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Abstract

We study how the frequency of information disclosure affects the cost of capital and traders’
welfare under different market conditions. In competitive markets, gradual disclosure reduces
uncertainty over time, enhances risk-sharing, and improves welfare for all traders. In non-
competitive markets, where informed traders possess market power, increasing disclosure fre-
quency reduces the initial cost of capital, as informed traders spread their trading over time.
While more frequent disclosure continues to benefit uninformed traders, it may negatively im-
pact informed traders, who trade based on both private information and liquidity shocks, as
higher disclosure frequency increases the cumulative costs of hedging. Our findings suggest
that firms may opt for less frequent disclosure when their decisions are influenced by institu-

tional traders with monopoly power.
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1 Introduction

Financial markets rely on information disclosure to reduce information asymmetry, facili-
tate trade, and promote risk sharing. Since the 1930s, US regulators have expanded mandatory
disclosure rules to increase both the quantity and frequency of firms’ information disclosure.
At the same time, there has been a significant increase in firms’ voluntary disclosure. There
exists extensive research on the effects of information quantity conducted by both regulators
and academics.! However, research on the effects of the frequency of information disclosure
by firms—a crucial aspect influencing market dynamics and participants’ welfare—is very lim-
ited.” In this paper, we examine how the frequency of information disclosure affects cost of
capital and the welfare of market participants. Specifically, we aim to address the main ques-
tion: Are financial market participants better off with more frequent information disclosure?
For example, are investors better off if firms release information on sales and other key metrics
on a quarterly, monthly, weekly, or even more frequent basis?

We find that the implications of disclosure frequency critically depend on the composition
of investors, traders’ trading incentives (whether driven by information or hedging), and the
degree of market competitiveness. In competitive markets, future public disclosure does not af-
fect the initial cost of capital. Both informed and uninformed traders benefit from a progressive
disclosure of information. This approach reduces uncertainty over time, enhances risk-sharing
among traders, and thus increases market participants’ welfare. In contrast, in non-competitive
markets, where informed traders generate price impact through their trading, increasing disclo-
sure frequency reduces the initial cost of capital, as informed traders spread their trading over
time. While more frequent disclosure continues to benefit uninformed traders, it may neg-
atively impact informed traders, who trade based on both private information and liquidity

shocks, as higher disclosure frequency increases the cumulative costs of hedging.

ISee, for example, White (2013); Higgins (2014), Dugast and Foucault (2018); Chapman, Reiter, White, and
Williams (2019); Goldstein and Yang (2019), among others.

2Existing research on disclosure frequency primarily focuses on the empirical effects on the cost of capital and
price informativeness. See, for example, Gigler and Hemmer (1998); Jo and Kim (2007); McMullin, Miller, and
Twedt (2019).



Our paper suggests that firms with a competitive and diverse institutional investor base
might benefit from a gradual approach to information disclosure, progressively releasing in-
formation as it becomes available. In contrast, firms with highly concentrated institutional
ownership—characterized by a few investors holding a large share of the equity—might opt
for less frequent disclosures due to the influence of institutional traders with monopoly power.

To elucidate the underlying mechanisms of the main results, it is essential to consider how
risk sharing among traders is measured. Risk sharing is influenced by two primary factors: the
price factor, or the risk premium—which is the expected excess return an investor demands for
holding a risky asset—and the size factor, represented by the trading volume. A higher trading
volume indicates increased trading activity between informed and uninformed traders, signal-
ing a wider scope of risk sharing.

In a competitive market, the release of public information typically leads to an increase in
trading volume and a decrease in risk premium. The rise in trading volume occurs as traders
react to the new information, adjusting their positions accordingly. At the same time, the risk
premium is reduced, due to reduced market uncertainty. Since both trading volume and risk
premium affect welfare, the welfare response to increased information quantity is not mono-
tonic. Investors’ welfare initially increases, reaching a peak as more information is released, but
then declines when there is an overload of information, aligning with Hirshleifer effect (Hir-
shleifer (1978)), which posits that excessive information can diminish the scope of risk sharing.
When the same amount of information is divided and released gradually, it fosters higher overall
trading volume, with trades occurring at prices that reflect a greater risk premium compared to
a single, comprehensive disclosure. This gradual information release reduces the risk premium
more slowly while increasing trading volume, thereby improving risk-sharing among traders.
Consequently, the incremental release of information benefits both informed and uninformed
traders in a competitive market.

In contrast to competitive markets, where welfare predominantly hinges on risk-sharing,

welfare in imperfectly competitive markets, where informed traders generate price impact through



their trading, is influenced by both risk-sharing and price impact costs. In these markets, trades
by informed traders typically move prices against them but benefit uninformed traders on the
opposite side. Consequently, the price impact acts as a form of compensation from informed
traders to uninformed traders, facilitating trade. This dynamic introduces additional costs for
informed traders, diminishing their welfare while enhancing that of uninformed traders. As a
result, the effects of the quantity and frequency of information disclosure on traders’ welfare
diverge significantly from those observed in competitive markets.

Increased quantity of information disclosure initially leads to improved risk-sharing. How-
ever, beyond a certain threshold, similar to the scenario in competitive markets, the level of
risk-sharing starts to decline. Similarly, the total cost of the price impact initially increases with
more information being disclosed due to heightened trading activity but begins to diminish as
even more information is released. Therefore, for uninformed traders who benefit from both
risk-sharing and price impact costs, their welfare improves with more public information dis-
closure up to a point, after which it starts to decrease. The impact of information disclosure
on the welfare of informed traders is intricate, influenced by the interplay between risk-sharing
and price impact costs. Public information disclosure increases trading volume, enhancing
risk-sharing but also raising total price impact costs. For informed traders primarily motivated
by hedging, the increased price impact costs outweighs the benefits of increased risk sharing,
negatively affecting their welfare. Conversely, for informed traders driven primarily by private
information, the benefits of expanded risk-sharing due to information disclosure can outweigh
the increased overall price impact costs, thereby enhancing their welfare.

