωc = α−ωc.

Moreover, in equilibrium, investors’ conjectures are consistent with the manager’s choice,

therefore, we have γ = γ̂ = 1.

84



Substituting γ = γ̂ = 1 into (3.45), rewriting yields

Eyz′ [P (y, z′)] = x+ e− β(α̂− e)2 + [2βω̂(α̂− e)− α̂]c+ (ω̂ − βω̂2)c2 + θc. (3.49)

We can observe from (3.49) that the expected selling price only depends on investors’

conjectured value α̂ and ω̂, but not on the manager’s investment choices α and ω. Therefore,

there exist multiple linear equilibria where α̂ = α, ω̂ = ω, and α̂ and ω̂ can be any constant

value.

To find the linear equilibrium that maximizes the expected selling price Eyz′ [P (y, z′)],

taking partial derivatives with respect to α̂ and ω̂, we get

∂Eyz′ [P (y,z′)]

∂α̂
= −2β(α̂− e) + (2βω̂ − 1)c = 0 (3.50)

∂Eyz′ [P (y,z′)]

∂ω̂
= 2β(α̂− e)c+ (1− 2βω̂)c2 = 0. (3.51)

Based on the above equations, we only have one linear equilibrium where ω = 1
2β

, α = e.

Under this equilibrium, the CSR investment equals k(θ, c) = e−θ− 1
2β
c; and the equilibrium

price of the firm is P = x+ e− c(e− θ) + 1
4β
c2.
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Chapter 4

Disclosure and cost of capital: The benefits of

unbundling information1

1This chapter is co-authored with Jeroen Suijs.
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4.1 Introduction

Many studies in the accounting literature have investigated the relation between disclosure

and cost of capital. These studies mainly focus on how disclosure quality affects investors’

use of information, which then influences the firm’s cost of capital (Bloomfield and Fischer,

2011; Christensen and Qin, 2013; Christensen et al., 2010; Diamond and Verrecchia, 1991;

Gao, 2010; Lambert et al., 2012). This paper analyzes another dimension of the disclosure

decision. Keeping the total amount of disclosed information fixed, it shows that the cost

of capital is affected by whether multiple pieces of information are disclosed simultaneously

(i.e., information is bundled) or not (i.e., information is unbundled).

It seems to be common practice in capital markets to bundle multiple pieces of infor-

mation and disclose them simultaneously to investors. For instance, firms issuing financial

statements semi-annually release two quarterly earnings together; companies sometimes re-

lease management earnings forecasts concurrently with earnings announcements (Barron et

al., 2010; Rogers and Van Buskirk, 2013); also the trend towards integrated reporting bun-

dles information on financial performance and corporate social responsibility in one report.

Despite this conventional practice, the literature, however, barely offers any implication on

the valuation impact of such disclosure practice.

This paper extends the disclosure literature by considering how unbundled disclosure

affects the firm’s stock price. We define unbundled disclosure as separating multiple pieces

of information and disclosing each piece of information at a different point in time. Such

unbundled disclosure differs from disaggregated disclosure by introducing the time dimension

into the disclosure decision. Take the semi-annual reporting as an example: disclosing two

quarterly earnings separately in the semi-annual report is disaggregated disclosure, but not

unbundled disclosure, as the two quarterly earnings are disclosed simultaneously to the

market. It only qualifies as unbundled disclosure if the two quarterly earnings are separately
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and sequentially issued to investors, e.g., at the end of each quarter.

Unbundled disclosure can bring in valuation benefits to the firm by allowing investors

to allocate only parts of the firm’s investment risk at a time. Securities traded in capi-

tal markets entitle investors the right to collect the investment returns from the whole firm,

thereby imposing the investment risk of the whole firm on investors. Investors, however, may

sometimes only be interested in specific parts of the firm’s investment risk. For instance,

investors maybe more confident in investing in firm’s operations relating to their own spe-

cialized industry, their local segments, or those investment projects that they are familiar

with. When this is the case, the efficient risk allocation differs among different components

of the firm. We show that such a firm can improve risk sharing among investors and reduce

the firm’s cost of capital by unbundling disclosure.

The paper employs a two-period noisy rational expectations equilibrium model with

investors that care about the liquidating cash flow of the firm. The liquidating cash flow

consists of two components and investors’ efficient risk allocation is different between the

two components. In our model, we use private information to obtain these different efficient

risk allocations: investors have private information about one component of the cash flow

but no private information about the other component. We analyze two disclosure settings,

namely, the ”unbundled” and ”bundled” disclosures. In the unbundled disclosure setting,

the firm discloses one component of the liquidating cash flow at the end of the first period

and the other component at the end of the second period. In the bundled disclosure setting,

both components of the liquidating cash flow are disclosed at the end of the first period. We

compare the ex ante cost of capital embedded in the stock price at the beginning of the first

period and find that the unbundled disclosure results in higher price informativeness of the

liquidating cash flow and a lower cost of capital for the firm.

To explain the intuition of our results, let’s name the two components of cash flow as

cash flow A and cash flow B. To simplify the explanation, suppose the firm has two investors,
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investor a and investor b, and the efficient risk allocation is such that investor a should bear

all the risk of the cash flow A and bear no risk of the cash flow B; conversely, investor b

should bear no risk of the cash flow A and all the risk of the cash flow B. Therefore, the

efficient risk allocation across investors is different for the two cash flows. When the firm

bundles the information on the two cash flows and disclose them at the same time, investors

cannot obtain the efficient risk allocations because they can only invest in the two cash flows

simultaneously. Hence, when the firm issues bundled disclosure, only the aggregate risk of

the two cash flows can be allocated across investors.

In contrast, when the firm unbundles information and for instance, discloses the cash flow

A first, investor a can invest in the firm’s shares before the disclosure and clear his position

after the disclosure so that he only bears the risk of the cash flow A but no risk of the cash

flow B. The opposite holds for investor b. He can invest in the firm after the cash flow A has

been disclosed and hold the shares until the cash flow B is disclosed so that he bears no risk

of the cash flow A but all the risk of the cash flow B. The unbundled disclosures result in a

better allocation of the investment risk and therefore lowers the required risk compensation

by investors.

This paper evaluates the effect of unbundled disclosure on the firm’s ex ante cost of

capital. Christensen et al. (2010) points out that the ex ante cost of capital covering the whole

trading period is independent of the public and private information. In their model, where

the liquidating cash flows have only one component, information only affects the allocation

of the ex ante risk premium across periods. Our study contributes to the understanding

on information structure and ex ante cost of capital by showing that when the liquidating

cash flows have multiple components, the public and private information does influence

the ex ante cost of capital, because the information structure determines how investors

can allocate the risk of the different components in the liquidating cash flows. This study

therefore contributes to the cost of capital literature by demonstrating that when and how
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the information is disclosed can affect the cost of capital. Previous literature on disclosure

and cost of capital suggests that disclosure quality matters for the risk premium in stock

price (Diamond and Verrecchia, 1991; Easley and O’Hara, 2004; Gao, 2010; Lambert et al.,

2012), but we show that the format of disclosure decision can also play an important role.

We adopt the dynamic noisy rational expectations equilibrium framework, which has

been used in Brown and Jennings (1989), Grundy and McNichols (1989), He and Wang

(1995) and Kim and Verrecchia (1991b). These early studies mainly investigate the issue on

information and trading volume, not on disclosure and risk sharing among investors.

A few other studies that also look at unbundled disclosures include Dye (2010), Gigler et

al. (2014), Ramanan (2015) and Gigler and Hemmer (1998). Dye (2010) analyzes unbundled

disclosures from the perspective of the manager. In his model, the manager optimizes his

reporting policy based on his future trading behavior. It is shown that the optimal report-

ing policy is to bundle his private information into one disclosure that will be made at one

particular point in time. Both Gigler et al. (2014) and Ramanan (2015) consider the real

effects of disclosed information on manager’s investment decision. Gigler et al. (2014) argues

that more frequent disclosure (i.e., unbundled disclosure) can be costly because it imposes

short term market pressure on the manager that leads to myopic managerial behavior. The

predicted relation is consistent with the recent evidence in Ernstberger and Vogler (2015)

and Kraft et al. (2016). Ramanan (2015) shows that unbundled disclosure allows the firm

to learn from the market responses to these disclosures so as to improve subsequent invest-

ment decisions. Gigler and Hemmer (1998) examines the interaction between mandatory

and voluntary disclosures, and proposes that unbundled and more frequent mandatory dis-

closure can decrease price efficiency by crowding out the voluntary disclosure of the firm.

Different from the above studies, we propose a valuation benefit of unbundling information,

as disclosing different pieces of information at different points in time allows for better risk

sharing among investors.
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The remainder of this paper is organized as follows. Section 4.2 introduces the disclosure

model. Section 4.3 presents the equilibrium analyses of the two disclosure settings. Section

4.4 analyzes the effect of unbundled disclosure on the firm’s cost of capital. Section 4.5

discusses the empirical implications and Section 4.6 concludes.

4.2 Model

We consider a two-period noisy rational expectations equilibrium model with investors that

care about the liquidating cash flow of the firm. A firm’s risky stocks and a risk-free asset

are traded in a perfectly competitive market at both t = 1 and t = 2. At date t = 3, the firm

distributes a liquidating cash flow θ̃+ ν̃ to investors, where θ̃ and ν̃ are normally distributed

with mean zero and variance 1
hθ

and 1
hν

, respectively. Thus, hθ and hν capture the precisions

of the two cash flows. The risk-free asset has unlimited supply and its return is normalized

to zero.

There is a continuum of investors indexed on the interval [0, 1]. Investors are risk averse

and have exponential utility function

U(W ) = −e−
W
r ,

where W is the investor’s final wealth, and r is the risk tolerance level.2 We assume identical

risk tolerance level across investors so that differences in risk tolerance do not drive our

results. Investors’ consumption only occurs at date t = 3 when investors learn the liquidating

cash flow. Before the firm’s stock is traded at date t = 1, a fraction λ ∈ (0, 1) of investors

receives perfect private information about the cash flow component θ. In the remainder, we

use subscript f (u) to refer to informed (uninformed) investors.

To prevent the stock prices from fully revealing the private information on cash flow

2Given the CARA utility, we assume, without loss of generality, that the non-random endowment of
investors equals zero.
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component θ̃, we introduce supply noises and assume that the per capita supply of the

risky asset is x̃t at time t.3 Such noisy supply of shares represents the shares traded in the

market that is independent of the firm’s fundamentals. It can be interpreted as the investors

sentiment or shared traded by investors who act on noise as if it were information (Banerjee

et al., 2015; De Long et al., 1989, 1990; Marmora and Rytchkov, 2015). We assume x̃t is

normally distributed with mean x > 0 and variance 1
γt

. Thus, γt captures the precision of

x̃t. Supply noises are independent of each other and of all other signals.

We consider two disclosure settings referred to as unbundled and bundled disclosures. In

the unbundled disclosure setting, the firm publicly discloses the cash flow component θ̃ at

date t = 2 and publicly discloses ν̃ at date t = 3, while in the bundled disclosure setting, the

firm publicly discloses both θ̃ and ν̃ at date t = 2. Note that the total amount of information

is the same between two disclosure settings. The main difference is in the timing when

investors learn ν̃. Figure 4.1 presents the sequence of events for the two disclosure settings.

An alternative bundled disclosure setting arises when the firm publicly discloses θ̃ and ν̃

at date t = 3. In this setting, investors do not receive any information at t = 2; they only get

an additional trading opportunity at t = 2. We discuss this alternative bundled disclosure

setting in detail in Appendix A and show that our results still hold.

4.3 Equilibrium analysis

Under the rational expectations equilibrium, investors have rational expectations on θ̃ and

ν̃ and at each round of trade, investors maximize their expected utility conditional on the

information available, including the information in stock prices. The equilibrium stock prices

clear the market at the respective dates. As investors know θ̃ and ν̃ at t = 3 in both the

unbundled and bundled disclosure settings, the stock price p3 at t = 3 equals θ+ν. Therefore,

3The per capita share supply is defined as the total shares supply divided by the number of investors.
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Figure 4.1: Sequence of events

the analysis below focus on p1 and p2.

We confine our analysis to rational expectations equilibria with linear price functions.

We conjecture the price function p1 to be

p̃1 = β1θ̃ − δ1(x̃1 − x)− ψ1x (4.1)

and define q̃1 as the price signal, that is, the information that p̃1 provides on θ̃:

q̃1 =
p̃1 + ψ1x

β1

= θ̃ − δ1

β1

(x̃1 − x) = θ̃ −B1(x̃1 − x) (4.2)

The price signal q1 has precision Q1, where Q1 = γ1
B2

1
and B1 = δ1

β1
.4 Q1 reflects the

informativeness of p̃1 on the payoff θ̃; the larger the Q1, the more informative the price is

on θ̃ (Chen et al., 2014). To differentiate the notations between the unbundled and bundled

disclosure settings, we use the above variables to denote the prices and the price signal in

4To simplify the analyses, we follow the literature and define the precision of the price signal q1 as the
inverse of the variance of the noise part B1(x̃1 − x).
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the unbundled disclosure setting and use the corresponding variables denoted with prime for

the bundled disclosure setting.

We solve for the rational expectations equilibrium by backward induction. Denote the

information available to investor i at date t as Φit. Denote the demand of investor i at date t

as Dit. Investors determine the trading strategy at date t to maximize their expected utility

E

(
−e−

Wi

r

∣∣∣∣Φit

)
, (4.3)

where the wealth for investor i equals Wi = (p2 − p1)Di1 + (p3 − p2)Di2. For the following

analysis, we refer to (p2−p1)Di1 as investors’ first period payoff and (p3−p2)Di2 as investors’

second period payoff, with p3 equal to θ + ν.

4.3.1 Unbundled disclosure

In the unbundled disclosure setting, θ̃ is publicly disclosed at t = 2, thereby eliminating

any information asymmetry among investors. Consequently, all investors will have the same

demand for the firm’s risky stock at t = 2. Private information thus only affects first period

trading and first period price p̃1.

Lemma 4.1 In the unbundled disclosure setting, the equilibrium prices equal

p2 = θ̃ − 1
rhν
x̃2, (4.4)

p1 =

λ

A−1
1

+ 1−λ
K−1

1 +A−1
1

Q1
K1

H1
θ̃ −

1−λ
K−1

1 +A−1
1

Q1
rλA1K1

+ 1
r

H1
(x̃1 − x)−

(
1
rH1

+ 1
rhν+(rγ2)−1

)
x, (4.5)

and the equilibrium demands equal

Df2 = Du2 = x2, (4.6)

Df1 = rA1

[
θ − x̄

rhν+(rγ2)−1 − p1

]
, (4.7)

Du1 = r K1A1

K1+A1

[
Q1

K1
q1 − x̄

rhν+(rγ2)−1 − p1

]
, (4.8)
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where q1 is given by equation (4.2) and

H1 =
λ

A−1
1

+
1− λ

K−1
1 + A−1

1

, (4.9)

A1 = r2h2
νγ2 + hν , (4.10)

K1 = hθ +Q1, (4.11)

Q1 = r2λ2A2
1γ1. (4.12)

At t = 2, the equilibrium price p2 follows the standard mean-variance structure. Investors

have no information on ν̃, so price depends solely on the prior beliefs of ν̃. As θ̃ is publicly

disclosed before trading at t = 2, ν̃ is the only uncertain component during the second

period, which leads to the total risk premium 1
rhν
x2 in the equilibrium price p2. r represents

investors’ risk tolerance level, 1
hν

is the risk from holding one share of the risky stock and

x2 is the total supply of shares at t = 2. Investors’ identical demand Di2 = x2 for the risky

stock indicates that investors equally share the risk in ν̃ in the second period.

At t = 1, three key risk components determine the stock price p1, namely the risk in the

first cash flow component θ̃, the risk in the second cash flow component ν̃, and the risk in the

second period supply x̃2. The perceived risk in θ̃ differs between uninformed and informed

investors because of the information asymmetry. Uninformed investors without any private

information update their beliefs of θ̃ based on the price signal q1. Hence, their perceived

variance of θ̃ at date t = 1 equals K−1
1 , which depends on the precision hθ of investors’ prior

beliefs of θ̃ and the precision Q1 of the price signal q1. Informed investors with perfect private

information on θ̃ bear no risk in θ̃. Nevertheless, they do not take infinitely large positions

in the firm’s shares at t = 1, because p2 is still influenced by the unknown second period

supply x̃2, making the period 1 shareholdings still a risky investment. The risk in x̃2 and

the risk in ν̃ are reflected in the term A−1
1 . The risk h−1

ν in ν̃ determines the second period

risk premium 1
rhν
x2 in p2, which in turn influences the variance of p2.5 Investors care about

5Note that var(p2|Φi1) = var(θ|Φi1) + (r2h2νγ2)−1, where var(θ|Φf1) = 0 and var(θ|Φu1) = K−11 .
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p2 at t = 1 as it determines their first period payoffs. Combining these risk components,

H−1
1 reflects the total perceived risk in the market at t = 1. It is the weighted average of

informed investors’ perceived risk A−1
1 and uninformed investors’ perceived risk K−1

1 +A−1
1 .

In the noisy rational expectations equilibrium, informed investors’ demand for the risky

stock depends on their private information. The demand sensitivity to their private infor-

mation θ̃ equals rA1, as shown in equation (4.7). When there is less risk in ν̃, the value of

hν increases. This leads to a higher value of A1 and a higher demand sensitivity to private

information. Thus, informed investors trade more aggressively on their private information

when the second cash flow component ν̃ becomes less risky. This in turn increases the stock

price informativeness Q1 in equation (4.12). Similarly, a lower risk in the noisy supply of

shares x̃2 implies a higher value of γ2, a higher demand sensitivity to private information

and thus a higher stock price informativeness Q1.

Corollary 4.1 In the unbundled disclosure setting, the price informativeness of p1 decreases

with the risk in ν̃ and the risk in x̃2, that is, ∂Q1

∂hν
> 0 and ∂Q1

∂γ2
> 0.

4.3.2 Bundled disclosure

Under the bundled disclosure setting, both θ̃ and ν̃ are publicly and separately disclosed

before investors trade at t = 2. Compared with the unbundled disclosure setting, the bundled

disclosure setting features more timely information on ν̃, but the information on θ̃ and ν̃ is

released simultaneously. After the disclosure, stock price p′2 equals θ + ν. As p′3 also equals

θ+ν, investors’ second period payoff equals zero and W ′
i = (p′2−p′1)D′i1. Therefore, investors

maximize the expected utility by determining the first period demand D′i1 at t = 1.
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Lemma 4.2 In the bundled disclosure setting, the equilibrium prices equal

p′2 = θ̃ + ν̃, (4.13)

p′1 =

λ

(A′1)
−1 + 1−λ

(K′1)
−1

+(A′1)
−1

Q′1
K′1

H′1
θ̃ −

1−λ

(K′1)
−1

+(A′1)
−1

Q′1
rλA′1K

′
1

+ 1
r

H′1
(x̃1 − x)− 1

rH′1
x, (4.14)

and the equilibrium demands equal

D′f2 = D′u2 = x2, (4.15)

D′f1 = rA′1 [θ − p′1] , (4.16)

D′u1 = r
K′1A

′
1

K′1+A′1

[
Q′1
K′1
q′1 − p′1

]
, (4.17)

where:

H ′1 =
λ

(A′1)−1
+

1− λ
(K ′1)−1 + (A′1)−1

, (4.18)

A′1 = hν , (4.19)

K ′1 = hθ +Q′1, (4.20)

Q′1 = r2λ2(A′1)2γ1. (4.21)

Similar to the unbundled disclosure setting, the public disclosure of θ̃ at t = 2 eliminates

the information asymmetry among investors. Differently, the bundled disclosure of θ̃ and ν̃

resolves all uncertainty on the market so that the stock price p′2 reflects the realized value

of ν. Without any uncertainty about the liquidating cash flow, the stock price p′2 does not

include any risk premium discount and is thus independent of the supply noise x̃2.