Given the total quantity of disclosed information, uninformed traders consistently bene-
fit from more frequent releases of information. This positive impact results from incremental
disclosure that enhances risk-sharing and increases the overall price impact costs borne by in-
formed traders. This suggests that gradual information disclosure always benefits uninformed
market participants. However, the effect of disclosure frequency on the welfare of informed

traders is more complicated and largely influenced by their trading motivations. If an informed



trader’s trading is primarily driven by hedging demands, his welfare tends to decrease with
more frequent disclosures. In such cases, the rise in overall price impact costs due to grad-
ual disclosure outweighs the benefits of enhanced risk sharing. Conversely, when an informed
trader’s trading is primarily driven by private information, his welfare improves with increased
frequency of disclosure. In this scenario, the benefits from enhanced risk sharing due to grad-
ual disclosure outweigh the increased total price impact costs because the price impact per
unit is reduced by a larger magnitude due to decreased adverse selection compared to the case
with hedging-driven trading. For informed traders with more balanced trading involving both
hedging and private information, there is an initial increase in welfare with increasing disclo-
sure frequency, followed by a decrease. This indicates the presence of an optimal frequency of
disclosure for such traders.

Moreover, our paper shows that in an imperfectly competitive market, the risk premium
begins to decline even before public information is released—unlike in competitive markets,
where future disclosures do not affect the current risk premium. Anticipating future public
announcements, informed traders strategically shift part of their trading—both for private in-
formation and hedging—before the release and trade the rest afterward to minimize overall
trading costs. This behavior helps smooth market liquidity over time and reduces the price im-
pact. As a result, the cost of capital prior to public disclosure declines. When total precision
is held constant, increasing the frequency of disclosure leads informed traders to spread their
trading more evenly across periods, further lowering the price impact. Consequently, higher
disclosure frequency results in a monotonic decline in the initial cost of capital.

Our paper sheds light on how the ownership structure of institutional investors influences
a firm’s information disclosure approach. It suggests that firms with a high concentration of
institutional ownership, where a small number of investors hold substantial equity, may adopt
less frequent information disclosure. This can be attributed to the monopolistic influence of
these major investors. In contrast, firms with a more diversified and competitive institutional

investor base may disclose information gradually, as it becomes available, rather than in infre-



quent batches. Moreover, if a firm receives information in a lumpy fashion, smoothing public
disclosures can enhance risk-sharing. Therefore, our paper highlights the importance of con-
sidering the investor composition, their trading motivations, and market competitiveness when
analyzing the impact of a firm’s disclosure practices. These insights are useful for regulators
aiming to promote effective risk-sharing and improve the welfare of market participants.

Our paper contributes to two streams of literature. First, it contributes to the understanding
of the impacts of information disclosure frequency. One contemporaneous and complemen-
tary theoretical paper by Jiang, Wei, Yang, and Zhang (2023) examines the impact of frequent
public disclosure on price informativeness and cost of capital in competitive markets. They find
that more frequent disclosure unequivocally increases price informativeness and subtly affects
the ex-ante cost of capital. In contrast, our paper highlights that, in imperfective competitive
markets, the effects of frequency of information disclosure on traders’ welfare diverge signifi-
cantly from those observed in competitive markets. Our model reveals that, with imperfective
competition, information disclosure frequency can reduce the ex-ante cost of capital prior to
disclosure, offering alternative empirical and regulatory insights. The other theoretical work
by Rostek and Weretka (2015) develops a dynamic equilibrium model focused on asset pricing,
trade, and consumption in markets characterized by large institutional investors who are aware
of their impact on prices. Their paper emphasizes the timing effects of information disclosure
on market welfare and liquidity. It concludes that while postponing information disclosure can
improve consumption and welfare by enhancing diversification before risk resolution, it also
results in periods of reduced market liquidity. Brennan and Cao (1996) analyze the value of im-
proved trading opportunities in a competitive market, either through more frequent trading in
the underlying asset (driven by more frequent information disclosure) or by trading in a deriva-
tive asset. They demonstrate that the welfare gain for an individual investor from increased
trading frequency is positively related to that investor’s trading volume. Furthermore, they show
that as trading approaches continuity, Pareto efficiency is achieved. Additionally, they illustrate

that trading in an appropriate derivative security allows Pareto efficiency to be attained in just



a single trading round. Different from both papers, our paper highlights that the welfare impli-
cations of information disclosure frequency critically depend on the composition of investors,
traders’ trading incentives, and the degree of market competitiveness.

Second, our paper contributes to the literature on the relationship between institutional
investors and the information environment of firms (see, for example, Armstrong, Balakrish-
nan, and Cohen (2012); Boone and White (2015); Bird and Karolyi (2016)). Empirical evidence,
as highlighted by Bushee and Noe (2000), generally indicates a positive association between
institutional ownership and the quality of a firm’s information environment. However, recent
studies (Chen and Jung (2016); Baik, Kim, Kim, and Patro (2020)) present a more nuanced view,
especially regarding hedge fund ownership. These works suggest that, unlike other institutional
investors, hedge fund ownership may adversely affect voluntary disclosure practices in portfo-
lio firms. Our model proposes a theoretical framework to reconcile these seemingly contradic-
tory findings. We provide an argument that hedge fund investors, in contrast to other types
of institutional investors, possess considerable informational market power and may face fre-
quent re-balancing pressures. Consequently, firms with significant hedge fund ownership are
likely to engage in less frequent information disclosure practices. In contrast, ownership by
competitive non-hedge fund institutions may correlate positively with the extent of a firm’s in-
formation disclosure. Moreover, consistent with the implications of our model, Ge, Bilinski, and
Kraft (2021) document that concentrated institutional ownership reduces firms’ voluntary dis-
closure, as measured by the propensity to issue management forecasts, the comprehensiveness
of guidance, the likelihood of engaging in conference calls, and the number of 8-K filings.