At t = 1, the risk in θ̃ and ν̃ determines the stock price p′1. Investors’ perceived risk in

θ̃ is similar as in the unbundled disclosure setting. Informed investors with perfect private

information on θ̃ bear no risk of θ̃ while uninformed investors’ perceived risk of θ̃ is captured

by K ′1. The risk in ν̃ is captured by A′1 and the total risk on the market is captured by H ′1.
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Note that in the unbundled disclosure setting, the risk in ν̃ affects p1 as hν determines

the risk premium 1
rhν
x2 in p2. In contrast, in the bundled disclosure setting, the value of ν̃

directly determines p′2 and the second period payoff because ν̃ is publicly disclosed at t = 2.

Such difference leads to the different expressions of A1 in Lemma 4.1 and A′1 in Lemma 4.2,

and hence the differences in total perceived risk on the market. Moreover, it also affects

investors’ demand responsiveness to the private information and the price informativeness

on θ̃.

Corollary 4.2 In the bundled disclosure setting, the price informativeness of p′1 decreases

with the risk in ν̃ and is independent of the risk in x̃2, that is,
∂Q′1
∂hν

> 0 and
∂Q′1
∂γ2

= 0.

x̃2 does not influence Q′1 because it does not affect p′2 in the bundled disclosure setting

and is thus independent of the first period payoff. In this case, informed investors’ demand

responsiveness to the private information is rA′1. Note that A′1 < A1. Therefore, informed

investors have lower demand responsiveness to the private information in the bundled dis-

closure setting than in the unbundled disclosure setting. This is because in the bundled

disclosure setting where θ̃ and ν̃ are disclosed in the market at the same time, investors can

only invest in the aggregate cash flow risk θ̃ + ν̃. For informed investors with private infor-

mation on θ̃, the second cash flow ν̃ acts as noise and makes trading on private information θ̃

less attractive. The lower demand responsiveness to the private information in the bundled

disclosure setting also implies that the price informativeness Q′1 is lower than Q1.

Corollary 4.3 The price informativeness of p1 in the unbundled disclosure setting is higher

than the price informativeness of p′1 in the bundled disclosure setting, that is, Q1 > Q′1.

Corollary 4.3 indicates that bundling the disclosure of ν̃ with θ̃ decreases the price infor-

mativeness, even though the market receives more timely information on ν̃. This is because

the risk exposure of ν̃ created by the public disclosure reduces informed investors’ demand

responsiveness to their private information.

101



4.4 Unbundled disclosure and the cost of capital

We interpret the cost of capital as the expected discount in the stock price that investors

require for bearing the investment risk. The ex ante cost of capital thus equals the expected

difference between the expected liquidation value and the t = 1 equilibrium stock price.

The cost of capital under the unbundled disclosure setting equals

C = E(θ̃ + ν̃ − p̃1) =
1

rH1

x+
1

rhν + (rγ2)−1
x, (4.22)

where H1 is as defined in lemma 4.1.

The cost of capital under the bundled disclosure setting equals

C ′ = E(θ̃ + ν̃ − p̃′1) =
1

rH ′1
x, (4.23)

where H ′1 is as defined in lemma 4.2.

C consists of two components, the first component depends on the total perceived risk

in the market during the first period and is captured by H1; the second component relates

to the risk premium in the date t = 2 price. The only component of C ′ relates to the

total perceived risk in the market at t = 1, captured by H ′1. C ′ does not have the second

component because the fully revealing disclosure at t = 2 eliminates all risk in the second

period.

Lambert et al. (2012) shows that the cost of capital depends on the average amount

of information in the market. The information in stock price comes from the information-

based trading by informed investors. As shown in Corollary 4.3, informed investors respond

more aggressively to their private information in the unbundled disclosure setting than in

the bundled disclosure setting, leading to more information reflected in the stock price p1.

Therefore, the average amount of information - and thus the cost of capital - will be lower

in the unbundled disclosure setting than in the bundled disclosure setting.

102



Proposition 4.1 The cost of capital of the firm is lower in the unbundled disclosure setting

than the bundled disclosure setting, that is C < C ′.

The driving force of this result is the improved risk allocation across investors by the

unbundled disclosure. As all investors have no information on ν̃, they want to equally share

the risk of ν̃. With private information on θ̃, investors prefer to share the risk of θ̃ differently

from the risk of ν̃. Thus, the efficient risk allocations on θ̃ and ν̃ are different. In the bundled

disclosure setting, θ̃ and ν̃ are disclosed simultaneously at t = 2. When investors purchase

the firm’s stock, they have to invest in θ̃ and ν̃ simultaneously as the two components of

cash flow are disclosed at the same time. Therefore, when informed investors want to benefit

from their private information on θ̃, they have to bear the risk of ν̃ as well. This deters

the informed investors from fully exploiting their private information. In the unbundled

disclosure setting, θ̃ is disclosed at t = 2 and ν̃ is disclosed at t = 3. This allows investors to

allocate the risk in θ̃ and ν̃ separately by changing their stock holdings at t = 2 when θ is

disclosed. Informed investors now fully exploit their private information in the first period

and then adjust their positions in the risky stock at t = 2 to equally share the risk of ν̃ with

uninformed investors. Hence, the unbundled disclosure allows more efficient risk allocation

across investors and therefore lowers the cost of capital.6

6We define cost of capital as the expected risk premium in the stock price (e.g. Easley and O’Hara,
2004; Hughes et al., 2007; Lambert and Verrecchia, 2015; Lambert et al., 2012). There are two alternative
definitions of cost of capital in the literature. One is the unconditional cost of capital, defined as the

unconditional expected return E(p̃3)−E(p̃1)
E(p̃1)

(Gao, 2010). In our model, E(p̃3) is the same for both disclosure

settings and E(p̃1) is higher in the unbundled disclosure setting than in the bundled disclosure setting.
Hence, based on this alternative definition, our implications remain the same. The other definition is the

conditional cost of capital, defined as the conditional expected return E
(
p̃3−p̃1
p̃1

)
. This measure is difficult

to calculate in the current setting as the denominator contains random variables θ̃ and x̃1 (Gao, 2010).
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4.5 Discussion

4.5.1 Discussions

The key aspect of disclosure captured by our model are potential benefits of unbundling

information and disclosing different pieces of information separately at different points in

time. Unbundling information on the time dimension is necessary to achieve the efficient

risk sharing because investors need to have the time to rebalance their portfolio positions

after each disclosure. Also, the firm should have the discretion on the timing of releasing

the information to the market.7

Comparison between the unbundled and bundled disclosure setting suggests that timely

disclosure alone is not sufficient to achieve efficient risk allocation in the market. The bundled

disclosure setting features more timely disclosure on ν̃, but the market still achieves an

inferior risk allocation compared to the unbundled disclosure setting. For that reason, it

also results in a higher cost of capital.

Note that we ignore the time value of money in our model. If time value of money is

positive and sufficiently high, the bundled disclosure setting may result in a lower cost of

capital than the unbundled disclosure setting. As in that case, the benefits of the earlier

resolution of uncertainty of ν̃ in the bundled disclosure setting will dominate the risk sharing

benefits of the unbundled disclosure setting.

Our model confines to perfect private information and perfect public disclosure because

the two period trading model with imperfect private information and imperfect public dis-

7Listed companies are required to make timely disclosure of material information to investors. Firms thus
barely have discretion on disclosure timing for events out of their control and investors are less likely to be
aware of the firm’s disclosure schedule upfront. Implications from the paper would not be applicable to such
settings. For internal corporate matters, however, firms’ control on these corporate issues would, at least to
some extent, lead to their discretion on the disclosure timing. Examples include dividend declaration, new
product or project development, merger and acquisition transactions and stock split. We expect that our
argument can provide insights on whether firms should unbundling or bundling information in these settings.
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closure suffers from tractability issues so that an explicit solution is not available (Allen et

al., 2006; Brown and Jennings, 1989; Gao, 2008; Kondor, 2012). We conjecture that our im-

plications would still hold with noisy private information and noisy public disclosure. This

is because noisy private information on θ̃ still implies that the efficient risk allocation is

different between θ̃ and ν̃; also noisy public disclosure on θ̃ at t = 2 still unbundles the

information on θ̃ and ν̃. Under both conditions, investors benefit more from their private

information in the unbundled disclosure setting. Therefore, we conjecture that unbundled

disclosure reduces the firm’s cost of capital even when investors have noisy private informa-

tion on θ̃ and the firm only discloses noisy information on θ̃ at t = 2. With noisy public

disclosure of ν̃ in the bundled disclosure setting, as long as the noisy public disclosure has

a strictly positive precision, stock price p2 would respond to the disclosure on ν̃ and all the

implications should still hold.

For simplicity, we assume that the two components of the liquidating cash flow are

independent of each other. When either positive or negative correlation exists between the

two cash flows, the benefits of unbundling information are expected to be decreasing in the

correlation. This is because when the correlation increases, the private information on θ̃

would provide more information on ν̃. In this case, the efficient risk allocation between

θ̃ and ν̃ would be closer to each other, leading to the lower benefits from the unbundled

disclosure. We expect the risk sharing benefits to be positive as long as it is not perfect

correlation between the two cash flows.

Moreover, our results would still hold if only the aggregate value of the liquidating cash

flow θ̃ + ν̃ is disclosed in the bundled disclosure setting, as investors only care about the

total value of θ̃+ ν̃, instead of the value of each component, when determining their trading

strategies in the bundled disclosure setting.

Finally, we expect that the unbundled disclosure could also improve risk sharing in the
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market when extending the current setting with multiple pieces of information.8 The min-

imum level of unbundled disclosure to achieve efficient risk sharing in the market would

depend on the private information of investors. For instance, if the firm generates three cash

flows A, B and C at date t = 3 and part of the investors privately know both the cash flow

A and B, while no investor knows the cash flow C. In this case, disclosing the cash flow A

and B together, while disclosing the cash flow C at a different time would be sufficient to

achieve the efficient risk sharing. Further unbundling information on the cash flows A and B

would not lead to any additional benefits to the firm. Similar idea applies to the continuous

reporting issue. How frequently firms should update their financial report depends on how

far into the future investors can collect private information about the firm. Besides, it is

vital that investors must be aware of the firm’s disclosure schedule in advance and can thus

trade on their private information before each report updates.

4.5.2 Empirical implications

The proposed mechanism in the paper generates a number of empirical implications on the

valuation effects of unbundled disclosure.

First, the model provides implications on how reporting frequency affects a firm’s cost

of capital. The unbundled disclosure setting features higher reporting frequency than the

bundled disclosure setting. The results suggest that a higher reporting frequency brings in

valuation benefits by decreasing the firm’s cost of capital. The result is consistent with the

empirical evidence in Fu et al. (2012). Prior empirical studies usually rely on the argument

that more frequent financial reporting increases the amount of information available in the

market, which in turn lowers the cost of capital. Our study, however, suggests that the rela-

tion between reporting frequency and cost of capital exists even if the amount of information

8Without cost of unbundled disclosure, disclosing each piece of information separately and at a different
time should at least weakly improve the risk sharing in the market.
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available in the market remains the same across the different reporting frequency regimes.

Second, we suggest that unbundling information into separate reports can be desirable

when investors would like to share risks differently among the multiple pieces of information.

Note that the risk sharing benefits from unbundling information are feasible only if such

disclosure policy is announced in advance so that investors can adjust their investment

portfolios accordingly.

One related setting explored by empirical studies is earnings announcements combined

with other information (Barron et al., 2010). We predict that firms unbundling the earnings

announcements and other information, such as management forecasts, can enjoy a lower

cost of capital. The same reasoning may also hold for the comparison between integrated

reporting and separate corporate social responsibility reporting.9 Firms that issue the fi-

nancial report and the corporate social responsibility report at different points in time allow

investors to exploit their private information in one aspect without the influence from the

other aspect. Therefore, the firm can achieve more efficient risk allocations among investors.

Moreover, for multinational firms, local investors with more private information on the local

segments than the overseas segments can better benefit from their private information when

different segment reports are disclosed at different time. This may also explain the valuation

discount of conglomerate firms, where the market value of the conglomerates is lower than

the summed value of the separate divisions. When the conglomerates spread across multiple

industries, investors may only have valuable private information on one certain industry.

Releasing the financial information of the whole conglomerate firm reduces the attractive-

ness to aggressively exploit investors’ private information on the individual industries and

increases the risk premium in stock price. Prior literature has documented such conglom-

9Our implication on integrated reporting and corporate social responsibility reporting is only relevant
when the market would respond to information on corporate social responsibility issues. This has been
supported by the current empirical evidence. See Dhaliwal et al. (2011), Clarkson et al. (2013), Hughes
(2000), and Plumlee et al. (2015) for detailed empirical results.
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erate discount (Ammann et al., 2012; Custódio, 2014; Hoechle et al., 2012; Khorana et al.,

2011) and tried to explain this valuation discount with agency problem or resource alloca-

tion inefficiency in conglomerate firms (Berger and Ofek, 1995; Laeven and Levine, 2007;

Maksimovic and Phillips, 2002). Our model provides a new potential explanation for the

conglomerate discount using an investors’ risk sharing perspective.

Furthermore, compared with our risk sharing argument, investor inattention theory also

predicts that unbundled disclosure can improve stock price efficiency. It suggests that unso-

phisticated investors fail to fully process the information when too much information is dis-

closed at the same time. Therefore, unbundled disclosure allows investors to better respond

to the information, which reduces the market underreaction to the disclosure (DellaVigna

and Pollet, 2009; Hirshleifer et al., 2009). In contrast, our risk sharing argument assumes

that investors can always fully process all the disclosed information. Instead of predicting

the market response at the time of disclosure as in the investor inattention theory, we focus

on the market price before the disclosure and suggest that the price informativeness before

the disclosure would be higher under the unbundled disclosure setting.

4.6 Conclusion

This paper shows that unbundling the disclosure of multiple pieces of information at different

points in time can lower the firm’s cost of capital even if the total amount of information

available in the market is the same. The results suggest that when different payoff compo-

nents are subject to different efficient risk allocations across investors, unbundled disclosure

can improve the risk sharing among investors. The reason is that with bundled disclosures,

investors can only allocate the aggregate risks of all the payoff components, as they are ex-

posed to the risk of all payoff components at the same time. Unbundling information and

disclosing information at different points in time, however, allows investors to be exposed to
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the risk of each payoff component separately. Investors can adjust their portfolio positions

after each disclosure and thus achieve more efficient risk allocation on each payoff component.

This channel increases the amount of information reflected in the stock price and lowers the

firm’s cost of capital.

A limitation of our paper is the lack of costs of unbundling information. As such, the

predicted optimal disclosure strategy would always be the unbundled disclosure strategy. Our

model is thus silent on explaining the bundled disclosure practice. Investigating conditions

under which the bundled disclosure would be preferred by the firm could be a topic for future

research.
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Figure 4.2: The alternative bundled disclosure setting

4.7 Appendix A: Equilibrium analysis of the alterna-

tive bundled disclosure setting

In the alternative bundled disclosure setting, the firm publicly discloses both θ̃ and ν̃ at

t = 3 (instead of at t = 2). Figure 2 shows the timeline of this alternative bundled disclosure

setting.

In this case, the information asymmetry exists between informed and uninformed in-

vestors at t = 2, as θ̃ is not publicly disclosed. This makes the setting more complicated

than the previous two settings. In the previous two settings, the market perfectly learns θ̃

after the date t = 2 disclosure. Therefore, investors can only trade on their information in

the first period. In the alternative bundled disclosure setting, however, the market perfectly

learns θ̃ at t = 3. Both p′1 and p′2 reveal information on θ̃ and investors can trade on their

private information in both the first and the second period.

In the alternative bundled disclosure setting, θ̃ is not publicly disclosed at t = 2, hence,

p′2 still reveals information on θ̃. The conjectured stock price at t = 1 is defined in equation

(4.1), while the conjectured price function p′2 is

p̃′2 = β′2ũ1 − δ′2(x̃2 − x)− ψ′2x+ φ′2q
′
1, (4.24)
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where q̃′2 is the information on ũ1 in p̃′2, that is,

q̃′2 =
p̃′2 + ψ′2x− φ′2q′1

β′2
= ũ1 −

δ′2
β′2

(x̃2 − x) = ũ1 −B′2(x̃2 − x). (4.25)

The price signal q′2 has precision Q′2, where Q′2 = γ2
(B′2)2

and B′2 =
δ′2
β′2

.

The equilibrium prices and equilibrium demands in the alternative bundled disclosure

setting are summarized below.

Lemma 4.3 Under the alternative bundled disclosure setting, there is a linear rational ex-

pectations equilibrium where the stock prices are given by equations (4.1) and (4.24), with

β′2 = 1
H′2

(
λ
h−1
ν

+ 1−λ
(K′2)−1+h−1

ν

Q′2
K′2

)
, (4.26)

δ′2 = 1
H′2

(
1−λ

(K′2)−1+h−1
ν

Q′2
rλhνK′2

+ 1
r

)
, (4.27)

ψ′2 = 1
rH′2

, (4.28)

φ′2 = 1
H′2

(
1−λ

(K′2)−1+h−1
ν

Q′1
K′2

)
, (4.29)

β′1 = 1
H′1

[
λ(hν +

γ2(β′2+φ′2)

(δ′2)2
) + (1− λ)

(
(M ′ −N ′)(φ′2 +

β′2Q
′
1

K′1
) +N ′

Q′1
K′2

(1 +
Q′2
K′1

)
)]
,

(4.30)

δ′1 = 1
H′1

λ γ2φ′2(δ′2)2
+ (1− λ)

(
(M ′ −N ′)(φ′2 +

β′2Q
′
1

K′1
) +N ′

Q′1
K′2

(1 +
Q′2
K′1

)
)

rλ

(
hν+

γ2β′2
(δ′2)2

) + 1
r

 , (4.31)

ψ′1 = 1
rH′1

+ 1
H′1

[
λ γ2

(δ′2)2
+ (1− λ)(M ′ −N ′)

]
ψ′2, (4.32)
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and

H ′2 = λ
h−1
ν

+ 1−λ
(K′2)−1+h−1

ν
, (4.33)

H ′1 = λ
(
hν + γ2

(δ′2)2

)
+ (1− λ)M ′, (4.34)

M ′ = 1
(β′2)2

[(
Q′2
K′2
− β′2

)2
hνK′2
K′2+hν

+
Q′2K

′
1

K′2

]
, (4.35)

N ′ = 1
β′2

hνK′2
hν+K′2

(
β′2 −

Q′2
K′2

)
, (4.36)

K ′2 = hθ +Q′1 +Q′2, (4.37)

K ′1 = hθ +Q′1, (4.38)

Q′2 = λ2r2h2
νγ2, (4.39)

Q′1 = r2λ2
(
hν + γ2

(δ′2)2
β′2

)2

γ1, (4.40)

and q′1 and q′2 are given by equations (4.2) and (4.25). The equilibrium demands equal

D′f2 =rhν(θ − p′2), (4.41)

D′u2 =r
K′2hν
K′2+hν

[
Q′1q

′
1+Q′2q

′
2

K′2
− p′2

]
, (4.42)

D′f1 =r
[

γ2
(δ′2)2

(β′2θ − ψ′2x̄+ φ′2q
′
1) + hνθ

]
− r

(
γ2

(δ′2)2
+ hν

)
p′1, (4.43)

D′u1 =r(M ′ −N ′)(β′2
Q′1
K′1
q′1 − ψ′2x̄+ φ′2q

′
1) + rN ′

Q′1
K′1
q′1 − rM ′p′1. (4.44)

To briefly explain the above equilibrium results, at t = 2, investors’ demand D′i2 are

determined by the expected payoff in the second period E(p′3|Φi2) − p′2 and the perceived

risk of this expected payoff. Informed investors perfectly know θ̃, so their demand D′f2 only

depends on the risk h−1
ν in ν̃. Uninformed investors are uncertain about both θ̃ and ν̃ at

t = 2. They update their believes of θ̃ based on the information in the price signals q′1 and

q′2. Their demand D′u2 depends on the sum of the risk h−1
ν in ν̃ and the inferred risk (K ′2)−1

in θ̃. (K ′2)−1 is determined by the prior precision hθ of θ̃, the precision Q′1 of the date t = 1

price signal q′1 and the precision Q′2 of the date t = 2 price signal q′2. Stock price p′2 reflects
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the risk in θ̃, the risk in ν̃, and the risk in x̃2. Similar to the unbundled disclosure setting, H ′2

reflects the total risk in the market at t = 2, which is the weighted average of the perceived

risks by informed and uninformed investors.