The paper is structured as follows: Section 2 presents the model. Section 3 analyzes the
competitive equilibrium and examines the effects of the quantity and frequency of public in-
formation disclosure on cost of capital and market participants’ welfare. Section 4 presents the
imperfectly competitive equilibrium and explores the implications of information disclosure

frequency on cost of capital and welfare. Section 5 concludes. All proofs are in the Appendix.



2 The Model

We consider a multi-period model of trading in a market with two groups of traders: a mass
of N; identical informed traders, and a mass of Ny identical uninformed traders, denoted by
superscripts I and U, respectively. Traders can trade one risk-free asset and one risky security
at dates 1,..., T. The risk-free asset has a zero supply and serves as the numeraire and thus the
risk-free interest rate is normalized to 0. The total supply of the risky asset is ©, and each share
pays a liquidation value of V ~ A vV, T‘_/l) at the final date T + 1, where V is a constant, T‘_/l >0,
and .4/ denotes the normal distribution. No investor is endowed with any risk-free asset. Each
investor of type i € {1, U} is initially endowed with 6 | shares of the risky asset, making the total

supply of the risky security equal to the total endowment, i.e., © = N;61 Lt NUBEJI.

v —_—
N; Informed Traders X 51 52 ST XV -7
H :V+51 :V‘l‘gz :V+5T R
Ny Uninformed Traders Py Py P, Pr 4
t=0 1 2 T T+1

Figure 1. Timeline of the model.

Figure 1 illustrates the timeline of the model. At the start of trading (# = 0), informed traders
may receive a private signal

v=V+n, (D

about the liquidation value V, where 1 is an independent noise following a normal distribution

n~AN071, 13 To prevent informed investors’ private information from being fully revealed

3To make the intuition of our main result as clear as possible, the precision of the private information at date 0
is given in our model. Our model can be extended to include date —1, before trading, where the informed traders
can acquire a costly signal with a precision of 7; at a cost of ¢(z,) := kr%, where k is a positive constant. Thus,
T, is a decreasing function of k. The main results remain qualitatively similar with endogenous information ac-
quisition. Increasing the frequency of information disclosure may still negatively impact informed traders in a
non-competitive market. For example, if it is too costly for informed traders to acquire private information with
high precision and their trading is primarily driven by hedging, increasing the frequency of information disclosure
makes them worse off in a non-competitive market.



in equilibrium, we assume that each informed trader is also endowed with X shares of a non-
tradable risky asset, where X ~ A (0, r;(l).4 The quantity of this nontradable asset, independent
from V and 7, is only observable to informed traders and can only be liquidated at T + 1. With-
out loss of generality, we assume that each unit of the nontradable asset pays a liquidation value
of V-V at t = T+ 1.° In this setting, informed investors, characterized by dual trading motives,
initially demand liquidity in the market, whereas the uninformed traders initially provide lig-
uidity.

At each of the dates ¢ = 1,..., T, public information regarding the liquidation value of the

risky asset may be disclosed:
St = V+ Et, (2)

where ¢; is an independent noise term following a normal distribution .4'(0, 7, ;). By altering
the precision 7, ; of the public information for each period, we can examine the effects of both
the quantity and frequency of information disclosure. We define
t
Ti=) Tes VEELT] 3)
s=1
as the cumulative quantity of information disclosed up to time t. Therefore, 71 represents the

total amount of public information disclosed by the final trading period T.

N, Informed Traders 52 St
H — V + 82 — V + ST R
Ny Uninformed Traders Tep =1 Ter = 0.1
t=0 1 2 T T+1

Figure 2. Adjustable quantity and frequency of information disclosure.

4Similar to Vayanos and Wang (2012) and Goldstein, Li, and Yang (2014), to keep information from being fully
revealed in equilibrium, we assume that informed investors have two trading motives. They have liquidity shocks
in addition to private information. One can interpret this assumption to mean that there are some pure liquidity
traders who trade in the same direction as the informed.

5In general, we can assume that the nontradable asset has a payoff correlated with V. The correlation between
the nontradable asset and the security results in a liquidity demand for the risky asset to hedge the nontradable
asset payoff. This generalization would not yield qualitatively different results.



In Figure 2, we provide an illustrative example where 7. = 1 and 7., 7 = 0.1, implying that
more information is released at ¢ = 2 than at ¢t = T. Additionally, setting 7,,; = 0 indicates that
no information is released at ¢t = 1. By adjusting 7, ; to various values, including zero, we can
effectively control the timing and frequency of information disclosure in our model.

Define Z, := (Zy, 2, ..., Z;) for any stochastic process {Z;}, representing the history of Z; up
to t. On each date t, each informed investor chooses a demand schedule @{ (v, X,s,; -). Each
uninformed trader chooses a demand schedule ©Y (). The schedules ®! and ®V are traders’
strategies. Given prices P,, the quantities demanded by informed and uninformed investors
can be written as 9{ = @{(v, X,s,,P,) and 9? = @?(gt,gt).

Let 97; denote a type i investor’s information set at period ¢ for i € {I,U}. Investors’ infor-

mation sets can be written as
I_ U _
F, = X,s,P,}, F, =15, P} (4)

Given prices P,, for type i € {1, U}, a type i investor’s problem is to solve

maxE[-e 4" W | F]), (5)
0;
where W} ., and A’ represent the final wealth and risk aversion coefficient of type i traders,

respectively, and

T
Wi =W =Y 0;{-0[_)P+0.V+X(V-V),

t=0 (6)

T
wl, =wY - ;)(By—egl)PﬁQlT]V,
t=

where W =0 i 1 V is the initial wealth of a type i investor.

3 A Competitive Market

To examine the effects of varying information disclosure frequencies under different market

conditions, we first solve for the equilibrium in a competitive market, where both informed and



uninformed traders are price takers. The definition of a Bayesian Nash equilibrium is given as

follows.