At t = 1, investors decide on the trading strategy to maximize the sum of the expected

payoffs from the two trading periods. Investors have two opportunities to benefit from the

information. One opportunity is trading on the information at t = 1 and receiving the

payoffs p′2; the other opportunity is trading on the information at t = 2 and receiving the

payoffs p′3, which equals to θ+ν. To show how these two payoffs affect investors’ first period

demand, we rewrite D′f1 and D′u1 in equations (4.43) and (4.44) as follows.

D′f1 = r γ2
(δ′2)2

[E(p′2|Φf1)− p′1] + rhν [E(p′3|Φf1)− p′1] , (4.45)

D′u1 = r(M ′ −N ′) [E(p′2|Φu1)− p′1] + rN ′ [E(p′3|Φu1)− p′1] . (4.46)

Equations (4.45) and (4.46) suggest that both informed and uninformed investors exploit

both trading opportunities to profit from the available information. Note that uninformed

investors without private information on θ̃ can still trade on the information contained in

price signals q′1 and q′2. Informed and uninformed investors place different weights on the

two expected payoffs E(p′2|Φi1) and E(p′3|Φi1) because of the information asymmetry. The

weights relate to the perceived risk of the expected payoffs. For informed investors who

perfectly know θ̃, the two weights equal the corresponding risk of the expected payoffs.10

For uninformed investors, the two weights on the expected payoffs depend on the perceived

risk in p̃′2, the perceived risk in p̃′3 and the informativeness of q′2 relative to the pricing

coefficients β′2.

Stock price p′1 has a complicated expression because of the complex trading strategy of

the investors at t = 1. The value of p′1 depends on the pricing coefficients of p′2, as p′2

determines part of their payoffs. The total risk in the market at t = 1 is captured by H ′1.

10For informed investors, V ar(p′2|Φf1) = γ2
(δ′2)

2 and V ar(p′3|Φf1) = h−1ν , where Φf1 = {θ, p′1}.
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Note that in the equilibrium, β′2, δ′2 and Q′1 are implicitly defined by equations (4.26), (4.27)

and (4.40).

The cost of capital under the alternative bundled disclosure setting equals

Cad = E(θ̃ + ν̃ − p̃′1) =
1

rH ′1
x+

[
λ γ2

(δ′2)2
+ (1− λ)(M ′ −N ′)

]
ψ′2

H ′1
x, (4.47)

where H ′1, δ′2, M ′, N ′ and ψ′2 are as defined in lemma 4.3 in Appendix A.

Cad has the similar structure as C. The first component of Cad relates to the total

perceived risk on the market at t = 1 and the second component relates to the risk premium

in p′2. The implication we discussed before still holds in this alternative bundled disclosure

setting. The public disclosure on θ̃ in the unbundled disclosure setting allows investors to

trade more aggressively on their private information of θ̃, which increases the amount of

information reflected in the stock price and lowers firm’s cost of capital.

Proposition 4.2 The cost of capital of the firm is lower in the unbundled disclosure setting

than in the alternative bundled disclosure setting, that is C < Cad.

Proof of Lemma 4.3

We follow the approach used in Kondor (2012) to solve for the rational expectations

equilibrium in the alternative bundled disclosure setting.

In this setting, the information asymmetry between informed and uninformed investors

still exist at t=2. Investors determine D′i2 to maximize

maxD′i2 E
(
−exp

{
−1
r

[ (p′2 − p′1)D′i1 + (θ + ν̃ − p′2)D′i2]}
∣∣Φi2

)
,

where Φf2 = {θ, p′1, p′2} and Φu2 = {p′1, p′2}. Solving the optimization problem, we can get

that the second period demand follows the standard mean variance structure. For informed

114



investors,

Df2 = rhν(θ − p′2),

which yields equation (4.41) in lemma 4.3. For uninformed investors,

Du2 = r
E(θ̃|Φu2)− p′2

V ar(θ̃|Φu2) + h−1
ν

.

Replacing E(θ̃|Φu2) =
Q′1q

′
1+Q′2q

′
2

hθ+Q′1+Q′2
and V ar(θ̃|Φu2) = (hθ + Q′1 + Q′2)−1 = (K ′2)−1, one gets

equation (4.42).

Replacing the demand expressions into the market clearing condition λD′f2+(1−λ)D′u2 =

x2 and rewriting yields the corresponding pricing coefficients in (4.26), (4.27), (4.28) and

(4.29).

At t = 1, investors determine D′i1 to maximize

maxD′i1 E
(
−exp

{
−1
r

[ (p′2 − p′1)D′i1 + (θ + ν̃ − p′2)D′i2]}
∣∣Φi1

)
,

where Φf1 = {θ, p′1} and Φu1 = {p′1}. Taking expectation of ν̃ and replacing the demand

expression D′i2, one gets that the maximization problem is equivalent to

maxD′i1 E

(
−exp

{
−1
r

[
(p̃′2 − p′1)D′i1 + r

2

(E(θ̃|Φi2)−p̃′2)
2

V ar(θ̃|Φi2)+h−1
ν

]}∣∣∣∣Φi1

)
. (4.48)

For informed investors, E(θ̃|Φf2) = θ and V ar(θ̃|Φi2) = 0. Also note that the conjectured

equation of p′2 in (4.24) can be rewritten as

p′2 = β′2q
′
2 − ψ′2x̄+ φ′2q

′
1. (4.49)
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Using (4.49) and taking expectation of q′2 of the expected utility function in (4.48) yields

E(− exp [C + L′M −M ′RM ′] |Φi1)

=− |W |− 1
2 |2R +W−1|− 1

2 exp
[
C + L′Z − Z ′RZ + 1

2
(L′ − 2Z ′R) (2R +W−1)

−1
(L− 2RZ)

]
,

(4.50)

where

M = q′2,

W = V ar(q′2|Φf1) =
(δ′2)2

(β′2)2γ2
,

R =
1

2
hν(β

′
2)2,

Z = E(q′2|Φf1) = θ,

C = −1
r
D′f1(φ′2q

′
1 − ψ′2x̄− p′1)− 1

2
hν(θ − φ′2q′1 + ψ′2x̄),

L = −1
r
β′2D

′
f1 + hνβ

′
2(θ − φ′2q′1 + ψ′2x̄).

Taking first order condition of (4.50) with D′f1 yields

−1
r
(φ′2q

′
1−ψ′2x̄− p′1)− 1

r
β′2θ+

−1
r
β′2D

′
f1 + hνβ

′
2(θ − φ′2q′1 + ψ′2x̄)− θhν(β′2)2

hν(β′2)2+V ar−1(q′2|Φf1)

(
−1
r
β′2
)

= 0.

Rewrite yields equation (4.43).

The derivation of the first period demand D′u1 of the uninformed investors follows the

same approach. After taking expectations of the expected utility function in (4.48) and

taking first order condition with D′u1, one can get equation (4.44) in lemma 4.3.

In equilibrium, demand equals supply, that is, λD′f1 + (1 − λ)D′u1 = x1. Substituting

the demands expressions (4.43) and (4.44), and rewriting the equation, one gets the pricing

coefficients in equations (4.30), (4.31) and (4.32).

Proof of Proposition 4.2
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First, we prove that the price informativeness of the date 1 stock price is higher in

the unbundled disclosure setting than in the alternative bundled disclosure setting, that is,

Q1 > Q′1. Note that Q1 = r2λ2(r2h2
νγ2 +hν)

2γ1 and Q′1 = r2λ2
(
hν + γ2

(δ′2)2
β′2

)2

γ1. As β′2 < 1,

β′2
(δ′2)2

< 1
(δ′2)2

=
r2λ2h2ν(hθ+Q′1+Q′2+λhν)2

[λ(hθ+Q′1+Q′2)+Q′2]2
< r2h2

ν . Therefore, Q1 > Q′1.

Second, replacing the expressions of the pricing coefficients H ′1, δ′2, M ′, N ′ and ψ′2 in

lemma 4.3 into the expression of Cad in equation (4.47), one can get

Cad =
(r2h2νλγ2+hθ+Q′1+hν)2+γ2hνr2(hθ+hν+Q′1+r2h2νλ

2γ2)(hθ+λ2hν+Q′1+r2h2νλ
3γ2)

rhν [r4λ3h3νγ
2
2+hθ+hν+Q′1+γ2hνr2(hθ+λ2hν+λhν+Q′1)](hθ+λhν+Q′1+r2h2νλ

2γ2)
.

Taking partial derivative with respect to Q′1, one can get that ∂Cad
∂Q′1

< 0. Therefore, replacing

all Q′1 with Q1 in Cad and denote the new measure as C ′ad, we have that C ′ad < Cad. Hence

proving that C < Cad is equivalent to proving that C < C ′ad.

Using (4.9) and (4.22), one can calculate that

C − C ′ad =
rhνγ2[−γ22h4νλ3r4(λ3−2λ2+1)−r2h2νλγ2(1−λ2)(hθ+λhν(2−λ)+Q1)−(1−λ)λ(hθ+hν+Q1)2]

[r4λ3h3νγ
2
2+hθ+hν+Q1+γ2hνr2(hθ+λ2hν+λhν+Q1)](hθ+λhν+Q1+r2h2νλ

2γ2)(hθ+λhν+Q1+r2h2νλγ2)

< 0.

It implies that C < C ′ad. Hence, C < Cad.

4.8 Appendix B: Proofs

Proof of Lemma 4.1.

At t = 2, as θ̃ is publicly disclosed, there is no information asymmetry across investors

so that they all have the same demand Di2. To determine Di2 at t = 2, investors maximize

maxDi2 E
(
−exp

{
−1
r

[ (p2 − p1)Di1 + (θ + ν̃ − p2)Di2]}
∣∣ θ, p2

)
.

After taking expectation with respect to ν̃, the maximization problem is equivalent to

maxDi2 (p2 − p1)Di1 + (θ − p2)Di2 − 1
2r
D2
i2

1
hν
.
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Taking first order condition with respect to Di2, one gets equation (4.6). In equilibrium,

demand equals supply, that is, Di2 = rhν (θ − p2) = x2. Rewriting yields equation (4.4).

We now solve for the demand Di1 and the stock price p1 at t = 1. When determining

Df1, informed investors with perfect private information on θ̃ maximize

maxDf1 Ep̃2,ν̃
(
−exp

{
−1
r

[ (p̃2 − p1)Df1 + (θ + ν̃ − p̃2)Df2]}
∣∣ θ, p1

)
.

Substituting Df2 and p2 with equation (4.6) and (4.4) respectively, one gets

Ep̃2,ν̃
(
−exp

{
−1
r

[ (p̃2 − p1)Df1 + (θ + ν̃ − p̃2)Df2]}
∣∣ θ, p1

)
=Ex̃2,ν̃

(
−exp

{
−1
r

[(
θ − 1

rhν
x̃2 − p1

)
Df1 +

(
θ + ν̃ − θ + 1

rhν
x̃2

)
x̃2

]}∣∣∣ θ, p1

)
=Ex̃2

(
−exp

{
−1
r

[(
θ − 1

rhν
x̃2 − p1

)
Df1 + 1

rhν
x̃2

2 − 1
2rhν

x̃2
2

]}∣∣∣ θ, p1

)
=Ex̃2

(
−exp

[
−1
r

(
θ − 1

rhν
x̃2 − p1

)
Df1 − 1

2r2hν
x̃2

2

]∣∣∣ θ, p1

)
=
√

γ2
2π

∫
−exp

[
−1
r

(θ − p1)Df1 + 1
r2hν

x̃2Df1 − 1
2r2hν

x̃2
2 − 1

2
γ2 (x̃2 − x)2

]
dx2

=
√

γ2
γ2+(r2hν)−1 − exp

[
−1
r

(θ − p1)Df1 + 1
2

[
(r2hν)

−1
Df1+γ2x2

]2
γ2+(r2hν)−1 − 1

2
γ2x2

2

]
.

Taking first order condition with Df1 yields equation (4.7).

For uninformed investors, at t = 1, they determine Du1 to maximize

maxDu1 Eθ̃,p̃2,ν̃

(
−exp

{
−1
r

[
(p̃2 − p1)Du1 +

(
θ̃ + ν̃ − p̃2

)
Du2

]}∣∣∣ p1

)
.
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Substituting Du2 and p2 with equation (4.6) and (4.4) respectively, one gets

Eθ̃,p̃2,ν̃

(
−exp

{
−1
r

[
(p̃2 − p1)Du1 +

(
θ̃ + ν̃ − p̃2

)
Du2

]}∣∣∣ p1

)
=Eθ̃,x̃2,ν̃

(
−exp

{
−1
r

[(
θ̃ − 1

rhν
x̃2 − p1

)
Du1 +

(
θ̃ + ν̃ − θ̃ + 1

rhν
x̃2

)
x̃2

]}∣∣∣ p1

)
=Eθ̃,x̃2

(
−exp

{
−1
r

[(
θ̃ − 1

rhν
x̃2 − p1

)
Du1 + 1

rhν
x̃2

2 − 1
2rhν

x̃2
2

]}∣∣∣ p1

)
=Eθ̃,x̃2

(
−exp

[
−1
r

(
θ̃ − 1

rhν
x̃2 − p1

)
Du1 − 1

2r2hν
x̃2

2

]∣∣∣ p1

)
=Ex̃2

(
−exp

[
−1
r

(
E(θ̃|p1)− 1

rhν
x̃2 − p1

)
Du1 + 1

2r2
D2
u1var(θ̃|p1)− 1

2r2hν
x̃2

2

])
=
√

γ2
2π

∫
−exp

[
−1
r

(
E(θ̃|p1)− 1

rhν
x̃2 − p1

)
Du1 + 1

2r2
D2
u1var(θ̃|p1)− 1

2r2hν
x̃2

2 − 1
2
γ2 (x̃2 − x)2

]
dx2

=
√

γ2
γ2+(r2hν)−1 − exp

[
−1
r

(
E(θ̃|p1)− p1

)
Du1 + 1

2r2
D2
u1var(θ̃|p1) + 1

2

[
(r2hν)

−1
Du1+γ2x2

]2
γ2+(r2hν)−1 − 1

2
γ2x2

2

]
.

Taking first order condition with Du1 yields

Du1 = r
E(θ̃|p1)− x

rhν+(rγ2)−1 − p1

var(θ̃|p1) + 1
r2h2ν

( 1
γ2+(r2hν)−1 )

. (4.51)

Replacing E
(
θ̃
∣∣∣ p1

)
= Q1q1

hθ+Q1
and var

(
θ̃
∣∣∣ p1

)
= (hθ +Q1)−1 into equation (4.51) yields

(4.8).

In equilibrium, demand equals supply, that is, λDf1 + (1− λ)Du1 = x1. Substituting the

demands expressions (4.7) and (4.8), one gets

λrA1

[
θ − x̄

rhν+(rγ2)−1 − p1

]
+ (1− λ)r K1A1

K1+A1

[
Q1

K1
q1 − x̄

rhν+(rγ2)−1 − p1

]
= x1.

Using that q1 = θ̃ −B1(x̃1 − x) and rewriting yields

(
λrA1 + (1− λ)r K1A1

K1+A1

)
p1 =

(
λrA1 + (1− λ)r K1A1

K1+A1

Q1

K1

)
θ − (1− λ)r K1A1

K1+A1

Q1

K1
B1(x1 − x)

−
(
λrA1 + (1− λ)r K1A1

K1+A1

)
x̄

rhν+(rγ2)−1 − x1.
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Further rewriting yields

p1 =
λA1+(1−λ)

K1A1

K1+A1

Q1

K1

λA1+(1−λ)
K1A1

K1+A1

θ −
(1−λ)r

K1A1

K1+A1

Q1

K1
B1 + 1

r

λrA1+(1−λ)r
K1A1

K1+A1

(x1 − x)

−
λA1+(1−λ)

K1A1

K1+A1

λA1+(1−λ)
K1A1

K1+A1

(
x̄

rhν+(rγ2)−1 + x

r

(
λrA1+(1−λ)r

K1A1

K1+A1

)
)
.

Denoting H1 = λ
A−1

1

+ 1−λ
K−1

1 +A−1
1

, one can get the expression of p1 as in (4.5).

Note that the expression of p1 in equation (4.5) suggests that β1 =

λ

A−1
1

+ 1−λ
K−1

1 +A−1
1

Q1
K1

H1
and

δ1 =

1−λ
K−1

1 +A−1
1

Q1
rλA1K1

+ 1
r

H1
. Replacing β1 and δ1 with the above expressions into Q1 =

(
β1
δ1

)2

γ1

yields equation (4.12), with B1 = rλA1.

Proof of Lemma 4.2

In the bundled disclosure setting, p′3 = p′2 = θ + ν as θ and ν are publicly disclosed at

t = 2. Therefore, the second period payoff is 0 and investors are indifferent to any demand

D′i2. Given no information asymmetry across investors at t = 2, investors have the same

demand at t = 2, that is, D′f2 = D′u2. Together with the market clearing condition that

demand equals supply, we have equation (4.15).

At t = 1, investors maximize their expected utilities by determining the demand D′i1.

Note that investors anticipate that the second period payoffs equal 0.

For informed investors, the maximization problem is

maxD′f1 E
(
−exp

{
−1
r

[
(θ + ν̃ − p′1)D′f1

]}∣∣ θ, p′1) .
Taking expectation of ν yields

E
(
−exp

{
−1
r

[
(θ + ν̃ − p′1)D′f1

]}∣∣ θ, p′1)
=− exp

{
−1
r

[
(θ − p′1)D′f1 − 1

2rhν
(D′f1)2

]}
.
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The optimization problem is equivalent to

minD′f1 −
1
r

[
(θ − p′1)D′f1 − 1

2rhν
(D′f1)2

]
.

Taking first order condition of D′f1 yields

(θ − p′1)− 1

rhν
(D′f1) = 0.

Rewriting generates equation (4.16).

In a similar way, one derives for the uninformed investors demand satisfies equation

(4.17). For uninformed investors, the maximization problem is

maxD′u1 E
(
−exp

{
−1
r

[(
θ̃ + ν̃ − p′1

)
D′u1

]}∣∣∣ p′1) .
Taking expectation of θ and ν yields

Eθ̃,ν̃

(
−exp

{
−1
r

[(
θ̃ + ν̃ − p′1

)
D′u1

]}∣∣∣ p′1)
=Eθ̃

(
−exp

{
−1
r

[(
θ̃ − p′1

)
D′u1 − 1

2rhν
(D′u1)2

]}
|p′1
)

=− exp
{
−1
r

[
(E(θ|p′1)− p′1)D′u1 − 1

2rhν
(D′u1)2 − 1

2r
(D′u1)2var(θ|p′1)

]}
.

The optimization problem is equivalent to

minD′u1 −
1
r

[
(E(θ|p′1)− p′1)D′u1 − 1

2rhν
(D′u1)2 − 1

2r
(D′u1)2var(θ|p′1)

]
.

Taking first order condition of D′u1 yields

(E(θ|p′1)− p′1)− 1

rhν
(D′u1)− 1

r
(D′u1)var(θ|p′1) = 0.

Rewriting generates equation (4.17).

In equilibrium, demand equals supply, λD′f1 +(1−λ)D′u1 = x1. Substituting the demand
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expressions with (4.16) and (4.17) yields

λrA′1 [θ − p′1] + (1− λ)r
K′1A

′
1

K′1+A′1

[
Q′1
K′1
q′1 − p′1

]
= x1.

Using that q′1 = θ̃ −B′1(x̃1 − x) and rewriting yields

(
λrA′1 + (1− λ)r

K′1A
′
1

K′1+A′1

)
p′1 =

(
λrA′1 + (1− λ)r

K′1A
′
1

K′1+A′1

Q′1
K′1

)
θ−
(

(1− λ)r
K′1A

′
1

K′1+A′1

Q′1
K′1
B′1 + 1

)
(x1−x)−x

Denoting H ′1 = λ
(A′1)−1 + 1−λ

(K′1)−1+(A′1)−1 , one gets p′1 as in (4.14).

Proof of Proposition 4.1

For the unbundled disclosure setting, substituting the expression of H1 in (4.9) into the

cost of capital expression in (4.22) and rewriting, one can get

C = K1+A1+r2γ2hν(K1+λA1)
rA1(K1+λA1)

.

Similar for the bundled disclosure setting, substituting the expression of H ′1 in (4.18) into

the expression of C ′ in (4.47) and rewriting, one can get

C ′ =
K′1+A′1

rA′1(K′1+λA′1)
.

Using (4.10), (4.11), (4.19) and (4.20), and rewriting yield

C − C ′ = − γ2hν(1−λ)λr[γ1hνλr2(γ2hνr2+2)+1]
[hνλ(γ1hνλr2+1)+hθ][h2νλ

2r2γ2(γ2hνr2+1)2+hνλ(γ2hνr2+1)+hθ]
< 0.

Hence, C < C ′.
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Chapter 5

Short-term trading and asset prices: Is short-

term trading costly?
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5.1 Introduction

This paper investigates why long-horizon investors would trade in the short-run rather than

following a buy-and-hold strategy, how firms’ disclosure affects such short-term trading, and

what the implications are for stock prices.

Myopia of investors in capital markets has been put into spotlight in both regulatory and

political discussions over the past years. For instance, SEC commissioner Daniel Gallagher

expressed his concern that there seems to be a predominance of short-term thinking at the

expense of long-term investing in the market.1 Holding a similar view, the EU has amended

the Transparency Directive, abolishing the obligation to publish interim management state-

ment to encourage firm’s long-term investment.2 Moreover, Hillary Clinton has also voiced

a similar opinion.3 Such myopia of investors affects companies in various ways. CEOs sur-

veyed in Graham et al. (2006) are willing to give up long term gains for smooth short-term

earnings figures. Also companies (e.g., Dell, Spadel Group) sometimes choose to delist as

the market’s short term pressure hinders them in undertaking long term investments.

Even though the capital market pressure is considered to be one of the key necessities that

induces managerial myopia, theoretical explanations on the short-term market pressure is

limited. This paper aims to fill in the void in the literature by focusing on the capital market

side and studies what drives investors’ interests in the short-term stock price. Investors are

incentivized to exert short-term performance pressure on the firm only when they intend to

trade in the short-run. Committed investors who buy and hold firm shares for the long-

term can hardly be motivated to boost up short-term prices at the expense of long-term

value. Existing theoretical literature on myopic managerial decisions and short-term trading

of investors have mainly concentrated on exogenously assumed short-term trading and its

1See http://www.sec.gov/news/speech/activism-short-term trading-and-the-sec.html
2See ”Directive 2013/50/EU of the European Parliament and of the Council” for more details.
3See, for example, The Washington Post business section, July 24, 2015.
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(negative) consequences.4 The short-term trading in capital markets, however, can also

arise from investors with long-investment horizons.5 Explanations and implications of short-

term trading by long-horizon investors have rarely been discussed in the literature. This

paper endogenizes the trading horizon of investors by studying the short-term trading of

long-horizon investors in the market and the corresponding valuation implications on stock

price.

The paper employs a two-period, three-date noisy rational expectations equilibrium

model with three types of investors. First, so called long-horizon investors stay in the

market for both periods and can decide on whether to trade at the intermediate date. Sec-

ond, short-horizon investors only stay in the market for one period and sell their shares at

the end of that period. Finally, noise traders are present at each trading date. Investors

have private information either on the fundamental cash flow that will be publicly disclosed

at the end of the first period, or on the amount of noisy supply at the intermediate date.

Such heterogeneous private information structure captures the notion that some investors

are specialized at predicting fundamentals while other investors are specialized at predicting

short-term price.

The paper shows that the risk of noise trading drives long-horizon investors to start

trading the stock in the short term rather than following a buy-and-hold strategy. The noise

trading induces a negative correlation between the two periods stock returns. Since long-

horizon investors stay in the market for both periods, such negative correlation reduces their

noise trading risk from short-term trading. In a buy-and-hold strategy, long-horizon investors

would avoid the noise trading risk at the intermediate date. By engaging in short-term

4Gigler et al. (2014) analyses managerial myopic behavior by assuming that a fraction of investors must
sell their shares in the short-term. The consequences from short-term trading of investors include, but not
limited to, excess volatility and price deviation from fundamental value (De Long et al., 1990b), overreaction
to public information (Allen et al., 2006), and herding on non-fundamental information (Froot et al., 1992b).

5Chakrabarty et al. (2015) documents that over 99% of the institutional funds carry out short-term trades
that lasts less than three months. These short-term trades account for 23% of their aggregate trading volume.
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trading, long-horizon investors can share this noise trading risk with short-horizon investors

and earn a return for bearing this risk. The short-term trading by long-horizon investors

thus leads to a better allocation of the total investment risk in the market and decreases the

firm’s ex ante cost of capital. Also long-horizon investors only expect to perform short-term

trading when there is a positive fraction of short-horizon investors in the market. Without

short-horizon investors, long-horizon investors expect to follow the buy-and-hold strategy.

The lower the fraction of short-horizon investors in the market, the smaller the short-term

trades of long-horizon investors.

Moreover, short-term trading of long-horizon investors increases when the firm provides

earnings guidance on the short-term cash flow, but decreases when the firm provides guid-

ance on the long-term cash flow. This is because the information content of the earnings

guidance affects the relative importance of the noise trading risk in the intermediate date

stock price. When the firm provides guidance on the short-term cash flow, investors get

additional information on the short-term cash flow and thus bear less cash flow risk. As a

result, the noise trading risk becomes more important in the stock price. This increases the

need to share the noise trading risk between long-horizon and short-horizon investors and

hence increases the short-term trading of long-horizon investors. Contrarily, when the firm

provides guidance on the long-term cash flow, the residual uncertainty about the long-term

cash flow goes down. Such lower residual uncertainty also reduces the influence of noise

trading on the intermediate date stock price. It then decreases the need to share the noise

trading risk among investors and lowers the short-term trading of long-horizon investors.

The paper further demonstrates that having private information on the short-term cash

flow increases the expected short-term trading of long-horizon investors. For long-horizon

and short-horizon investors who are endowed with private information on the short-term

cash flow, the expected short-term trading of long-horizon investors is always higher than

the expected short-term trading of short-horizon investors. Such short-term trading by

131



long-horizon investors, however, offers a potential pricing benefit by improving the price

informativeness on the short-term cash flow. The results show that the short-term trades of

long-horizon investors always lead to a higher price informativeness on the cash flow than

the trades of short-horizon investors.

The paper contributes to the literature in several aspects. First of all, it offers new

insights on the short-term trading of investors. Previous literature usually concentrates on

exogenously assumed short-term trading (e.g. Allen et al., 2006; Cespa and Vives, 2015;

Chen et al., 2014; Gao, 2008; among others). This paper endogenizes the short-term trading

of investors by analyzing the short-term trades of long-horizon investors, as these investors

can choose between trading in the short-term and trading in the long-term. Such short-term

trading arises from the risk sharing incentive in the capital market. The results provide two

pricing benefits of short-term trading by long-horizon investors, including lowering firm’s

ex ante cost of capital and increasing price informativeness on the fundamental cash flow.

These results highlight the importance of differentiating the short-term trading by investors

with different investment horizons when testing its pricing implications. Moreover, the paper

provides an explanation on why and how the firm has an influence on the short-term trading

of investors through its disclosure policy.6

Secondly, it adds to the literature on the interaction among heterogeneous investors. The

interaction studied in the existing literature mainly relates to the heterogeneous information

of investors (e.g. Ganguli and Yang, 2009; Goldstein and Yang, 2015; Hong and Stein,

1999; among others). This paper investigates the interaction among investors with different

investment horizons and discusses the pricing implications from such an interaction.7 It

leads to the short-term trading of long-horizon investors, which improves the risk sharing in

6A recent study by Brochet et al. (2015) has shown that managers focusing on the short-term performance
in the conference calls carry out more earnings and real activities management.

7Kondor (2012) also includes investors with heterogeneous investment horizons in the model. But the
interaction among investors mainly arises from the heterogeneous private information rather than the het-
erogeneous investment horizons of investors.
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the market. Besides, the results also show that investors’ investment horizon does matter

for their trading strategy, as well as for the firm’s stock price. Long-horizon investors facing

less noise trading risk expect to trade more aggressively than short-horizon investors. Long-

horizon investors also reduce the required risk compensation in stock price.

Thirdly, it contributes to our understanding of non-fundamental noise in the market.

Noisy supply of shares are usually included in rational expectations equilibrium models

to prevent stock prices from fully revealing private information of investors. This paper

emphasizes that noise traders also affect the short-term trading of investors in the market.

The results indicate that short-term trading of long-horizon investors increases with the

uncertainty about the magnitude of noise trading in the market and disappears in the absence

of it.

The remainder of this paper is organized as follows. Section 5.2 discusses the related

literature. After introducing the model and presenting the equilibrium analyses in Section

5.3, Section 5.4 analyzes the determinants of short-term trading of long-horizon investors

with and without private information of investors, and discusses the implications on stock

price. Section 5.5 provides implications on how disclosure affects short-term trading of long-

horizon investors. Section 5.6 discusses the empirical implications of the model and Section

5.7 concludes.

5.2 Related literature

The paper mainly relates to two streams of literature. First, the paper builds on the short-

term trading literature by endogenizing the trading horizon of investors. Previous literature

on short-term trading of investors mainly analyzing the consequences of exogenously assumed

short-term trading. For instance, Froot et al. (1992b) shows how short-horizon investors can

lead to the herding behavior on non-fundamental information; Chen et al. (2014) suggests
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that public information can decrease price informativeness in a market with asymmetrically

informed short-horizon investors; Fischer et al. (2015) characterizes how price level and

price volatility vary over time, depending on the beliefs of short-horizon investors; last but

not least, Cespa and Vives (2015) discusses the multiple stable equilibria with exogenous

short-term trading and persistent noise trading in the market. The common mechanism

in such exogenous short-term trading setting is that the current and future generations of

investors try to anticipate each other’s beliefs, which leads to the coordination issue in the

market. Differently, my study focuses on analyzing the endogeneized short-term trading of

long-horizon investors and its pricing implications.

A related paper by Cespa and Vives (2012) also studies the short-term trading of long-

horizon investors and its implications on price efficiency. In Cespa and Vives (2012), short-

term trading is driven by the persistent noise trading in the market. When the market

is absent of such persistency, long-horizon investors always follow the buy-and-hold strat-

egy. My paper provides a different explanation for the short-term trading of long-horizon

investors. It is driven by the risk sharing incentive between long-horizon and short-horizon

investors. In my setting, short-term trading of long-horizon investors exists even without

persistent noise trading in the market.

Second, the paper extents the literature on investment horizon of investors (e.g. Cella

et al., 2013; Derrien et al., 2013; Gaspar et al., 2005) and examines the interaction between

short-horizon and long-horizon investors in the market. Another study that also considers

different investment horizons of investors in the model is Kondor (2012). The author analyzes

how public information affects investors’ disagreement when investors have heterogeneous

investment horizons and also heterogeneous private information on firm’s fundamentals. The

interaction between long-horizon and short-horizon investors in his model mainly comes from

different private information of investors, whereas the interaction in my model only stems

from the different investment horizons of investors.
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5.3 Model

5.3.1 Setup

The paper employs a two-period three-date noisy rational expectations equilibrium model

with one firm and a perfectly competitive capital market. The firm’s risky stocks and a risk

free asset are traded in the market at both dates t = 1 and t = 2. The return of the risk free

asset is normalized to zero. The firm’s risky stocks distribute a per share random payoff ũ to

investors at date t = 3. Investors know that the random payoff ũ consists of two independent

components,

ũ = ũ1 + ũ2,

where ũ1 ∼ N(u, 1
h1

) and ũ2 ∼ N(u, 1
h2

). The firm publicly discloses u1 at date t = 2 before

investors trade in the market.8 ũ2 represents the residual payoff uncertainty and is only

known to investors at date t = 3. The structure of the random payoff ũ can be interpreted

in several ways. For instance, ũ1 and ũ2 can represent two consecutive quarterly earnings.

They can also be interpreted as the payoff from two projects, where ũ1 is the payoff from a

short-term project and ũ2 is the payoff from a long-term project.

The market features one generation of long-horizon investors and two generations of short-

horizon investors.9 The fraction of long-horizon investors is λ, the value of which is constant

over time. Long-horizon investors exist in the market for two periods and are allowed to

trade at t = 1 and t = 2. Short-horizon investors exist in the market for only one period and

transfer their ownership to other investors through trading at the end of the period. There

8Perfect disclosure of u1 ensures tractability of the model. Tractability issues of the dynamic rational
expectations equilibrium model with long-horizon investors have been discussed in Gao (2008), Allen et al.
(2006), Brown and Jennings (1989) and Kondor (2012).

9Introducing the second generation of short-horizon investors ensures that the total risk tolerance in the
market remains the same across time, so that changes of the risk tolerance do not drive the results.
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are at least two reasons for the short-horizon of investors. First, the short-horizon may arise

from the short-term maturity of their liabilities. For instance, mutual funds subject to large

short-term redemptions are limited to short-term investments (Derrien et al., 2013; Warren,

2014). Second, the agency issue between investors and fund managers may also induce

short-horizon investments (Allen and Gorton, 1993). We assume that investor i ∈ [0, 1] is

risk averse with CARA utility function

U(Wi) = −e−
Wi

r ,

where r is the risk tolerance level and Wi is investor’s final wealth.10

Following the literature, the paper uses noisy supplies of the risky stock to represent

forces that affect stock price but are independent of rational trading (e.g., Allen et al., 2006;

Cespa and Vives, 2015). It can be interpreted as the market sentiment or the trading by

investors who have no access to inside information but irrationally act on noise as if it were

information (Banerjee et al., 2015; De Long et al., 1989, 1990a; Marmora and Rytchkov,

2015; Shleifer and Summers, 1990). Such noisy supply is commonly used in trading models

to prevent prices from fully revealing the private information of investors. It can also exist

in the market even if investors have no private information (De Long et al., 1989, 1990a).

The random per capita supply of the risky stock at date t is x̃t, with x̃t ∼ N(x̄, 1
γ t

).11 The

noisy supplies are independent of each other as well as all other signals.

Before trading at t = 1, investors privately observe one of two pieces of private infor-

mation in the market: the cash flow u1 or the date t = 2 noisy supply x2. Assuming that

investors have only one piece of private information captures two aspects of investors’ private

information structure. First of all, investors can have different private information. Secondly,

10Given that the initial non-random endowments do not affect the equilibrium, we assume that investors’
initial endowments equal zero for simplicity.

11These noise traders are different from short-horizon investors in the model, as the former group trades
an exogenous amount of shares, while the latter group determines their share demands to maximize their
expected utility.
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there exists bounded rationality of investors. They are able to learn a limited amount infor-

mation within a short period of time (Froot et al., 1992b; Hong and Stein, 1999). This is also

consistent with Hayek’s view that individuals cannot process all price relevant information

and the important function of price is aggregating the dispersed information among individ-

uals (Goldstein and Yang, 2015).12 Specifically, we assume that the fractions of long-horizon

investors privately informed about u1 and x2 are al and 1− al, respectively; the fractions of

short-horizon investors privately informed about u1 and x2 are as and 1 − as, respectively.

Such heterogeneous private information captures the notion that investors can specialize in

predicting either the firm’s fundamental value or next period stock price that is driven by

noise trading rather than fundamental value. Private information of the future noisy sup-

ply x2 can come from investors’ skills of predicting market sentiment or from information

intermediaries in the market.13

5.3.2 Equilibrium analysis

Under the CARA-normal distribution framework, a rational expectations equilibrium con-

sists of investors’ demand function and the equilibrium stock prices. Investors maximize

12When investors know both u1 and x2 at t = 1, investors can perfectly anticipate the stock price p2 at
t = 1. Therefore, the assumption that investors have one piece of private information reflects the notion
that no investor can fully anticipate the future stock price. For large institutional investors, they may have
private information about both the fundamental cash flow and non-fundamental noises, but it is still likely
to be the case that they cannot perfectly anticipate the future stock price. An alternative model structure
can be assuming that some investors have private information on both u1 and x2 and the stock price p2 is
influenced by another noise x3, which is independent of all other random variables. I expect that the key
implications would still hold in this alternative setting.

13Information on noisy supply may be generated by sentiment-oriented traders, or analysts who track
anecdotal sentiment. Cheynel and Levine (2012) models the impact of analysts selling private information
on liquidity traders and suggests that Schaeffer’s investment research maintains analysts tracking sentiment
information. As a supporting empirical evidence, Bagnoli et al. (2009) finds that analysts’ recommendations
contain a component on investor sentiment. Ganguli and Yang (2009) lists the other sources to collect
information on share supply in the market, including the information kept by investment banks on firm’s
float and information from dealers with access to order books. Implication of this assumption has been
explored by Back (1992), Rochet and Vila (1994), Yu (1999), Guo and Ou-Yang (2015) and Madrigal (1996)
in Kyle (1985) setting and by Ganguli and Yang (2009), Li and Sun (2012) and Banerjee et al. (2015) in
Grossman and Stiglitz (1980) setting.
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their expected utility conditional on their private information and information reflected in

stock price. Also the market clears at the respective date.