Definition 1 (Competitive Equilibrium). A competitive equilibrium (@{(PI), @?(Pt), Py) is such

that

1. given any Py, G)é(Pt) solves a type i investor’s Problem (5) for i € {I, U}, where the informa-
tion set of the informed and the uninformed traders is as given in equation (4);

2. Py clears the risky security market, © = N;®!(P,) + Ny®Y (P,), and the risk-free asset mar-
ket;

3. for every realization of the signals {s,}, v, and X, the beliefs of all investors are consistent

with the joint conditional probability distribution in equilibrium.

3.1 The Equilibrium

We focus on a linear equilibrium where the equilibrium stock price can be expressed as a
linear function of the state variables in the model.

At t = 0, both informed investors’ private signal v and liquidity shock X affect informed
investors’ trading and thus the equilibrium price. From market price Py, other investors can

only infer the value of the composite signal

So = U—hX:V+€0, (7)
where
Al
go=n—hX~N (0,151, h:r_’ 7o' =1, + hPry (8)
n

Therefore, Py is informationally equivalent to the composite signal sy, which is a linear com-
bination of informed investors’ private signal and the amount of the nontradable risky asset.
Therefore, the information set at period ¢ for uninformed investors & tU = {80, ,}.

We obtain the following lemma on the dynamic Kalman filtering formulas.

10



Lemma 1. (Kalman filtering). At t, fori € {I, U}, trader i’s estimate of the stock’s liquidation value

Vi:=E[V | &} and trader U’s estimate of the liquidity shocks XV := E[X, | U] are

ST ol I I oU_ U U_. U U_ U U U

Vi=Vi_1+oy,Tere, Vo =V +oy, 1, X =X ,+Ky e/, )
where

el=s,~V! |, forie{l,U andt=1, andel=v-V, eéj =s0-V, (10)

)A(ffl =0, V_Il = V_l]l =V, the coefficient th is defined in (A-13) in the Appendix, and the condi-
tional variances of 'V for informed and uninformed traders at t are,
I 1 ! -1 U U 4 -1
OV,II=Var[V|9t]=(Tv+ZT5,s) , oy, =Var[V|Z, I=(tv+ ) 15),
s=0 s=0

whereteg =Ty, To:= (T, + e )™ andts =1, fors= 1.
Proof. See Appendix A.1. O

Lemma 1 shows that informed traders’ estimate V/ can be written as a recursive equation
of VtI_1 with an innovation term s; — VtI_ , and uninformed traders’ estimate (VtU,XtU ) can be

expressed as a recursive equation of (VtU Xff ) with an innovation term s; — Vﬂ 1~ The condi-

1
tional variance and mean of the security’s payoff for traders have intuitive expressions. Specif-
ically, the conditional variance of the payoff corresponds to the inverse of the total precision of
traders’ signals, while the conditional mean of the payoff (or the estimate of V) is determined
by the precision-weighted average of signal innovations.

The sufficient statistic V/ — u; X is a composite signal of informed traders, capturing their

dual trading motives: speculating based on private information and hedging against risks from

liquidity shocks. The noise-to-signal ratios p; is
1,1 I d -1
pe=Avoy,=A (tv+) Tes) - (11)
s=0

Since the sufficient statistic V/ — ;X can be inferred by uninformed traders from prices, it fol-

lows that th —pu X = VtU - X U. Equation (11) implies that the noise-to-signal ratio for unin-

11



formed traders p; decreases over time, as prices progressively convey more information about
informed traders’ estimation of the stock value.
The following proposition provides the equilibrium prices and equilibrium quantities at ¢

(t=0,1,2,...,T) in closed form.

Proposition 1. 1. The equilibrium stock price is

N,
~ T ~U AIOI{/,t
Pt:w,(Vt —,utX)+(1—a)t)Vt —ﬁ, where a)tzﬁ (12)
Aloj,, ~ AUol, Aloj,, ~ AUol,
2. The equilibrium quantities demanded at t are
I_ U_ _su, ®
Ni0; =0-Ni(1-wq)¢;, Nyl; =Ni(1-wp)¢p;, where ¢;=X; + N (13)
I
3. The value functions are
]l{ _ _pge—AI[W{+XV,I+%m{¢§+%u,(1—w,)()2§f)2]’
(14)
]ly = —p?e_AU[WtU+%my¢%],

I _ _ U_ _Nr 1 I U . . )
where m; = —pw(1 - wy), m; = Ny M Py and p; can be computed recursively using equa
tions (A-47) and (A-37).

Proof. See Appendix A.2. O

Proposition 1 implies that the equilibrium price increases with informed traders’ composite
signal (V! — p,;X) and uninformed estimate of the asset’s liquidation value (V\V) and decreases
with the total supply of the asset, as shown in equation (12).

The positions of investors are influenced by their updated estimates of payoffs, realized
hedging demands, and the risk premium they require. Consequently, the quantities demanded
at time ¢ are influenced by the discrepancy between informed investors’ composite signal and
the uninformed traders’ estimate of the asset’s liquidation value, as well as the differential in
risk premiums. As suggested by equation (13), holdings by informed investors decrease with

XIU whereas those by uninformed investors increase with it. Intuitively, if uninformed traders

12



were to experience identical liquidity shocks and share the same level of risk aversion as in-
formed traders, their quantities demanded would be identical. Therefore, trading activity pri-
marily stems from differences in liquidity shocks, as indicated by the variations in estimates of

these shocks and the associated estimation of the risk premium.

3.2 The Effects on Cost of Capital

Proposition 2. In a competitive market setting, future information does not influence the current

price or the quantities of stock holdings and thus it does not affect the current cost of capital.
Proof. This follows directly from Proposition 1. O

Proposition 2 suggests that, at time ¢, the coefficients defining both the price and stock
holdings depend solely on the precisions of information available up to and including time

t. From equation (12), the risk premium at ¢ is

®
BIV =P/l = —— (15)

1,1 U,U
on’t A oy,

The explicit formula of the expected trading volume, Vol =E[N; |6/ - 0! | |], is computed and
detailed in Appendix A.3. Both the risk premium and expected trading volume at time ¢ de-
pend only on the information available up to and including time ¢. When new information is
disclosed at time ¢, the risk premium tends to decrease as uncertainty is reduced.