We solve for the equilibrium by backward induction. Denote the equilibrium price at

date t as pt, the demand of long-horizon and short-horizon investors at date t with private

information f ∈ {u1, x2} as Df
lt and Df

st, respectively. To simplify notation, f is omitted

when the demand does not depend on the private information.

After the public disclosure on u1 at t = 2, the only uncertainty left in the market is the

value of the cash flow ũ2. At t = 2, both long-horizon investors and the second generation

of short-horizon investors exist in the market for one period. Therefore, their second period

demand follows the standard mean-variance structure. Without private information on ũ2,

all investors equally share the risk of ũ2 in the market.

Lemma 5.1 At t = 2, the demand of long-horizon and short-horizon investors equal

Dl2 = Ds2 = rh2 (u1 + u− p2) = x2, (5.1)

while the equilibrium price p2 equals

p2 = u1 + u− x2

rh2

. (5.2)

Note that the public disclosure of u1 eliminates investors’ information asymmetry on u1.

Also there is no information asymmetry on x2 at t = 2, as investors can perfectly infer the

value of x2 by observing the stock price p2. Thus, all investors have the same demand at

t = 2.

At t = 1, the equilibrium demand differs between the long-horizon investors and the

first generation of short-horizon investors, as the long-horizon investors maximize the sum

of payoffs from two periods while the first generation short-horizon investors only maximize
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the payoffs from the first period. The final wealth of long-horizon investors is

W̃ f
l1 = (p̃2 − p1)Df

l1 + (ũ− p2)D̃12,

while the final wealth of the first generation of short-horizon investors is

W̃ f
s1 = (p̃2 − p1)Df

s1.

Following the literature, we focus on the linear equilibria. Conjecture the share price p1

follows the linear function:

p1 = α1 + β1ũ1 + ω1x̃2 − δ1(x̃1 − x)− ψ1x. (5.3)

Stock price p1 aggregates investors’ private information on both u1 and x2. As investors

have different private information, they derive different information from stock price p1.

Investors who know u1 would infer the value of x̃2 from p1. Denote their price signal as

q1u1 =
p1 − α1 − β1u1 + ψ1x

ω1

= x̃2 −
δ1

ω1

(x̃1 − x), (5.4)

and the precision of q1u1 as

Q1u1 =
(
ω1

δ1

)2

γ1. (5.5)

Similarly, investors who know x2 would infer the value of ũ1 from p1. Denote their price

signal as

q1x =
p1 − α1 − ω1x2 + ψ1x

β1

= ũ1 −
δ1

β1

(x̃1 − x), (5.6)

and the precisions of q1x as

Q1x =
(
β1
δ1

)2

γ1. (5.7)

Therefore, the date t = 1 information set of investors with private information on u1 is
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F1u1 = {u1, q1u1}, while the date t = 1 information set of investors with private information

on x2 is F1x2 = {x2, q1x}.

In equilibrium, both long-horizon and short-horizon investors maximize their expected

utility conditional on their information set. The demand of the first generation of short-

horizon investors at t = 1 is equivalent to the standard one-period result,

Df
s1 = r

E(p2|F1f )− p1

var(p2|F1f )
,

where E(·|·) and var(·|·) denote the conditional mean and conditional variance of the vari-

able. Short-horizon demand depends on the conditional mean and variance of their payoffs

p̃2.

In contrast, long-horizon investors’ demand not only depends on the first period payoff

p̃2 − p1, but it also depends on the correlation between ũ − p̃2 and p̃2 − p1. See Appendix

for detailed proofs of the demand functions. The equilibrium result at t = 1 is summarized

below.

Proposition 5.1 At t = 1, the equilibrium demands of investors equal

Du1
l1 = r

[
h2 + r2h2

2(γ2 +Q1u1)
] [
u1 + u− 1

rh2

γ2x+Q1u1q1u1

γ2 +Q1u1

− p1

]
+
γ2x+Q1u1q1u1

γ2 +Q1u1

,

(5.8)

Dx2
l1 = r (h1 +Q1x)

[
h1u+Q1xq1x

h1 +Q1x

+ u− x2

rh2

− p1

]
, (5.9)

Du1
s1 = r

(
r2h2

2(γ2 +Q1u1)
) [
u1 + u− 1

rh2

γ2x+Q1u1q1u1

γ2 +Q1u1

− p1

]
, (5.10)

Dx2
s1 = r (h1 +Q1x)

[
h1u+Q1xq1x

h1 +Q1x

+ u− x2

rh2

− p1

]
, (5.11)

while the equilibrium price p1 is as conjectured in (5.3), with

α1 = u+
H1x

H1

h1

h1 +Q1x

u,

β1 =
1

H1

(
H1u +H1x

Q1x

h1 +Q1x

)
,
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ω1 = − 1

H1

[
H1u

rh2

Q1u1

γ2 +Q1u1

+
H1x

rh2

− λal
Q1u1

γ2 +Q1u1

]
,

δ1 =
1

H1

[
H1x

Q1x

h1 +Q1x

δ1

β1

− H1u

rh2

Q1u1

γ2 +Q1u1

δ1

ω1

+ λal
Q1u1

γ2 +Q1u1

δ1

ω1

+ 1

]
,

ψ1 =
1

H1

[
1 +H1u

1

rh2

γ2

γ2 +Q1u1

− λal
γ2

γ2 +Q1u1

]
,

H1u = λalr
[
h2 + r2h2

2(γ2 +Q1u1)
]

+ (1− λ)asr
[
r2h2

2(γ2 +Q1u1)
]
,

H1x = [λ(1− al)r + (1− λ)(1− as)r] (h1 +Q1x),

H1 = H1u +H1x,

and q1u1, q1x, Q1u1 and Q1x are as defined in equations (5.4) - (5.7).

The above equilibrium characterizes a general form where the private information of

investors include both u1 and x2, hence, the equilibrium price p1 reflects both the fundamental

cash flow u1 and the next period noise trading x2. Varying the value of al and as, we can

get two extreme equilibria where investors only have private information on either u1 or x2

and the price only reflects either one of the two elements. Specifically, when al = 1 and

as = 1, all investors in the market have private information on u1. In this case, β1 = 1

and ω1 = 0, the equilibrium price p1 depends on u1 and the prior expectation of x2. In

contrast, when al = 0 and as = 0, investors only have private information on x2. The pricing

coefficients become β1 = 0 and ω1 = − 1
rh2

. Hence, the equilibrium price p1 is determined

by x2 and the prior expectation of u1. In both extreme cases, investors have the same

perfect private information, so the equilibrium price p1 does not provide new information

to investors. Their private information reduces their payoff uncertainty and allows them to

exploit the noise traders.

In the general equilibrium with al ∈ (0, 1) and as ∈ (0, 1), price p1 increases in u1 and
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decreases in x2.14 A higher value of x2 would reduce p1 because a larger x2 would drive down

the equilibrium price p2 and thus the payoff from trading in the short-run. This translates

into the lower equilibrium price p1 at t = 1.

5.4 Short-term trading of long-horizon investors

To investigate the short-term trading of investors, the following analyses mainly concentrates

on the first period trading behavior of long-horizon investors. The focus lies on the long-

horizon investors rather than the short-horizon investors as only the former group has the

discretion to trade over both the short-run and the long-run, whereas the latter group has

to liquidate their positions in the short-run by assumption.

Long-horizon investors have two opportunities to profit from trading the shares, one is

by trading at the intermediate date t = 2, the other one is by holding the shares until the

firm distributes the cash flow at t = 3. Hence, the first period demand of long-horizon

investors consists of the short-term demand that investors expect to trade at date t = 2 and

the buy-and-hold demand that investors expect to hold until date t = 3.

To qualify as buy-and-hold demand, the shares must be held by investors for both periods.

Therefore, only min
[
E(D̃l1), E(D̃l2)

]
can be treated as the buy-and-hold demand of long-

horizon investors.15 Their short-term demand is the expected demand change from the first

period to the second period, that is, the short-term demand of long-horizon investors equals

E(D̃l1 − D̃l2).

To capture the extent that long-horizon investors focus on short-term trading, we define

the short-term trading ratio ∆ of long-horizon investors as the short-term demand relative

14Simple algebra in the Appendix shows that β1 > 0 and ω1 < 0.
15We use E(Dl2) rather than D̃l2 because at t = 1, investors are uncertain about p̃2 and thus D̃l2. They

can only form expectations of p̃2 and the second period demand D̃l2. Using E(Dl1), the defined buy-and-hold
demand is equivalent to long-horizon investors’ expected buy-and-hold demand before they observe the stock
price p1. Such expected buy-and-hold demand simplifies the analyses as it is not influenced by the realized
value of x̃1.
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to the expected first period demand, that is,

∆ =
E(D̃l1 − D̃l2)

E(D̃l1)
.

Based on the defined short-term trading ratio, the analyses below investigate how short-

horizon investors, noisy supply and the private information affect the short-term trading of

long-horizon investors.

5.4.1 No private information of investors

To better understand the interaction between long-horizon and short-horizon investors, and

the forces that drive long-horizon investors to trade in the short-run, we start the analysis

with the special case of no private information of investors.

Market equilibrium without private information

The equilibrium analysis is similar as before. The differences are without private information,

long-horizon investors all have the same demand, short-horizon investors all have the same

demand, and the equilibrium price p1 only reflects investors’ prior expectation of u1 and x2.

This is a special case of the previous setting, with the precision of the private information

equals zero. The equilibrium demands and prices are summarized in the corollary below.

Corollary 5.1 Without private information of investors, there exists a unique linear equi-

librium where the equilibrium demands of long-horizon and short-horizon investors equal

Dl2 = Ds2 = rh2 (u1 + u− p2) = x2, (5.12)

Dl1 = r
h1 (h2 + r2h2

2γ2)

h1 + h2 + r2h2
2γ2

[
2u− x

rh2

+
x

r(r2h2
2γ2 + h2)

− p1

]
, (5.13)

Ds1 = r
h1r

2h2
2γ2

h1 + r2h2
2γ2

(
2u− x

rh2

− p1

)
, (5.14)
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the equilibrium prices equal

p2 = u1 + u− x2

rh2

, (5.15)

p1 = 2u− x

rh2

− 1

H1

[
x1 −

λh1

h1 + h2 + r2h2
2γ2

x

]
, (5.16)

with

H1 = λr
h1 (h2 + r2h2

2γ2)

h1 + h2 + r2h2
2γ2

+ (1− λ)r
h1r

2h2
2γ2

h1 + r2h2
2γ2

.

Under the CARA-normal distribution framework, investors’ demands are determined by

the value of their expected final payoffs and the variance of the corresponding final payoffs.

Denote the variance of long-horizon and short-horizon investors’ corresponding final payoffs

at t = 1 as V AR(Wl) and V AR(Ws), respectively. The equilibrium demand functions (5.13)

and (5.14) suggest that

V AR(Wl) =

[
h1 (h2 + r2h2

2γ2)

h1 + h2 + r2h2
2γ2

]−1

=
1

h1

+

(
1

rh2

)2(
1

r2h2

+ γ2

)−1

,

V AR(Ws) =

[
h1r

2h2
2γ2

h1 + r2h2
2γ2

]−1

=
1

h1

+

(
1

rh2

)2
1

γ2

.

For both long-horizon and short-horizon investors, this variance consists of two parts: the

cash flow risk of ũ and the noisy supply risk of x̃2. For the cash flow risk, cash flow ũ1 is

publicly disclosed at t = 2, so all investors bear its risk 1
h1

during the first period. ũ1 is

perfectly reflected in p2, so it generates no return for the second period. Cash flow ũ2 is

publicly disclosed until date t = 3. Therefore, investors only directly share this cash flow

risk 1
h2

in the second period and demand the risk compensation at t = 2. The required risk

compensation 1
rh2
x2 in p2 also depends on the value of noisy supply at t = 2. r is the risk

tolerance of investors, 1
h2

is the risk in each share at t = 2 and x2 is the total number of

shares in the market at t = 2. This also implies that the cash flow risk 1
h2

determines the
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extent to which x2 can influence the stock price p2. The value of x2 has a larger influence on

p2 when 1
h2

is high and thus the risk of ũ2 is high. As the value of x̃2 is uncertain at t = 1,

investors face the noisy supply risk when trading the shares at t = 2. Such noisy supply risk

is high when the variance 1
γ2

of x̃2 is high or when the cash flow risk 1
h2

of ũ2 is high.

When performing short-term trading, investors with different investment horizons face

the same cash flow risk of u1, but different noisy supply risk of x2, even though both u1 and x2

are perfectly revealed to investors after the public disclosure of u1 at t = 2. The noisy supply

risk is lower for long-horizon investors than for short-horizon investors. The reason is that

the noisy supply x̃2 induces a negative correlation between the first period return p2−p1 and

the second period return p3 − p2. Short-horizon investors do not benefit from this negative

correlation as their wealth Ds1(p2 − p1) only depends on the first period return p2 − p1. In

contrast, the wealth of long-horizon investors equals Dl1(p2− p1) +Dl2(p3− p2) and includes

the return of both periods. The negative correlation in returns thus reduces the noisy supply

risk for long-horizon investors. Note, however, that long-horizon investors only benefit from

this negative correlation when they engage in short term trading. To see this, observe that

one can write long-horizon investors’ wealth as (Dl1−Dl2)(p2−p1)+Dl2(p3−p1). When they

follow a buy-and-hold strategy, i.e., Dl1 = Dl2, their wealth reduces to Dl1(p3− p1) and thus

investors do not benefit from the negative correlation between p2 − p1 and p3 − p2. Hence,

the risk of noisy supply x2 for long-horizon investors, captured by
(

1
rh2

)2 (
1

r2h2
+ γ2

)−1

, is

smaller than the risk of x2 for short-horizon investors, captured by
(

1
rh2

)2
1
γ2

. This leads to

the aggressive demand of long-horizon investors at t = 1.

Besides, long-horizon investors have the opportunity to hold the shares for the second

period. Therefore, they can avoid the risk of x̃2 by anticipating the number of shares they

need to hold for the second period and purchase these shares at t = 1. This is captured

by the term x
r(r2h22γ2+h2)

in equation (5.13). Such buy-and-hold demand further increases

long-horizon investors’ demand at t = 1.
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Corollary 5.2 In the linear equilibrium without private information of investors, it always

holds that E(D̃l1) > x > E(D̃s1).

The different expected first period demands indicate that long-horizon and short-horizon

investors do not equally share the risks in the market at t = 1. This is different from the

traditional result in the literature that without information asymmetry, investors equally

share the risk in the market. In this case, long-horizon investors with aggressive demand

bear more risks at t = 1 than short-horizon investors.

Short-term trading of long-horizon investors

Since E(Dl2) = x and Corollary 5.2 implies E(Dl1) > x, the expected buy-and-hold demand

of long-horizon investors equals

min
[
E(D̃l1), E(D̃l2)

]
= E(D̃l2) = x,

and the expected short-term demand of long-horizon investors equals E(D̃l1)− x > 0, that

is, long-horizon investors expect to sell a positive number of shares at t = 2. Also, we have

∆ = 1− x

E(D̃l1)
. (5.17)

Corollary 5.3 The short-term trading of long-horizon investors strictly decreases in λ and

limλ→1 ∆ = 0.

Corollary 5.3 implies that having short-horizon investors in the market is a necessary

condition to induce the short-term trading of long-horizon investors. Without short-horizon

investors, long-horizon investors behave as buy-and-hold investors in the market. When

0 < λ < 1, long-horizon investors always have positive expected short-term demands at date

t = 1. As long-horizon investors are subject to lower risk from noise trading x̃2 at t = 1 than

the first generation of short-horizon investors, long-horizon investors would thus trade at the

146



intermediate date to share the noise trading risk with the first generation of short-horizon

investors. The lower the fraction of short-horizon investors in the market, the lower the total

amount of noise trading risk borne by short-horizon investors, so that less risk sharing is

needed. This decreases the short-term trading of long-horizon investors.

Facing lower risk of x̃2, long-horizon investors would require lower risk compensation than

short-horizon investors and hence decrease the risk premium in stock price p1. Therefore,

the risk premium in p1 decreases in the fraction of long-horizon investors in the market.

Corollary 5.4 The ex-ante cost of capital E(u− p1) at t = 1 decreases in λ.

This result is in contrast to one of the explanations proposed by Froot et al. (1992a) on

how short term trading of investors can lead to managerial myopia. Froot et al. (1992a)

suggests that with more short-term trading of investors, stock price may react to both

information on fundamentals and non-fundamental factors, leading to higher volatility of

stock price, and thus a higher cost of capital to fund the long-term investments. Corollary

5.4 indicates that short-term trading of long-horizon investors can improve risk sharing in

the market, decrease the cost of capital and facilitate fund raising for investment.

Corollary 5.5 The short-term trading of long-horizon investors decreases in γ2 and h2, with

limγ2→+∞∆ = 0.

A higher value of γ2 and thus a lower risk of the noisy supply would reduce the risk of

trading at t = 2. This decreases the needs to share the noise trading risk between long-

horizon and short-horizon investors, which decreases the short-term trading of long-horizon

investors. When x2 is perfectly known, all investors equally share the risk in the market at

both t = 1 and t = 2. Long-horizon investors does not perform short-term trading in this

case, as the expected demands stay the same between two periods.
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Similarly, a higher value of h2, which implies a lower cash flow risk of ũ2, reduces the

extent to which x2 can influence the stock price p2. This decreases the noise trading risk and

thus the short-term trading of long-horizon investors.

Note that the factors driving short-term trading of long-horizon investors are different

from the factors proposed by Cespa and Vives (2012). In Cespa and Vives (2012), short-

term speculation exists only when there is persistent noise trading. In my model, short-term

speculation is driven by the risk sharing incentive between long-horizon and short-horizon

investors. Therefore, it exists even with transient noise trading in the market.

5.4.2 Heterogeneous private information of investors

The following analyses focus on how private information affects the short-term trading of

long-horizon investors.

Private information affects long-horizon investors’ buy-and-hold demand and short-term

demand at t = 1 in two ways. On the one hand, private information reduces investors’ payoff

risks. We name it the risk reduction effect. On the other hand, private information predicts

the level of investors’ payoffs. We name it the valuation effect. We first concentrate on

the risk reduction effect by analyzing long-horizon investors’ expected demand before they

observe their private information. We then study the valuation effect by investigating how

long-horizon investors’ demand changes with the value of their private information.

Investors can be privately informed about either ũ1 or x̃2. For long-horizon investors who

privately observe the cash flow u1, their demand function in equation (5.8) suggests that

E(D̃u1
l1 ) > x = E(D̃u1

l2 ). Therefore, their buy-and-hold demand equals

min
[
E(D̃u1

l1 ), E(D̃u1
l2 )
]

= E(D̃u1
l2 ) = x,
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and their short-term demand equals

E
[
D̃u1
l1 − E(D̃l2|F1u1)

]
= E

(
r [h2 + r2h2

2(γ2 +Q1u1)]
[
u1 + u− 1

rh2

γ2x+Q1u1q1u1
γ2+Q1u1

− p1

])
.

(5.18)

In this case, long-horizon investors have a positive expected short-term demand at t = 1

and they expect to liquidate these extra shares at t = 2. Expected short-term trading of

long-horizon investors is always larger than the expected trading of short-horizon investors

because of the same argument as before. When both long-horizon and short-horizon investors

have private information on u1, they only bear the risk of noisy supply x̃2 when trading in

the short-run. Since long-horizon investors face less risk of the noisy supply x̃2 than short-

horizon investors, long-horizon investors trade more aggressively at t = 1, leading to their

larger short-term trading.

Corollary 5.6 When investors privately observe u1, the expected short-term trading of long-

horizon investors is always larger than the expected trading of short-horizon investors, that

is, E
[
D̃u1
l1 − E(D̃l2|F1u1)

]
> E

(
D̃u1
s1

)
.

The result is in contrast to the common intuition of blaming short-horizon investors for

short-term trading in the market. It suggests that when there is private information in

the market about the short-term fundamental cash flow, long-horizon investors expect to

trade a larger number of shares in the short-run than short-horizon investors. It highlights

the importance of empirically differentiating the concept of investment horizon and trading

horizon of investors. Investors with a long investment horizon can engage in a significant

amount of short-term trading. Besides, long-horizon investors earn higher expected payoffs

from short-term trading than short-horizon investors. Both long-horizon investors and short-

horizon investors earn the same per share payoff by purchasing the shares at the same price

p1 and selling these shares at the price p2. The larger amount of expected short-term trading

of long-horizon investors therefore leads to their higher expected payoffs.
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For long-horizon investors who privately observe the date t = 2 noisy supply x2, they can

anticipate their second period demand Dx2
l2 , which equals x̃2. Therefore, their buy-and-hold

demand equals

min
[
E(D̃x2

l1 ), E(D̃x2
l2 )
]

= min
[
E(D̃x2

l1 ), x
]
,

and their short-term demand equals

E
[
D̃x2
l1 − E(D̃l2|F1x2)

]
= E

(
r (h1 +Q1x)

[
h1u+Q1xq1x

h1 +Q1x

+ u− x2

rh2

− p1

]
− x2

)
.

Note that long-horizon investors’ demand function in (5.9) is the same as the demand

function of short-horizon investors with private information on x2 in (5.11). This is because

when long-horizon investors perfectly observe the noisy supply at t = 2, the two trading

periods become independent of each other. Note that x̃2 determines the payoffs of both

periods. The uncertainty of x̃2 can thus induce a negative correlation in the payoffs from

two periods. When investors perfectly observe x2, the second period payoffs become constant

and hence do not influence investors’ first period trading strategy. Therefore, long-horizon

investors with private information on x2 follow the same trading strategy at t = 1 as short-

horizon investors with private information on x2. When determining the first period demand,

investors only maximize the first period payoffs. In this case, long-horizon investors may not

always have a positive short-term demand at t = 1.

Corollary 5.7 Long-horizon investors with private information on x̃2 expect to sell a posi-

tive amount of shares at t = 2 when

as(1− λ)(h1 +Q1x − h2
2(γ2 +Q1u1)r

2)− alh2λ(1 + h2(γ2 +Q1u1)r
2) > 0;

otherwise, they expect to purchase a positive amount of shares at t = 2.

In this case, long-horizon investors who privately know x2 do not face any risk of x̃2, while
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investors without private information on x̃2 do. Hence, from efficient risk sharing perspective,

it is optimal to let all investors with private information on x2 own all the shares at t = 1

and carry out the short-term trades at t = 2. The argument reverses for the risk of ũ1. The

optimal risk sharing on ũ1 can be achieved by letting all investors with private information

on ũ1 own the shares at t = 1 and trade the shares at t = 2. As risks of both ũ1 and x̃2

determine the equilibrium price p2, which group of investors would trade more aggressively

depends on which one of these two risks dominates. When the stock price p1 provides more

information on ũ1 relative to x̃2, that is, when h1 + Q1x is relatively high and γ2 + Q1u1 is

relatively low, the risk of x̃2 dominates. This leads to the higher demand of long-horizon

investors with private information on x2. These investors have positive short-term demand

at t = 1 and are expected to sell these extra shares to the second generation of short-horizon

investors at t = 2.

This is also contrary to the common intuition that investors focusing on the short-term

stock price tend to perform aggressive short-term trades. The above results suggest that com-

pared with having private information on the fundamental cash flow, long-horizon investors

with private information on the non-fundamental component of the short-term stock price

may even reduce their short-term trades. Having the same private information on the noisy

supply also reduces the competitive advantage of long-horizon investors. Long-horizon and

short-horizon investors privately observing x̃2 have the same expected short-term demand

and thus the same expected payoffs from short-term trading.

Moreover, existing literature on managerial myopia always assumes that the manager

strategically increases the short-term stock price. The above result suggests that when the

short-term cash flow ũ1 is highly uncertain, long-horizon investors without private informa-

tion on ũ1 would postpone part of their demand until ũ1 is disclosed. As these investors

expect to purchase a positive amount of shares at the stock price p2, they would like this

short-term stock price p2 to be low. Therefore, these investors would have the incentive to
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decrease the short-term stock price instead of increasing it.

Next, to analyze how the value of private information affects the short-term trading of

long-horizon investors, we follow Goldstein and Yang (2015) and define trading intensity16

of long-horizon investors as

Ifl1 =
∂Df

l1(f, p1)

∂f
, (5.19)

where f ∈ {u1, x2}.

For long-horizon investors with private information on u1,

Iu1l1 =
∂Du1

l1 (u1, p1)

∂u1

= rM − M

h2

∂E(x2|q1u1)

∂u1

+
∂E(x2|q1u1)

∂u1

, (5.20)

with M = h2 +r2h2
2(γ2 +Q1u1). The term rM− M

h2

∂E(x2|q1u1 )

∂u1
captures the effect of private

information u1 on the short-term demand of long-horizon investors, while the term
∂E(x2|q1u1 )

∂u1

captures the effect of private information u1 on their buy-and-hold demand. Note that

∂E(x2|q1u1)

∂u1

= − Q1u1

γ2 +Q1u1

β1

ω1

> 0,

as β1 > 0 and ω1 < 0. A higher value of private information u1 would always increase the

buy-and-hold demand of long-horizon investors. This is because given a fixed value of p1,

a higher value of u1 implies a higher value of x2 and thus a larger number of shares to be

held at t = 2. If we interpret u1 as the short-term financial performance of the firm, a

direct empirical implication from the result is that the buy-and-hold demand of long-horizon

investors will increase with the short-term financial performance of the firm.

For the short-term trading, whether a higher value of private information u1 would in-

crease or decrease the expected short-term trading of long-horizon investors depends on the

16The trading intensity defined in Goldstein and Yang (2015) is equivalent to the responsiveness to private
information defined in Cespa and Vives (2012) and Cespa and Vives (2015).
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trade off between a direct effect and an indirect effect of private information. The direct

effect, represented by rM , is always positive. A higher value of u1 implies a higher payoff

at t = 2 and hence a higher short-term trading. On the other hand, an indirect effect,

represented by −M
h2

∂E(x2|q1u1 )

∂u1
, imposes an opposite effect. Given the stock price p1, a higher

u1 also implies a higher value of x2, which indicates a higher risk premium in stock price p2

and a lower payoff at t = 2. This decreases the expected short-term trading of long-horizon

investors.

Corollary 5.8 The expected short-term demand of long-horizon investors increases in their

private information ũ1 when

r +
1

h2

Q1u1

γ2 +Q1u1

β1

ω1

> 0.

The expected buy-and-hold demand of these long-horizon investors always increases with ũ1.

For long-horizon investors with private information on x2,

Ix2l1 =
∂Dx2

l1 (x2, p1)

∂x2

= r(h1 +Q1x)
∂E(u1|q1x)

∂x2

− h1 +Q1x

h2

. (5.21)

As these long-horizon investors perfectly know their second period demand x2, the effect

of their private information x2 on their short-term demand equals

Ix2l1 =
∂ [Dx2

l1 (x2, p1)− x2]

∂x2

= r(h1 +Q1x)
∂E(u1|q1x)

∂x2

− h1 +Q1x

h2

− 1, (5.22)

with

∂E(u1|q1x)

∂x2

= − Q1x

h1 +Q1x

ω1

β1

> 0.

In this case, the effect of private information x2 on the short-term trading of long-horizon

investors also depends on the trade-off between a direct effect and an opposite indirect effect.

On the one hand, a higher value of x2 has a negative direct effect −h1+Q1x

h2
− 1 on the short-

term trading, as a higher x2 lowers the expected short-term payoff p2 and increases the
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number of shares to be held at t = 2; on the other hand, the private information also has a

positive indirect effect on the short-term trading. Given the stock price p1, a higher value of

x2 implies a higher value of u1, which increases the expected short-term payoff and thus the

short-term trading of investors.

Corollary 5.9 The short-term demand of long-horizon investors increases in their private

information x2 when

Q1x(rh2
ω1

β1

+ 1) + h1 + h2 < 0.

5.4.3 Short-term trading and price informativeness

Stock prices aggregate and reflect the private information of investors. The more aggressively

investors trade on their private information, the more information is reflected in stock price.

The above analyses suggest that, compared with the short-term trades by short-horizon

investors, the short-term trades by long-horizon investors with private information on u1

would lead to a a higher price informativeness on ũ1. This is because long-horizon investors

face lower risk of x2 and thus trade more aggressively on their private information on u1 in

the short-term.

Investors’ trading on their private information on x2 introduces noise into stock price

p1. The short-term trades of long-horizon investors can make the stock price less responsive

to non-fundamental noise than the trades of short-horizon investors. Specifically, when

investors’ first period demand increases with their private information on x2, the short-term

demand of long-horizon investors increases by a smaller amount than the demand of short-

horizon investors, as a higher value of x2 also increases the number of shares that long-horizon

investors hold for the second period. Long-horizon investors’ lower demand responsiveness

to their private information translates into a lower price informativeness on the noisy supply

x2.
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Corollary 5.10 When investors have private information on u1, the short-term demand

of long-horizon investors is more sensitive to their private information than the demand of

short-horizon investors, that is,∣∣∣∣∂ [Du1
l1 (u1, p1)− E(Du1

l2 |F1u1)]

∂u1

∣∣∣∣ > ∣∣∣∣∂Du1
s1 (u1, p1)

∂u1

∣∣∣∣ ;
when investors have private information on x2 and 2Q1x

(
rh2

ω1

β1
+ 1
)

+ 2h1 + h2 < 0,

the short-term demand of long-horizon investors is less sensitive to their private information

than the demand of short-horizon investors, that is,∣∣∣∣∂ [Dx2
l1 (x2, p1)− E(Dx2

l2 |F1x2)]

∂x2

∣∣∣∣ < ∣∣∣∣∂Dx2
s1 (x2, p1)

∂x2

∣∣∣∣ .
The above results suggest that, compared to short-horizon investors, long-horizon in-

vestors’ short-term trades can improve price informativeness on the fundamental cash flow

and decrease the price informativeness on the non-fundamental noise.

5.5 Disclosure and short-term trading

With noisy supply of shares in the market, disclosure not only allocates the cash flow risk

across periods, but also determines the extent to which the supply noise affects the market

price. This would change the short-term trading incentive of long-horizon investors.

To avoid the tractability issue, we address the effect of disclosure on investors’ short-

term trading by formally analyzing the setting without private information of investors. The

implications with investors’ heterogeneous private information are discussed afterwards.

5.5.1 Earnings report and short-term trading

To better study the impact of disclosure, we assume that the firm publicly issues a noisy signal

z̃ = u1 + ζ̃ to investors at t = 2, rather than a perfect disclosure of ũ1 as before. Specifically,
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ζ̃ ∼ N(0, 1
τ
). z̃ can be interpreted as an earnings report that provides noisy information on

the short-term financial performance of the firm. Detailed equilibrium analyses are in the

Appendix. The corollary below describes how disclosing short-term financial performance

affects the short-term trading of long-horizon investors.

Corollary 5.11 The expected short-term trading of long-horizon investors decreases in τ .

More precise disclosure at t = 2 can decrease the short-term trading of long-horizon

investors. This is because the disclosure decreases the residual uncertainty in the market at

t = 2, which reduces the extent that x2 can affect the stock price p2. With noisy disclosure,

it holds that p2 = τ
h1+τ

z1 + u+ h1
h1+τ

u− 1
rK2

x2 where 1
K2

is the residual uncertainty about ũ.

Therefore, more precise disclosure increases K2, which in turn decreases the impact of x2.

It implies the less need for long-horizon investors to share the risk of the noisy supply x̃2

with short-horizon investors. This decreases the short-term trading of long-horizon investors.

Note that the same intuition applies when the noisy disclosure is on ũ2, as it also reduces

the residual uncertainty on the liquidating cash flow.

The above negative relation between disclosure precision and short-term trading of long-

horizon investors is likely to be weaker when some investors have private information on

the cash flow component that will be disclosed at t = 2. For instance, suppose the firm

issues a noisy public disclosure on ũ1 at t = 2 and some investors privately observe the

value of u1 before the disclosure at t = 1, the public disclosure on u1 will push privately

informed investors to aggressively trade on their private information before the disclosure and

liquidate the shares to materialize the payoffs after the disclosure. Such effect increases the

short-term trading of privately informed investors. On the other hand, the aggressive trading

of informed investors results in more information being reflected in stock price. Uninformed

investors would thus behave similarly as informed investors by increasing their short-term

trading to benefit from the information they learned from stock price. The more precise
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the disclosure is, the stronger this effect will be and the smaller the short-term trading of

investors.

5.5.2 Earnings guidance and short-term trading

Existing debate on managerial myopia calls on managers to focus on firms’ long-term financial

performance in earnings guidance, arguing that concentrating on firms’ short-term financial

performance accelerates manager’s short-term pressure and myopic behavior. To analyze

the effect of earnings guidance, we assume that the firm can disclose either one of two noisy

signals at t = 1: a noisy signal y1 on ũ1 and a noisy signal y2 on ũ2. Specifically, ỹ1 = u1 + ε̃1

with ε̃1 ∼ N(0, 1
s1

); ỹ2 = u2 + ε̃2 with ε̃2 ∼ N(0, 1
s2

). Same as the original assumption, the

firm publicly discloses ũ1 at t = 2 and investors learn ũ2 until t = 3. We can interpret ỹ1 as

the earnings guidance on the short-term cash flow ũ1 and ỹ2 as the earnings guidance on the

long-term cash flow ũ2.

Corollary 5.12 The expected short-term trading of long-horizon investors increases in s1

and decreases in s2.

The results suggest that earnings guidance on the short-term cash flow increases the

expected short-term trading of long-horizon investors while earnings guidance on the long-

term cash flow decreases it. With the public disclosure of ũ1 at t = 2, the expression of

p2 = u1 + u − x2
rh2

suggests that the risk of stock price p2 consists of two components, one

component is the risk of the short-term cash flow ũ1, the other component is the risk of

the risk premium x2
rh2

related to x̃2, which depends on both the cash flow uncertainty of ũ2

at t = 2 and the noisy supply of shares x̃2. Lower residual uncertainty about ũ2 and lower

variance of x̃2 would reduce the variance of the risk premium. When trading in the short-run,

investors not only care about the absolute risk level of these two components, but also care

about the risk of ũ1 relative to the risk of x2
rh2

.
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When the firm provides earnings guidance on ũ1, investors receive additional information

on ũ1 and thus face less risk of ũ1. Consequently, the risk of the risk premium part in p2

becomes more important when investors trade in the short-run. Therefore, there is more need

to share the noise trading risk between long-horizon and short-horizon investors. The short-

term trading of long-horizon investors thus increases. Contrarily, when the firm provides

earnings guidance on ũ2, p2 = u1 + E(u2|y2)− var(u2|y2)
r

x2. The earnings guidance decreases

the residual cash flow uncertainty about ũ2 at t = 2, which reduce the risk of the risk

premium part. This lowers the need to share the noise trading risk between long-horizon

and short-horizon investors and decreases the short-term trading of long-horizon investors.

With heterogeneous private information of investors, earnings guidance on ũ1 only pro-

vides additional information to investors privately informed on x̃2, but no additional infor-

mation to investors privately informed on u1. Therefore, investors with private information

on x2 are likely to trade more aggressively on their private information, leading to more in-

formation on x2 being reflected in p1. It indicates that earnings guidance on the short-term

cash flow is likely to deviate the current stock price from the fundamental value.

Differently, earnings guidance on ũ2 offers additional information to all investors. This

information, however, decreases the value of private information on x2, as lower residual

uncertainty on ũ2 reduces the extent to which x̃2 can affect the stock price p2. Hence,

investors with private information on u1 are likely to trade more aggressively and lead to

more information on u1 being reflected in the stock price. It indicates that earnings guidance

on the long-term cash flow is more likely to drive current stock price towards the fundamental

value.
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5.6 Empirical and policy implications

The paper highlights that the impacts of short-term trading on stock prices depend on in-

vestors’ investment horizons. Compared to the short-term trading of short-horizon investors,

short-term trading of long-horizon investors lowers the risk premium in stock price and im-

proves price informativeness on the fundamental cash flows. Therefore, when testing the

pricing implications of investors’ short-term trading, failing to make the distinction on in-

vestors’ investment horizons might lead to insignificant or mixed results from the regression

analyses. Empirically capturing the investment horizon based on the observed trading strat-

egy might be challenging, as both long-horizon and short-horizon investors perform trading

over time. Warren (2014) proposes two indicators to characterize the investment horizon:

discretion over trading and how investment decisions are made. Long-horizon investors have

discretions to determine their trading strategy over time and aim to benefit from the future

outcomes of the firm. Differently, short-horizon investors do not have or have less discretion

on their trading strategy, which might be limited by the nature of their funding, and they

aim to benefit from short-term price changes.

The results offer several empirical implications on the trading strategy of long-horizon

investors and its pricing implications. Firstly, the model predicts a negative relation between

the fraction of long-horizon investors of the firm and the amount of short-term trading by

long-horizon investors. Secondly, the results suggest that the firm’s cost of capital will

decrease in the fraction of long-horizon investors of the firm. Thirdly, long-horizon investors

will perform more short-term trades when there is more uncertainty about future cash flows,

while short-horizon investors will perform less short-term trades in this case. Moreover, the

results imply a positive relation between the buy-and-hold demand of long-horizon investors

and the short-term financial performance of the firm. Also, in this case, long-horizon investors

tend to have a larger amount of short-term trades than the short-horizon investors. Finally,
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the short-term trading of long-horizon investors increases with the precision of earnings

guidance on the short-term cash flow, but decreases with the precision of earnings guidance

on the long-term cash flow.

The paper also contributes to the current debate on using capital gains tax to motivate

investors to hold shares for a longer period of time.17 Results from this paper suggest that

such a policy can be costly to the firm and the functioning of capital markets. The trading

constraints of short-horizon investors are usually driven by exogenous reasons and may not

be influenced by the capital gains tax. The main group of investors affected by such a

policy is more likely to be the long-horizon investors. If long-horizon investors respond to

the changes in the tax rule by reducing their short-term trading, it can lead to suboptimal

risk sharing in the market and increase the risk premium in stock price.

At last, the paper offers direct implications on the relation between investor sentiment and

short-term trading of investors. Investor sentiment is defined as a favorable or an unfavorable

view of the stock that is not justified by fundamentals (Baker and Wurgler, 2007). Therefore,

we can interpret x2 as the sentiment-based demand. A high value of x2 indicates a large

number of sentiment-based supply of shares in the market, driven by a pessimistic view of

the stock independent of the cash flows. The result from the paper suggests that short-term

trading by long-horizon investors would be higher when the volatility of investor sentiment

is higher. Besides, the results indicate that investor sentiment can have pricing consequences

by affecting the trading strategy of long-horizon and short-horizon investors.