In a competitive market, the anticipation of future public information does not affect the
current risk premium or expected trading volume. However, the actual disclosure of informa-
tion can lead to an increase in trading volume and a reduction in the risk premium. Since the
risk premium is often used as a measure of a firm’s cost of capital (as discussed in Goldstein
et al. (2014)), it follows that in a competitive financial market, the anticipation of future public

information does not affect the firm’s current cost of capital.
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3.3 The Effects on Welfare

In this section, we examine the effects of information disclosure frequency on market par-
ticipants’ welfare.
Equation (14) presents an analytical expression for trader i’s (i € {I, U}) utility function at ¢,

J ; The ex-ante utility and certainty equivalent wealth of trader i are represented as follows:
i i i_ 1 i
W' =E[J,], CE :—Elog(—ﬁ/ ). (16)

Our goal is to assess how public information disclosure influences traders’ ex-ante certainty
equivalent wealth. For this purpose, we first calculate the certainty equivalent wealth in the
absence of public information disclosure (CE!, p) to serve as a reference point. This allows us to
quantify the effect of information disclosure by examining the change in certainty equivalent
wealth, denoted as

Agp:=CE'—CE},. 17

To understand the welfare implication of information disclosure, it is helpful to discuss how
to measure the extent of risk sharing among traders. The extent of risk sharing is influenced
by two key factors. The first is the price factor, which refers to the risk premium, essentially the
expected excess return demanded by an investor for holding the risky asset. The second factor is
the quantity, represented by the trading volume. A larger trading volume indicates heightened
trading activity between informed and uninformed traders, suggesting a broader scope of risk

sharing.

3.3.1 The Effects of Public Information Quantity

We first examine the effects of information quantity measured by the precision of public in-
formation. In the presence of information asymmetry, disclosing public information typically
results in increased trading volume and a reduced risk premium. The surge in trading volume

occurs as traders react to and incorporate the new information, adjusting their positions ac-

14



cordingly. Simultaneously, the risk premium diminishes, attributed to the enhanced informa-
tion environment that reduces market uncertainty. Thus, information disclosure yields con-
trasting effects on two critical factors: the size (trading volume) and the price (risk premium),

both of which are important in determining traders’ welfare.

" " T 0.05 i T )
24} —+--No Public Information Disclosure ] —+ No Public Information Disclosure
) ---%--- One-time Disclosure at ¢t = 2 with 7., = 0.1 - One-time Disclosure at ¢t = 2 with 7., = 0.1
One-time Disclosure at t = 2 with 7., = 1.0 0.045 - One-time Disclosure at t = 2 with 7., = 1.0
221 1
.2t 4 — 0.04%—— i = = = m b= — - - = Fmm—— - +
2 S [
2 | g LOS
7S1.8 -~
A 0.035 ¢
161 [ORR Mecsssessssassesansanes
0.03 |
14%
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1.2
0 1 2 3 4 0 1 3 4
t t
(a) Cumulative Trading Volume (b) Risk Premium

Figure 3. Cumulative Trading Volume (left) and Risk Premium (right) with Varying Precision of
Public Information. Parameters: T =4, Ny =5, Ny =10, Al =AY =1, 7y =1, =1L1x=1,
V=1,0= l,andef1 :9511.

To focus on the effects of information quantity, we keep the frequency of information dis-
closure constant. Consider a scenario where a single piece of public information is released. In
our model, when no new information is released, prices—and thus the risk premium—remain
unchanged. During these periods, traders transact based on the optimal quantities determined
by their existing information and hedging demands. The specific allocation of trading during
these periods does not affect traders’ welfare, as prices remain unchanged. When new infor-
mation is disclosed, traders adjust their optimal quantities, and prices are updated accordingly.
Suppose that this information release occurs at ¢ = 2, the left panel of Figure 3 plots cumulative
trading volume from time 0 to time ¢, comparing three scenarios: high information precision
(dot-dashed curve), low precision (dotted curve), and no information release (dashed curve).

Figure 3 depicts that higher precision in disclosed information results in greater total trading

15



volume and a corresponding reduction in the risk premium. Since both trading volume and risk
premium affect welfare, the welfare response to increased information quantity is not mono-
tonic. Investors’ welfare initially increases, reaching a peak as more information is released, but

then declines when there is an overload of information.

Proposition 3. Assume there is only one piece of public information. The optimal welfare for
both informed and uninformed traders is achieved when the precision of the public information,
denoted asT, is

Np

Ny
artnt Zuto

I'=1y+1, where T= , (18)

N, Ny
art A

andty = (TT_’ Ly hzr)‘(l)_l represents the precision of the signal inferred from the initial price Py

about the liquidation value V.
Proof. See Appendix A.5. O

Releasing some public information, rather than withholding it completely, is beneficial for
both informed and uninformed traders. According to Proposition 3, there is an optimal level
of precision for public information that maximizes welfare for both groups. Initially, as more
information is released, investors’ welfare increases, reaching a peak. However, past this point,
welfare begins to decline due to an overload of information.

In competitive markets, the welfare of traders is closely tied to the degree of risk sharing.
Too much information can lead to a significantly low risk premium, while too little informa-
tion might result in reduced trading volume. The peak of traders’ welfare, is achieved when
the precision of public information is moderate. Initially, the positive impact on trading vol-
ume outweighs the effect on risk premium, leading to increased welfare. Later, the influence
of reduced risk premium becomes more dominant, causing a decline in welfare. Equation (18)
shows that the optimal precision is determined by a weighted average of the precision of infor-
mation available to both informed and uninformed traders.