17In the agenda proposed by Hilary Clinton to increase long-term growth in the market, one of the
plans is to revamping the capital gains tax to encourage long-term investment and discourage short-term
trading. Specifically, it proposes to raise the capital gains tax on the top bracket to ordinary income lev-
els on short-term gains and gradually reduces the tax rates downward the longer the asset is held. See
https://www.hillaryclinton.com/briefing/factsheets/2015/07/24/encourage-long-term-growth/ for more de-
tails.

160



5.7 Conclusion

This paper offers new insights on the short-term trading of investors in capital markets

and its effects on stock prices. The results suggest that long-horizon investors carry out

short-term trades to improve risk-sharing with short-horizon investors. Different from the

short-term trading of short-horizon investors, short-term trading of long-horizon investors

generates benefits by increasing price informativeness and lowering the firm’s cost of capital.

It also shows that such short-term trading of long-horizon investors increases when the

firm provides earnings guidance on the short-term cash flow, but decreases when the firm

provides earnings guidance on the long-term cash flow. The paper highlights the importance

of distinguishing the short-term trading of investors with different investment horizons when

testing its pricing implications.
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5.8 Appendix: Proofs

Proof of Lemma 5.1.

At t = 2 after the public disclosure of u1, both long-horizon investors and the second

generation of short-horizon investors exist in the market for one period. Therefore, the

trading strategies of long-horizon and short-horizon investors are the same. With the public

disclosure of u1, the equilibrium price p2 fully reveals x2. Therefore, there is no information

asymmetry left in the market. Investors’ only uncertainty at t = 2 is about cash flow ũ2.

The model is equivalent to a standard one-period noisy rational expectations equilibrium

with demand function

Dl2 = Ds2 = r
u1 + u− p2

var(u2)
.

With the market clearing condition λDl2 + (1− λ)Ds2 = x2, one can derive that p2 equals

p2 = u1 + u− x2

r
var(u2).

Replacing the expression of p2 into the above demand function yields

Dl2 = Ds2 = x2.

Proof of Proposition 5.1.

At t = 1, the first generation of short-horizon investors maximize their expected utility

conditional on their information F1f , with

E [U(Wi)|F1f ] = E

[
− exp

{
−1

r
(p2 − p1)Df

s1

}
|F1f

]
. (5.23)

For the first generation of short-horizon investors with private information on u1, equation
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(5.23) is equivalent to

E [U(Wi)|F1u1 ] =E

[
− exp

{
−1

r
(p2 − p1)Du1

s1

}
|F1u1

]
=− exp

{
−1

r
[E (p2|F1u1)− p1]Du1

s1 +
1

2r2
(Du1

s1 )2 var (p2|F1u1)

}
.

Taking first order condition of the above equation with respect to Du1
s1 yields

−1
r

[E (p2|F1u1)− p1] + 1
r2
Du1
s1 var (p2|F1u1) = 0.

Using that E(x2|q1u1) =
γ2x+Q1u1q1u1
γ2+Q1u1

and var(x2|q1u1) = (γ2 + Q1u1)
−1, and rewriting

generate

Du1
s1 =r

E (p2|F1u1)− p1

var (p2|F1u1)
= r

[
r2h2

2(γ2 +Q1u1)
](

u1 + u− 1

rh2

γ2x+Q1u1q1u1

γ2 +Q1u1

− p1

)
,

which is equation (5.10) in Proposition 5.1.

For the first generation of short-horizon investors with private information on x2, equation

(5.23) is equivalent to

E [U(Wi)|F1x2 ] =E

[
− exp

{
−1

r
(p2 − p1)Dx2

s1

}
|F1x2

]
=− exp

{
−1

r
[E (p2|F1x2)− p1]Dx2

s1 +
1

2r2
(Dx2

s1 )2 var (p2|F1x2)

}
.

Taking first order condition of the above equation with respect to Dx2
s1 yields

−1
r

[E (p2|F1x2)− p1] + 1
r2
Dx2
s1var (p2|F1x2) = 0.

Using that E(u1|q1x) = h1u+Q1xq1x
h1+Q1x

and var(u1|q1x) = (h1 +Q1x)
−1, and rewriting generate

Dx2
s1 =r

E (p2|F1x2)− p1

var (p2|F1x2)
= r (h1 +Q1x)

[
h1u+Q1xq1x

h1 +Q1x

+ u− x2

rh2

− p1

]
,

which is equation (5.11) in Proposition 5.1.

Long-horizon investors also maximize their expected utility conditional on their informa-
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tion, with

E [U(Wi)|F1f ] = E
[
− exp

{
−1
r

[
(p2 − p1)Df

l1 + (u1 + u2 − p2)Dl2

]}
|F1f

]
. (5.24)

For long-horizon investors with private information on u1, equation (5.24) is equivalent

to

E [U(Wi)|F1u1 ]

=Ep2,u2

[
− exp

{
−1

r

[
(p̃2 − p1)Du1

l1 + (u1 + ũ2 − p̃2)D̃l2

]}
|u1, q1u1

]
=Ex2,u2

[
− exp

{
−1

r

[
(u1 + u− x̃2

r
var(u2)− p1)Du1

l1 + (ũ2 + u− x̃2

r
var(u2))D̃l2

]}
|u1, q1u1

]
=Ex2

[
− exp

{
−1

r

[
(u1 + u− x̃2

r
var(u2)− p1)Du1

l1 +
x̃2

2

r
var(u2)− 1

2r
x̃2

2var(u2)

]}
|u1, q1u1

]
=Ex2

[
− exp

{
−1

r
(u1 + u− x̃2

r
var(u2)− p1)Du1

l1 −
x̃2

2

2r2
var(u2)

}
|q1u1

]
. (5.25)

Taking expectation of x̃2 conditional on the information q1u1 , equation (5.25) equals

−|W |− 1
2 |2N+W−1|− 1

2 exp
[
C + L′Z − Z ′NZ + 1

2
(L′ − 2Z ′N) (2N +W−1)

−1
(L− 2NZ)

]
(5.26)

where

W = var(x2|q1u1),

N =
1

2r2
var(u2),

Z = E(x2|q1u1),

C = −1

r
(u1 + u− p1)Du1

l1 ,

L =
1

r2
var(u2)Du1

l1 .

Taking first order condition with respect to Du1
l1 , using that E(x2|q1u1) =

γ2x+Q1u1q1u1
γ2+Q1u1

and
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var(x2|q1u1) = (γ2 +Q1u1)
−1, and rewriting generate

Du1
l1 =

r
[
u1 + u− 1

rh2
E(x2|q1u1)− p1

]
+ E(x2|q1u1)

(
1
rh2

)2 [
var(u2)
r2

+ var−1(x2|q1u1)
]−1

(
1
rh2

)2 [
var(u2)
r2

+ var−1(x2|q1u1)
]−1

=r
u1 + u− 1

rh2
E(x2|q1u1)− p1(

1
rh2

)2 [
var(u2)
r2

+ var−1(x2|q1u1)
]−1 + E(x2|q1u1)

=r
[
h2 + r2h2

2(γ2 +Q1u1)
] [
u1 + u− 1

rh2

γ2x+Q1u1q1u1

γ2 +Q1u1

− p1

]
+
γ2x+Q1u1q1u1

γ2 +Q1u1

,

which is equation (5.8) in Proposition 5.1.

For long-horizon investors with private information on x2, they can perfectly anticipate

the second period demand Dl2, which equals x2. In this case, equation (5.24) is equivalent

to

E [U(Wi)|F1x2 ]

=Ep2,u2

[
− exp

{
−1

r
[(p̃2 − p1)Dx2

l1 + (ũ1 + ũ2 − p̃2)Dl2]

}
|x2, q1x

]
=Eu1,u2

[
− exp

{
−1

r

[
(ũ1 + u− x2

r
var(u2)− p1)Dx2

l1 + (ũ2 + u− x2

r
var(u2))Dl2

]}
|x2, q1x

]
=Eu1

[
− exp

{
−1

r

[
(ũ1 + u− x2

r
var(u2)− p1)Dx2

l1 +
x2

2

r
var(u2)− 1

2r
x2

2var(u2)

]}
|x2, q1x

]
=− exp

{
−1

r

[
E(u1|q1x) + u− x2

r
var(u2)− p1

]
Dx2
l1 +

1

2r2
(Dx2

l1 )2 var(u1|q1x)−
x2

2

2r2
var(u2)

}
.

Taking first order condition with respect to Dx2
l1 , using that E(u1|q1x) = h1u+Q1xq1x

h1+Q1x
and

var(u1|q1x) = (h1 +Q1x)
−1, and rewriting generate

Dx2
l1 =r

E(u1|q1x) + u− x2
r
var(u2)− p1

var(u1|q1x)

=r (h1 +Q1x)

[
h1u+Q1xq1x

h1 +Q1x

+ u− x2

rh2

− p1

]
,

which is equation (5.9) in Proposition 5.1.

Next, we derive the equilibrium price p1. Based on the market clearing condition λalD
u1
l1 +
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λ(1− al)Dx2
l1 + (1− λ)asD

u1
s1 + (1− λ)(1− as)Dx2

s1 = x1, we can get

λalr
[
h2 + r2h2

2(γ2 +Q1u1)
] [
u1 + u− 1

rh2

γ2x+Q1u1q1u1

γ2 +Q1u1

− p1

]
+ λal

γ2x+Q1u1q1u1

γ2 +Q1u1

+ λ(1− al)r (h1 +Q1x)

[
h1u+Q1xq1x

h1 +Q1x

+ u− x2

rh2

− p1

]
+ (1− λ)asr

(
r2h2

2(γ2 +Q1u1)
) [
u1 + u− 1

rh2

γ2x+Q1u1q1u1

γ2 +Q1u1

− p1

]
+ (1− λ)(1− as)r (h1 +Q1x)

[
h1u+Q1xq1x

h1 +Q1x

+ u− x2

rh2

− p1

]
= x1.

Define

H1u = λalr [h2 + r2h2
2(γ2 +Q1u1)] + (1− λ)asr [r2h2

2(γ2 +Q1u1)] ,

H1x = [λ(1− al)r + (1− λ)(1− as)r] (h1 +Q1x),

H1 = H1u +H1x,

the market clearing condition is thus equivalent to

H1p1 = H1u+H1u

(
u1 − 1

rh2

γ2x+Q1u1q1u1
γ2+Q1u1

)
+H1x

(
h1u+Q1xq1x
h1+Q1x

− x2
rh2

)
−
(
x1 − λal

γ2x+Q1u1q1u1
γ2+Q1u1

)
.

Rewriting yields pricing coefficients in Proposition 5.1.

Note that β1 > 0 as H1u > 0 and H1x > 0. Simplifying the expression of ω1,

ω1 = − 1
h2H1

[(1− as(1− λ)− alλ)(h1 +Q1x) + h2
2r

2Q1u1(as(1− λ) + alλ)] < 0.

Proof of Corollary 5.1.

Deriving the equilibrium demand and price at t = 2 is the same as Lemma 5.1.

Deriving the equilibrium demand and price at t = 1 is similar to the proof of Proposition

5.1. At t = 1, the demand function of short-horizon investors without private information
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equals

Ds1 =r
E(p2)− p1

var(p2)
= r

2u− x
r
var(u2)− p1

var(u1) +
(

1
rh2

)2

var(x2)
= r

h1r
2h2

2γ2

h1 + r2h2
2γ2

(
2u− x

rh2

− p1

)
,

which is equation (5.14) in Corollary 5.1.

For long-horizon investors, their expected utility in this case equals

E [U(Wi)]

=Ep2,u1,u2

[
− exp

{
−1

r

[
(p̃2 − p1)Dl1 + (ũ1 + ũ2 − p̃2)D̃l2

]}]
=Ex2,u1,u2

[
− exp

{
−1

r

[
(ũ1 + u− x̃2

r
var(u2)− p1)Dl1 + (ũ2 + u− x̃2

r
var(u2))D̃l2

]}]
=Ex2,u1

[
− exp

{
−1

r

[
(ũ1 + u− x̃2

r
var(u2)− p1)Dl1 +

x̃2
2

r
var(u2)− 1

2r
x̃2

2var(u2)

]}]
=Ex2

[
− exp

{
−1

r
(2u− x̃2

r
var(u2)− p1)Dl1 +

1

2r2
(Dl1)2 var(u1)− x̃2

2

2r2
var(u2)

}]
=

∫
−
√
γ2

2π
exp

{
−1

r
(2u− x̃2

rh2

− p1)Dl1 +
var(u1)

2r2
(Dl1)2 − x̃2

2

2r2h2

− 1

2
γ2(x̃2 − x)2

}
dx2

=

√
γ2

1
r2h2

+ γ2

− exp

−1

r
(2u− p1)Dl1 +

var(u1)

2r2
(Dl1)2 +

1

2

[
Dl1
r2h2

+ γ2x
]2

1
r2h2

+ γ2

− 1

2
γ2x

2

 .

Taking first order condition of Dl1 yields

−1
r
(2u− p1) + var(u1)

r2
Dl1 +

Dl1
r2h2

+γ2x

1
r2h2

+γ2

1
r2h2

= 0.

Rewriting yields

Dl1 =
r(2u− x

rh2
− p1) + x

r(r2h22γ2+h2)

1
h1

+
(

1
r2h22

)2 (
1

r2h22
+ γ2

)−1

=r
h1 (h2 + r2h2

2γ2)

h1 + h2 + r2h2
2γ2

[
2u− x

rh2

+
x

r(r2h2
2γ2 + h2)

− p1

]
which is equation (5.13) in Corollary 5.1.

Based on the market clearing condition λDl1 + (1 − λ)Ds1 = x1, using the demand
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expression of Dl1 and Ds1, one can get

λr
h1 (h2 + r2h2

2γ2)

h1 + h2 + r2h2
2γ2

[
2u− x

rh2

+
x

r(r2h2
2γ2 + h2)

− p1

]
+ (1− λ)r

h1r
2h2

2γ2

h1 + r2h2
2γ2

(
2u− x

rh2

− p1

)
= x1.

Denote H1 = λr
h1(h2+r2h22γ2)
h1+h2+r2h22γ2

+ (1− λ)r
h1r2h22γ2
h1+r2h22γ2

and rewriting yield

H1p1 = H1

(
2u− x

rh2

)
+ λr

h1 (h2 + r2h2
2γ2)

h1 + h2 + r2h2
2γ2

x

r(r2h2
2γ2 + h2)

− x1,

p1 = 2u− x

rh2

− 1

H1

[
x1 −

λh1

h1 + h2 + r2h2
2γ2

x

]
,

which is equation (5.16) in Corollary 5.1.

Proof of Corollary 5.2.

Note that the market clearing condition implies that λE(D̃l1)+(1−λ)E(D̃s1) = E(x1) =

x. Then if E(D̃l1) > E(D̃s1), it must hold that E(D̃l1) > x > E(D̃s1).

As
h1(h2+r2h22γ2)
h1+h2+r2h22γ2

>
h1r2h22γ2
h1+r2h22γ2

and 2u − x
rh2

+ x
r(r2h22γ2+h2)

− p1 > 2u − x
rh2
− p1, we have

E(D̃l1) > E(D̃s1) and thus E(D̃l1) > x > E(D̃s1).

Proof of Corollary 5.3.

The expression of ∆ in equation (5.17) suggests that analyzing ∆ is equivalent to analyz-

ing E(D̃l1), that is, sign(∂∆
∂a

) = sign(∂E(D̃l1)
∂a

), with a ∈ {λ, γ2, h2}. Hence, for the following

analyses of the setting without private information of investors, whenever we need to take

partial derivative of ∆, we take partial derivative of E(D̃l1).

Next, we calculate E(D̃l1) by replacing p1 with equation (5.16) and taking expectation
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of x1.

E(D̃l1) = E

(
r
h1(h2+r2h22γ2)
h1+h2+r2h22γ2

[
2u− x

rh2
+ x

r(r2h22γ2+h2)
− p1

])
=

(h1+γ2h2(h2−h1(−2+λ))r2+γ22h
3
2r

4)x

h1λ+γ2h2(h1+h2)r2+γ22h
3
2r

4 .

When λ = 1, E(D̃l1) = x and ∆ = 0. Taking partial derivative with respect to λ,

∂E(D̃l1)
∂λ

= − h1(1+γ2h2r2)2(h1+γ2h22r
2)x

(h1λ+γ2h2(h1+h2)r2+γ22h
3
2r

4)2
< 0.

Therefore, ∆ is decreasing in λ.

Proof of Corollary 5.4.

The ex ante cost of capital is defined as the ex ante risk premium in stock price p1, that

is,

E(u1 + u2 − p1) = x
rh2

+ 1
H1

[
x− λh1

h1+h2+r2h22γ2
x
]
.

Replacing the expression of H1 in Corollary 5.1, one gets

E(u1 + u2 − p1) = x
rh2

+
(h1+γ2h22r

2)(h1(1−λ)+h2(1+γ2h2r2))x

h1h2r(h1λ+γ2h2(h1+h2)r2+γ22h32r
4)
.

Take partial derivative with respect to λ,

∂E(u1+u2−p1)
∂λ

= − (1+γ2h2r2)(h1+γ2h22r
2)(h1+h2+γ2h22r

2)x

h2r(h1λ+γ2h2(h1+h2)r2+γ22h
3
2r

4)2
< 0.

Therefore, the ex-ante cost of capital is decreasing in λ.

Proof of Corollary 5.5.

Take partial derivative of E(D̃l1) with respect to γ2,

∂E(D̃l1)
∂γ2

= −h1h2(−1+λ)r2(h1(−1+λ)−h2(1+γ2h2r2)2)x

(h1λ+γ2h2(h1+h2)r2+γ22h
3
2r

4)2
< 0.

Therefore, ∆ is decreasing in γ2.
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Take partial derivative of E(D̃l1) with respect to h2,

∂E(D̃l1)
∂h2

= γ2h1(−1+λ)r2(h1−h1λ+2h2(1+γ2h2r2)2)x

(h1λ+γ2h2(h1+h2)r2+γ22h
3
2r

4)2
< 0.

Therefore, ∆ is decreasing in h2.

Proof of Corollary 5.6.

As h2 + r2h2
2(γ2 +Q1u1) > r2h2

2(γ2 +Q1u1), we have

r [h2 + r2h2
2(γ2 +Q1u1)]

[
u1 + u− γ2x+Q1u1q1u1

rh2(γ2+Q1u1 )
− p1

]
> r [r2h2

2(γ2 +Q1u1)]
[
u1 + u− γ2x+Q1u1q1u1

rh2(γ2+Q1u1 )
− p1

]
.

Therefore, E
[
D̃u1
l1 − E(D̃l2|F1u1)

]
= E

(
r [h2 + r2h2

2(γ2 +Q1u1)]
[
u1 + u− 1

rh2

γ2x+Q1u1q1u1
γ2+Q1u1

− p1

])
>

E
(
D̃u1
s1

)
= E

(
r [r2h2

2(γ2 +Q1u1)]
[
u1 + u− 1

rh2

γ2x+Q1u1q1u1
γ2+Q1u1

− p1

])
.

Proof of Corollary 5.7.

Long-horizon investors with private information on x2 expect to sell a positive amount

of shares at t = 2 when

E
[
D̃x2
l1 − E(D̃l2|F1x2)

]
= E

(
r (h1 +Q1x)

[
h1u+Q1xq1x
h1+Q1x

+ u− x2
rh2
− p1

]
− x2

)
> 0.