As illustrated in Figure 4 and shown in Proposition 3, investors’ welfare initially increases
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Figure 4. Changes in Certainty Equivalent Welfare for Both Traders (Aé ) Versus the Precision
of Public Information. Parameters: Ny =5, Ny =10, A'= AV =1, 1y =1, 1,=1,7x =1,V =1,
e=1, andHf1 :95]1.

with the release of more precise public information, reaching a peak. However, beyond this

point, it begins to decline.

3.3.2 The Effects of Information Disclosure Frequency

We next examine the impact of the frequency of information disclosure. For instance, con-
sider a scenario where the total precision of public information, denoted as 71, remains con-
stant. Does the method of releasing all information at once versus distributing it in two sequen-

tial parts make a difference? This question is addressed in the following proposition.

Proposition 4. (1) The welfare of both informed and uninformed traders improves when a fixed
amount of information is divided into two parts (i.e., TT = T,,1 + T¢2) and released sequentially

to the market. (2) When a fixed amount of information is divided into two parts, the welfare of

both informed and uninformed traders is maximized when: 1., = 2+TZT < %T This implies that
Ty+T

the optimal release scheme for both groups involves gradually disclosing an increasing amount

of information to the market over time.

Proof. See Appendix A.6. O
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Proposition 4 demonstrates that gradually dividing and releasing a fixed amount of informa-
tion to the market enhances the welfare of all traders. The left panel of Figure 5 illustrates the
cumulative trading volume when the information, with fixed total precision, is divided into two
pieces (dotted curve) or three pieces (dot-dashed curve), compared to releasing it all at once
(dashed curve). The gradual release increases total trading volume. Meanwhile, the right panel
of Figure 5 shows that gradual information release reduces the risk premium more slowly while
increasing trading volume. Consequently, trades occur at prices that reflect a higher risk pre-

mium compared to a single, comprehensive release. This enhances risk-sharing among traders.
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Figure 5. Cumulative Trading Volume (left) and Risk Premium (right) with Varying Information
Disclosure Frequency. Parameters: T=4,7r=1, N;=5 Ny =10, A'=AY =1, 7y =1, 1, =1,
7x=1,V=1,0=1,and 6 1= HEJI. Dashed curve represents scenarios with a single disclosure
at r = 3, with 7, 3 = 77; dotted curve represents two disclosures at t = 2,3, with 7,2 =T, 3 =77/2;
dot-dashed curve represents three information disclosures with 7,1 = 7,2 =73 =77/3.

Therefore, as Figure 6 demonstrates, the incremental release of a fixed quantity of informa-
tion is beneficial for both informed and uninformed traders in a competitive market. Nonethe-
less, the increase in welfare is upper bounded, as illustrated in Figure 6 and shown in Proposi-

tion 5.5

SFor expositional simplicity, in Proposition 5 and Figure 6, we focus on the case where the total precision is
equally split for each release. When the majority of the information is released in the earlier periods, the scenario
resembles one with less frequent disclosures, which is suboptimal.
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Figure 6. Changes in Certainty Equivalent Welfare for Both Traders (A lc ) Versus Varying Infor-
mation Disclosure Frequency. Parameters: N; =5, Ny =10, Al= AV =1, 10 =1, 1., =17/T,
ty=1,1,=1,7x=1,V=1,0=1,and 67, =6Y,.

Proposition 5. With a fixed total precision T 1, adopting a gradual approach to information dis-

closure, wheret. ; = *L, results in an increase in certainty equivalent wealth as

Tr

Ny 2 I Ny 2 U

. I _1 AU Tp—To E! . U _1 Al Tp—To EY

%EBOACE_Z(ﬂ+ﬁ_T,,—f) ar Hm Acg —z(ﬂ+N_U f—ro) AT

Al AU Al AU
where

EI _ T7(Ty—7) +In T+ r+TVv+Ty) U _ Tr(T0—T) +In (Ty+T)(Tr+TYV+T0)
Ty+T)TT+TY+T) (ty+Tp)(Tr+TV+T)’ (Ty+D)TT+TV+T) Ty+ro)Tr+TYV+T) "

Thus, for a fixed T T, the welfare of both traders is an increasing and concave function of T with a

bounded limit. The limit is increasing with T and bounded by

Ny 2 -
. . I _ 1 A_U Tp—T0 Tn—T Ty+7
lim lim A= (Nz ) ( - +1In ),

T7—00 T—00 2A! ﬁ+1[\‘7_g =T Ty+T Ty+Ty
Ny 2 (19)
: : u _ 1 Al Tn—To To—T Ty+T
Jim  fim Ace = g0 (M+N_g =70 | \mer TN Ta )
A A
Proof. See Appendix A.7. O

Proposition 5 indicates that while gradual information disclosure consistently enhances the
welfare of all participants in a competitive market, this benefit has a finite upper limit. This

limit is determined by the total quantity of information, 77, and other model parameters, as
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detailed in Equation (19).

4 An Imperfectly Competitive Market

We next examine how information disclosure frequency influences cost of capital and the
welfare of market participants in an imperfectly competitive market.

For expositional simplicity, let’s assume a market with a single monopolistic informed trader
(N7 = 1) and alarge number of uninformed traders, represented by a continuum with mass Ny;.”
The portfolio choice problems for both the informed trader and uninformed traders follow the
formulations in equations (5) and (6). The primary distinction in this imperfectly competitive
model is the inclusion of price impact in the monopolistic informed trader’s strategy. Specifi-

cally, the price impact, denoted as A, is defined by:

_op,

Adp= =
" 06!

(20)
The definition of an imperfectly competitive equilibrium is given as follows.

Definition 2 (Imperfectly Competitive Equilibrium). An imperfectly competitive equilibrium

(eLry),8Y (P, P;) is such that

1. given any P;, ®V (P,) solves Problem (5) for uninformed investors, where the information
set of traders is as given in equation (4);

2. The strategy ©1(P,) solves the monopolistic informed trader’s problem as outlined in equa-
tion (5), by incorporating the price impact A, as defined in equation (20).

Ny AU.j

Ul 0, " (Py), and the risk-free asset mar-

3. P; clears the risky security market, © = @{(Pt) + Z].:

kets;
4. for every realization of the signals {s,}, v and X, the beliefs of all investors are consistent

with the joint conditional probability distribution in equilibrium.

"While a closed-form solution is also possible for a market with oligopolistic informed traders (N; = 2), this
extension does not alter the qualitative nature of our results.
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4.1 The Equilibrium

As in the competitive market case, we focus on a linear equilibrium where the equilibrium
stock price can be expressed as a linear function of the state variables in the model. The follow-

ing proposition provides the equilibrium prices and quantities in closed form.

Proposition 6. 1. The equilibrium stock price is
Pi=w/P{+(1-w)P! - [0, (21)

where

A

Pl=V!-ux-glXV-flo+1,0",, PY:=V/-gVxV-fle. (22)

The coefficient u; is as defined in equation (11), the coefficient f;, the weight w;, and the price

impact of the informed trader A are given as

-1
1 N AP 4
ft:=( +_U) , Wpi= Ji =i >0, (23)

Mevyi oY S ey T 00] T Nu
where y! >0, gl <0, and f! > 0 for i € {I,U} and t < T can be computed recursively using
equations (A-132), (A-134), (A-140), and (A-144) in the Appendix. Their values at t = T are
Yi = Ao, andgh = i =

2. The optimal holdings at t are

1 U
1 Pt_p[ U_Pt_Pt

= = 24)
t I ’ t U (
Yt+/ll‘ Yi
3. The value functions in equilibrium are

2

e LA SO TR GO LHC
U AU[WU] 1@U)TMU(DU+(CU)T¢,U91 +imV 6! )2] (25)

o _p? t-172 vl

where the state vectors are defined as CD{ = (th X XtU oL, and q)gj = (VtU X,f] )L, the coeffi-
cients pl, M!, mt, and C! can be computed recursively using equations (A-151)-(A-154) and their

values at t = T are as given in equations (A-105) and (A-107) in the Appendix.
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Proof. See Appendix A.8. O

Proposition 6 suggests that the equilibrium price at ¢ increases in the reservation value of
both informed (P{ ) and uninformed (PLV ) traders, and decreases in the total supply of the se-
curity. The reservation value represents a critical price threshold: investors will long the risky
security if the market price is below this threshold, and short it if the price exceeds it, as detailed
in equation (24).

Equation (22) implies that, at period T, the reservation values for informed and uninformed

traders are:
PLi=Vl-purx+ar0L_,, PY:=V (26)

For an informed trader, the reservation value of the asset increases with both the composite
signal V]{ — prXr and the previous inventory 09_1 due to the price impact. An uninformed
trader’s reservation value increases with his estimate of the asset’s liquidation value, VTU . As
the final payoff V is realized at period T + 1, at period T informed traders adjust their positions
based on their updated payoff estimates and the realized hedging demand, while uninformed
traders make adjustments according to their updated payoff estimates.

For t < T, the reservation values of both traders are influenced by the informed trader’s
composite signal V/ — u; X, and the uninformed traders’ estimate VIU. This indicates that each
trader’s reservation value is affected by other traders’ estimates due to the presence of both
long-term stock positions and short-term speculative positions in their optimal demand. The
former relies on the trader’s estimate of the asset’s final payoff V?, while the latter is based on
the trader’s estimate of future trading prices. Since these future prices are influenced by both
groups of traders, the reservation price at period ¢ for each trader depends on both th — e Xy
and VU. By applying the market-clearing condition and the relationship V/ -y, X = VV—p, XY,

we can show that traders’ reservation values can be written as in equation (22).
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4.2 The Effects on Cost of Capital and Liquidity Dynamics

Proposition 7. In an imperfectly competitive setting, the precision of future information influ-
ences current prices and the quantities of stock holdings, as the coefficients are recursively solved

using backward induction.
Proof. The proof follows directly from Proposition 6. O

Proposition 7 implies that the equilibrium price P; and risk premium E[V — P;] in an imper-
fect market are influenced by the precisions of future public information. From Proposition 6,

the expected risk premium is:
E[V-Pl=(fi+off+1-w)f’)0-AwE6 ]

((FF+ 7 +yDAe+ f7y1) © + NuAZEIDL ) &7
')/{4'2/1[ )

Equation (27) implies that the risk premium is driven by two primary factors. The first is
the uncertainty surrounding the fundamental values of the asset, the asymmetry of informa-
tion, and the uncertainty of liquidity shocks. Specifically, the risk premium demanded by unin-
formed traders increases when the values of 7y, 7;, or Tx decrease. The second factor, distin-
guishing an imperfectly competitive market from a competitive one, is the role of price impact
costs and traders’ inventories, which are affected by the precision and frequency of upcoming
public information releases.

As shown in the right panel of Figure 7, in an imperfectly competitive market, the risk pre-
mium begins to decline even before any public information is released. The anticipation of
forthcoming public disclosures reduces not only the future risk premium but also the current
one. This occurs because informed traders, anticipating future disclosures, strategically shift
part of their trading—both for private information and hedging purposes—ahead of the an-
nouncements to minimize total price impact costs, as explained in more detail below.