Replacing the expression of p1 in Proposition 5.1, one can get

E

(
r (h1 +Q1x)

[
h1u+Q1xq1x

h1 +Q1x

+ u− x2

rh2

− p1

]
− x2

)
=r (h1 +Q1x)E

[
h1u+Q1xq1x

h1 +Q1x

+ u− x2

rh2

− p1

]
− E(x2)

=r (h1 +Q1x)
(1− λal)x

H1

− x.

Therefore, E
[
D̃x2
l1 − E(D̃l2|Fx2l1 )

]
> 0 when r (h1 +Q1x)

(1−λal)
H1

− 1 > 0. Replacing the
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expression of H1 in Proposition 5.1, the inequality becomes

(1−alλ)(h1+Q1x)r

(1−as(1−λ)−alλ)(h1+Q1x)r+ash22(1−λ)(γ2+Q1u1 )r3+alh2λr(1+h2(γ2+Q1u1 )r2)
− 1 > 0.

Simplifying the inequality yields

as(1− λ)(h1 +Q1x − h2
2(γ2 +Q1u1)r

2)− alh2λ(1 + h2(γ2 +Q1u1)r
2) > 0

which is the condition in Corollary 5.7.

Proof of Corollary 5.8.

The short-term demand of long-horizon investors is increasing in their private information

ũ1 when rM − M
h2

∂E(x2|q1u1 )

∂u1
> 0, with M = h2 + r2h2

2(γ2 + Q1u1). The condition is thus

equivalent to r− 1
h2

∂E(x2|q1u1 )

∂u1
= r+ 1

h2

Q1u1

γ2+Q1u1

β1
ω1
> 0, which is the condition in Corollary 5.8.

Proof of Corollary 5.9.

The short-term demand of long-horizon investors is increasing in their private informa-

tion x̃2 when r(h1 +Q1x)
∂E(u1|q1x)

∂x2
− h1+Q1x

h2
− 1 > 0. The condition is thus equivalent to

−r(h1 +Q1x)
Q1x

h1+Q1x

ω1

β1
− h1+Q1x

h2
− 1 = −rQ1x

ω1

β1
− h1+Q1x+h2

h2
> 0. Simplifying the condition

yields Q1x(rh2
ω1

β1
+ 1) + h1 + h2 < 0, which is the condition in Corollary 5.9.

Proof of Corollary 5.10.

The trading intensity of short-horizon investors with private information on ũ1 equals

∂Ds1(u1, p1)

∂u1

= rN − N

h2

∂E(x2|q1u1)

∂u1

,

with N = r2h2
2(γ2 +Q1u1). As M > N > 0, we have∣∣∣∣∂[Dl1(u1,p1)−E(Dl2|F1u1 )]
∂u1

∣∣∣∣ = M
∣∣∣r − 1

h2

∂E(x2|q1u1 )

∂u1

∣∣∣ > N
∣∣∣r − 1

h2

∂E(x2|q1u1 )

∂u1

∣∣∣ =
∣∣∣∂Ds1(u1,p1)

∂u1

∣∣∣ .
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Demand functions in Proposition 5.1 suggests thatDx2
l1 = Dx2

s1 . It implies that ∂Dl1(x2,p1)
∂x2

=

∂Ds1(x2,p1)
∂x2

. Therefore,
∂[Dl1(x2,p1)−E(Dl2|F1x2 )]

∂x2
= ∂[Ds1(x2,p1)−x2]

∂x2
= ∂Ds1(x2,p1)

∂x2
− 1. We then have∣∣∣∣∂[Dl1(x2,p1)−E(Dl2|F1x2 )]

∂x2

∣∣∣∣ < ∣∣∣∂[Ds1(x2,p1)]
∂x2

∣∣∣ is equivalent to
∣∣∣∂[Ds1(x2,p1)]

∂x2
− 1
∣∣∣ < ∣∣∣∂[Ds1(x2,p1)]

∂x2

∣∣∣.
When ∂[Ds1(x2,p1)]

∂x2
− 1 ≥ 0, that is, when ∂[Ds1(x2,p1)]

∂x2
≥ 1,

∣∣∣∂[Ds1(x2,p1)]
∂x2

− 1
∣∣∣ < ∣∣∣∂[Ds1(x2,p1)]

∂x2

∣∣∣
always holds.

When ∂[Ds1(x2,p1)]
∂x2

∈ (0, 1),
∣∣∣∂[Ds1(x2,p1)]

∂x2
− 1
∣∣∣ < ∣∣∣∂[Ds1(x2,p1)]

∂x2

∣∣∣ holds when 1 − ∂[Ds1(x2,p1)]
∂x2

<

∂[Ds1(x2,p1)]
∂x2

, that is, when ∂[Ds1(x2,p1)]
∂x2

> 1
2
.

When ∂[Ds1(x2,p1)]
∂x2

≤ 0,
∣∣∣∂[Ds1(x2,p1)]

∂x2
− 1
∣∣∣ < ∣∣∣∂[Ds1(x2,p1)]

∂x2

∣∣∣ never holds.

To summarize,
∣∣∣∂[Ds1(x2,p1)]

∂x2
− 1
∣∣∣ < ∣∣∣∂[Ds1(x2,p1)]

∂x2

∣∣∣ holds when ∂[Ds1(x2,p1)]
∂x2

≥ 1
2
.

Using equation (5.21), the condition can be rewritten as

∂[Ds1(x2,p1)]
∂x2

= r(h1 +Q1x)
∂E(u1|q1x)

∂x2
− h1+Q1x

h2
= −r(h1 +Q1x)

Q1x

h1+Q1x

ω1

β1
− h1+Q1x

h2
> 1

2
.

Simplifying the condition yields

2Q1x

(
rh2

ω1

β1
+ 1
)

+ 2h1 + h2 < 0,

which is the condition in Corollary 5.10.

Proof of Corollary 5.11.

We first prove the linear equilibrium in the setting without private information of in-

vestors, but with a noisy disclosure z of ũ1 at t = 2.

At t = 2, all investors exist in the market for one period. Therefore, long-horizon and

short-horizon investors have the same demand function, which equals

Dl2 = Ds2 = r
E(u1|z) + u− p2

var(u1|z) + var(u2)
.
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With the market clearing condition λDl2 + (1− λ)Ds2 = x2, one can derive that p2 equals

p2 = E(u1|z) + u− x2

r
[var(u1|z) + var(u2)] =

h1u+ τz

h1 + τ
+ u− x2

r

(
1

h1 + τ
+

1

h2

)
.

Replacing the expression of p2 into the above demand function yields

Dl2 = Ds2 = x2.

At t = 1, the demand function of the first generation of short-horizon investors equals

Ds1 =r
E(p2)− p1

var(p2)
= r

E[E(u1|z)] + u− x
r

(
1

h1+τ
+ 1

h2

)
− p1(

τ
h1+τ

)2

var(z) +
(

1
h1+τ

+ 1
h2

)2
var(x2)
r2

=r
h1h

2
2(h1 + τ)2r2γ2

τh2
2r

2γ2(h1 + τ) + h1(h1 + h2 + τ)2

(
2u− x

r

h1 + h2 + τ

h2(h1 + τ)
− p1

)
.

For long-horizon investors, their expected utility in this case equals

E [U(Wi)]

=Ep2,u1,u2

[
− exp

{
−1

r

[
(p̃2 − p1)Dl1 + (ũ1 + ũ2 − p̃2)D̃l2

]}]
=Ep2,u1

[
− exp

{
−1

r

[
(p̃2 − p1)Dl1 + (ũ1 + u− p̃2)D̃l2 −

1

2r
D2
l2var(u2)

]}]
=Ep2

[
− exp

{
−1

r

[
(p̃2 − p1)Dl1 + (E(u1|z) + u− p̃2)D̃l2 −

1

2r
D2
l2[var(u1|z) + var(u2)]

]}]
=Ex2,z

[
− exp

{
−1

r

(
h1u+ τ z̃

h1 + τ
+ u− x̃2

r

(
1

h1 + τ
+

1

h2

)
− p1

)
Dl1 −

x2
2

2r2

(
1

h1 + τ
+

1

h2

)}]
=Ex2

[
− exp

{
−1

r

(
2u− x̃2

r

h1 + h2 + τ

h2(h1 + τ)
− p1

)
Dl1 +

D2
l1

2r2

(
τ

h1 + τ

)2

var(z)− x̃2
2

2r2

h1 + h2 + τ

h2(h1 + τ)

}]

=

∫
− exp

{
−Dl1

r

(
2u− x̃2

r

h1 + h2 + τ

h2(h1 + τ)
− p1

)
+
D2
l1

2r2

τ

h1(h1 + τ)
− x̃2

2

2r2

h1 + h2 + τ

h2(h1 + τ)

}
×
√
γ2

2π
exp

{
−γ2

2
(x̃2 − x)2

}
dx2

=

√
γ2

1
r2
h1+h2+τ
h2(h1+τ)

+ γ2

− exp

−1

r
(2u− p1)Dl1 +

D2
l1

2r2

τ

h1(h1 + τ)
+

1

2

[
Dl1
r2

h1+h2+τ
h2(h1+τ)

+ γ2x
]2

1
r2
h1+h2+τ
h2(h1+τ)

+ γ2

− 1

2
γ2x

2

 .
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Taking first order condition of Dl1 yields

−1
r
(2u− p1) + Dl1

r2
τ

h1(h1+τ)
+

Dl1
r2

h1+h2+τ
h2(h1+τ)

+γ2x

1
r2

h1+h2+τ
h2(h1+τ)

+γ2

1
r2
h1+h2+τ
h2(h1+τ)

= 0.

Rewriting yields

Dl1 =
r(2u− x

r
h1+h2+τ
h2(h1+τ)

− p1) + (τ+h1+h2)2x
(τ+h1)h2(τ+h1+h2+γ2(τ+h1)h2r2)

τ
h1(h1+τ)

+
(

1
r
h1+h2+τ
h2(h1+τ)

)2 (
1
r2
h1+h2+τ
h2(h1+τ)

+ γ2

)−1

=r
h1h2(τ + h1 + h2 + γ2(τ + h1)h2r

2)

(h1 + h2)(τ + h1 + h2) + γ2τh2
2r

2

×
[
2u− x

r

h1 + h2 + τ

h2(h1 + τ)
+

(τ + h1 + h2)2x

r(τ + h1)h2(τ + h1 + h2 + γ2(τ + h1)h2r2)
− p1

]
.

Based on the market clearing condition λDl1 + (1 − λ)Ds1 = x1, using the demand

expression of Dl1 and Ds1, one can get

λr
h1h2(τ + h1 + h2 + γ2(τ + h1)h2r

2)

(h1 + h2)(τ + h1 + h2) + γ2τh2
2r

2

×
[
2u− x

r

h1 + h2 + τ

h2(h1 + τ)
+

(τ + h1 + h2)2x

r(τ + h1)h2(τ + h1 + h2 + γ2(τ + h1)h2r2)
− p1

]
+ (1− λ)r

h1h
2
2(h1 + τ)2r2γ2

τh2
2r

2γ2(h1 + τ) + h1(h1 + h2 + τ)2

(
2u− x

r

h1 + h2 + τ

h2(h1 + τ)
− p1

)
= x1.

Denote H1 = λr h1h2(τ+h1+h2+γ2(τ+h1)h2r2)

(h1+h2)(τ+h1+h2)+γ2τh22r
2 + (1 − λ)r

h1h22(h1+τ)2r2γ2
τh22r

2γ2(h1+τ)+h1(h1+h2+τ)2
and rewriting

yield

H1p1 = H1

(
2u− x

r

h1 + h2 + τ

h2(h1 + τ)

)
+λr

h1(τ + h1 + h2)2

r(τ + h1)((h1 + h2)(τ + h1 + h2) + γ2τh2
2r

2)
x−x1,

p1 = 2u− x

r

h1 + h2 + τ

h2(h1 + τ)
− 1

H1

[
x1 −

λh1(τ + h1 + h2)2

(τ + h1)((h1 + h2)(τ + h1 + h2) + γ2τh2
2r

2)
x

]
.

Next, we calculate E(Dl1) by replacing the above expression of p1 into the demand

function of Dl1 and taking expectation of x1.
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E(Dl1) =r
h1h2(τ + h1 + h2 + γ2(τ + h1)h2r

2)

(h1 + h2)(τ + h1 + h2) + γ2τh2
2r

2

× E
(

2u− x

r

h1 + h2 + τ

h2(h1 + τ)
+

(τ + h1 + h2)2x

r(τ + h1)h2(τ + h1 + h2 + γ2(τ + h1)h2r2)
− p1

)
=
γ2(τ + h1)2h2(h1 + h2)(τ + h1 + h2)r2 + γ2h1(τ + h1)h2(τ + h1 + h2)2(1− λ)r2

h1(τ + h1 + h2)3λ+ γ2(τ + h1)2h2(h1 + h2)(τ + h1 + h2)r2 + γ2
2τ(τ + h1)2h3

2r
4
x

+
h1(τ + h1 + h2)3 + γ2

2τ(τ + h1)2h3
2r

4

h1(τ + h1 + h2)3λ+ γ2(τ + h1)2h2(h1 + h2)(τ + h1 + h2)r2 + γ2
2τ(τ + h1)2h3

2r
4
x.

Taking partial derivative with respect to τ , one can get

∂E(Dl1)
∂τ

< 0.

As the partial derivative sign of short-term trading is the same as E(Dl1), we derive that

short-term trading of long-horizon investors decreases in τ .

Proof of Corollary 5.12.

First, consider the case that the firm provides guidance on ũ1 at t = 1. As ũ1 is publicly

disclosed at t = 2, the equilibrium demands and equilibrium price at t = 2 is the same as in

Lemma 5.1.

At t = 1, investors receive the noisy signal y1 on ũ1, they will update their beliefs of ũ1

based on y1. Derivation of the equilibrium demands and equilibrium price in this case is

similar to Corollary 5.1. The only differences are instead of E(u1) and var(u1), investors’

beliefs of ũ1 at t = 1 are E(u1|y1) and var(u1|y1). Follow the same analyses procedure as in

Corollary 5.1, one can get the equilibrium demands of investors equal

Ds1 =r
E(p2|y1)− p1

var(p2|y1)
= r

E(u1|y1) + u− x
r
var(u2)− p1

var(u1|y1) +
(

1
rh2

)2

var(x2)

=r
(h1 + s1)r2h2

2γ2

h1 + s1 + r2h2
2γ2

(
h1u+ s1y1

h1 + s1

+ u− x

rh2

− p1

)
,
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Dl1 =
r(E(u1|y1) + u− x

rh2
− p1) + x

r(r2h22γ2+h2)

1
h1+s1

+
(

1
r2h22

)2 (
1

r2h22
+ γ2

)−1

=r
(h1 + s1) (h2 + r2h2

2γ2)

h1 + s1 + h2 + r2h2
2γ2

[
h1u+ s1y1

h1 + s1

+ u− x

rh2

+
x

r(r2h2
2γ2 + h2)

− p1

]
.

Denote H1 = λr
(h1+s1)(h2+r2h22γ2)
h1+s1+h2+r2h22γ2

+ (1− λ)r
(h1+s1)r2h22γ2
h1+s1+r2h22γ2

and rewriting yield

p1 =
h1u+ s1y1

h1 + s1

+ u− x

rh2

− 1

H1

[
x1 −

λ(h1 + s1)

h1 + s1 + h2 + r2h2
2γ2

x

]
.

To calculate E(Dl1), replacing the above price expression p1 into the demand function Dl1

and taking expectation of x1, we have

E(Dl1) =
(s1 + h1 + γ2h2(2s1 + 2h1 + h2 − (s1 + h1)λ)r2 + γ2

2h
3
2r

4)

(s1 + h1)λ+ γ2h2(s1 + h1 + h2)r2 + γ2
2h

3
2r

4
x,

and

∂E(Dl1)

∂s1

=
γ2h

2
2(1− λ)r2(1 + γ2h2r

2)2

((s1 + h1)λ+ γ2h2(s1 + h1 + h2)r2 + γ2
2h

3
2r

4)2
x > 0.

As the sign of partial derivative of short-term trading of long-horizon investors is the same

as the sign of E(Dl1), we derive that short-term trading of long-horizon investors increases

in s1.

Second, consider the case that the firm provides guidance on ũ2 at t = 1 by providing

investors with a noisy signal y2 on ũ2. In this case, investors with additional information on

ũ2 have the equilibrium demand at t = 2

Dl2 = Ds2 = r
u1 + E(u2|y2)− p2

var(u2|y2)
= r(h2 + s2)

(
u1 +

h2u+ s2y2

h2 + s2

− p2

)
.

With the market clearing condition λDl2 + (1− λ)Ds2 = x2, one can derive that p2 equals

p2 = u1 +
h2u+ s2y2

h2 + s2

− x2

r(h2 + s2)
.

For the linear equilibrium at t = 1, the only difference from the equilibrium in Corollary
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5.1 is that investors’ beliefs on ũ2 are characterized by E(u2|y2) and var(u2|y2), rather than

E(u2) and var(u2) as in Corollary 5.1. Following the same analyses process as in Corollary

5.1, one can get that

Ds1 =r
E(p2|y2)− p1

var(p2|y2)
= r

E(u2|y2) + u− x
r
var(u2|y2)− p1

var(u1) +
(

1
r(h2+s2)

)2

var(x2)

=r
h1r

2(h2 + s2)2γ2

h1 + r2(h2 + s2)2γ2

(
h2u+ s2y2

h2 + s2

+ u− x

r(h2 + s2)
− p1

)

Dl1 =
r(E(u2|y2) + u− x

r(h2+s2)
− p1) + x

r(r2(h2+s2)2γ2+h2+s2)

1
h1

+
(

1
r2(h2+s2)2

)2 (
1

r2(h2+s2)2
+ γ2

)−1

=r
h1(h2 + s2) (1 + r2(h2 + s2)γ2)

h1 + s2 + h2 + r2(h2 + s2)2γ2

[
h2u+ s2y2

h2 + s2

+ u− x

r(h2 + s2)
− p1

]
+
h1(h2 + s2) (1 + r2(h2 + s2)γ2)

h1 + s2 + h2 + r2(h2 + s2)2γ2

x

(r2(h2 + s2)2γ2 + h2 + s2)
.

Denote H1 = λr
h1(h2+s2)(1+r2(h2+s2)γ2)
h1+s2+h2+r2(h2+s2)2γ2

+ (1− λ)r h1r2(h2+s2)2γ2
h1+r2(h2+s2)2γ2

and rewriting yield

p1 =
h2u+ s2y2

h2 + s2

+ u− x

rh2

− 1

H1

[
x1 −

λh1

h1 + s2 + h2 + r2(h2 + s2)2γ2

x

]
.

To calculate E(Dl1), replacing the above price expression p1 into the demand function Dl1

and taking expectation of x1, we have

E(Dl1) =
h1 + γ2(s2 + h2)(s2 + h2 + h1(2− λ))r2 + γ2

2(s2 + h2)3r4

h1λ+ γ2(s2 + h2)(s2 + h1 + h2)r2 + γ2
2(s2 + h2)3r4

x,

and

∂E(Dl1)

∂s2

= −γ2h1(1− λ)r2(2s2 + h1 + 2h2 − h1λ+ 4γ2(s2 + h2)2r2 + 2γ2
2(s2 + h2)3r4)

(h1λ+ γ2(s2 + h2)(s2 + h1 + h2)r2 + γ2
2(s2 + h2)3r4)2

x < 0.

As the sign of partial derivative of short-term trading of long-horizon investors is the same

as the sign of E(Dl1), we derive that short-term trading of long-horizon investors decreases

in s2.
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