Figure 7 further illustrates that information disclosure leads to an increase in total trading

volume (the size effect) and a reduction in the risk premium (the price effect). Since infor-
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Figure 7. Cumulative Trading Volume (left) and Risk Premium (right) with Varying Information
Quantity. Parameters: T =4, 77 =1, Ny =1, Ny =10, Al =AY =1, ty=11,=11x =11,
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Figure 8. Cumulative Trading Volume (left) and Risk Premium (right) with Varying Information
Disclosure Frequency. Parameters: T=4,77=0.1, N;=1, Ny =10, Al=AV =1, 7y =1, 1, =1,
7x=11,V=1,0=1,and 91 =0 U . Dashed curve represents scenarios with a single disclosure
atr=3,witht,3=77; dotted curve represents two disclosures at t = 2,3, with 7,2 =T,3=77/2;
dot-dashed curve represents three information disclosures with 7, = 7,2 =73 =77/3.
mation disclosure decreases the level of adverse selection, the size effect generally outweighs

the price effect. Thus, information disclosure can still enhance risk-sharing. When trading is

predominantly driven by hedging demands, the increase in risk-sharing due to information dis-

24



closure is relatively limited because adverse selection is less of an issue in these scenarios. In
contrast, when trading is primarily motivated by private information, public information dis-
closure can significantly mitigate the adverse selection effect and thereby considerably enhance
risk-sharing.

Similar to the competitive scenario, Figure 8 demonstrates that dividing the information
into multiple pieces, rather than releasing it all at once, leads to an increase in total trading
volume. Moreover, when information is released gradually, trades occur at prices that reflect
a higher average risk premium, since the risk premium declines more slowly over time. Con-
sequently, the average risk premium associated with gradual information disclosure increases,
accompanied by a rise in total trading volume. Hence, a gradual release of public information

can still enhance risk-sharing.
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Figure 9. The Changes of Initial Cost of Capital with Different Information Quantity (left) and
Disclosure Frequency (right). Parameters: T=10, N;=1, Ny =5, A/ =1, AV =2, 7y =1, 7, =11,
7x=1,V=10=10, and 0{1 = 9?1. Panel (a): One-time information disclosure at t = 2 with
different precision. Panel (b): Fixed amount of information 71 = 1 with different number of
disclosures.

The left panel of Figure 9 plots the cost of capital at time 0 against the precision of future
information disclosure. Compared to the case with no disclosure (i.e., 7,2 = 0), future informa-

tion disclosure reduces the initial cost of capital. However, this reduction is not monotonic in
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the precision of future information: the cost of capital initially decreases as precision increases,
but then slightly rises. The right panel of Figure 9 shows that the cost of capital at time 0 de-
creases monotonically with the frequency of information disclosure.

To understand the intuition behind these results, we first explain how public information
disclosures affect the dynamics of market liquidity. As illustrated in Figure 10, public disclo-
sures reduce the per-unit price impact, even though they tend to increase total trading vol-
ume. Anticipating future public announcements, informed traders strategically shift part of
their trading—both for private information and hedging—before the release and trade the rest
afterward to minimize overall trading costs. As a result, more frequent information disclosure

helps smooth market liquidity over time.
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Figure 10. Price Impact with Varying Information Quantity (left) and Disclosure Frequency
(right). Parameters: T =4, N; =1, Ny = 10, Al=AV =11y =1, ,=0.1, 7x =11, V=1,0=1,
and 01 1= 9511. Panel (a): One-time information disclosure at ¢t = 2 with different precision.
Panel (b): 77 =1, dashed curve represents scenarios with a single disclosure at ¢ = 3, with 7,3 =
77; dotted curve represents two disclosures at ¢ = 2,3, with 7, » = 7,3 = T7/2; dot-dashed curve
represents three information disclosures with 7,1 = 7,2 =7,3=77/3.

From Equation (27), the cost of capital at time 0 is given by:

(i + 7 +vDro+ fPvE) @+ NyA2eY,
)’(I) + 2&0

E[V —Py] = ) (28)
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where fOI , fOU, and y(l) are endogenous parameters at time 0 defined in Proposition 6 and B_Ul
is the uninformed traders’ initial endowment of the risky asset. We show numerically, across a
wide range of parameter values, that the cost of capital E[V — Py] increases with the price impact
cost at time 0 (Ag).

Thus, the prospect of future public information generally incentivizes informed traders to
shift part of their trading ahead of the announcements, thereby reducing the price impact. As a
result, the cost of capital prior to the public disclosure decreases.

As future public information becomes more precise, traders are further incentivized to shift
more of their trading both for private information and hedging demand to periods before the
public disclosure. This shift occurs because greater precision reduces uncertainty and decreases
the hedging benefits. As a result, the price impact before the public disclosure begins to rise,
as shown in Panel (a) of Figure 10. Therefore, the decline in the initial cost of capital becomes
non-monotonic in the precision of future public information.

In contrast, when total precision is held constant, increasing the frequency of future public
disclosures reduces the cost of capital monotonically. More frequent disclosure leads informed
traders to spread their trading more evenly over time, thereby further reducing the price im-
pact, as shown in Panel (b) of Figure 10. As a result, higher disclosure frequency results in a

monotonic decline in the initial cost of capital.

4.3 The Effects on Welfare

This section examines the impact of information disclosure on the welfare of market partic-
ipants in an imperfectly competitive market.

In a competitive market, trading by any individual investor does not affect market prices.
The welfare of both informed and uninformed traders is entirely dependent on the level of risk-
sharing achieved. In such a market, both trader types can reach peak welfare concurrently.
Conversely, in an imperfectly competitive market, the informed trader imposes price impact

while trading. This means that trades by informed traders move prices in a way that is disad-
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vantageous to them but favorable to the uninformed traders who trade on the opposite side.
Therefore, the price impact essentially acts as a compensation from the informed trader to
the uninformed traders for facilitating trades. The presence of price impact incurs extra costs
for the informed trader, reducing his welfare while increasing that of the uninformed traders.
Therefore, the effect of information disclosure on traders’ welfare differs from that in a compet-

itive market, distinctly affecting informed and uninformed traders.

4.3.1 The Effects of Quantity of Disclosed Information

In this section, we explore the effects of a one-time release of varying amounts of public in-
formation. Initially, as more information is disclosed, there’s an increase in risk-sharing. How-
ever, after reaching a certain threshold, similar to competitive markets, the extent of risk sharing
begins to decline.

Similarly, the cost of price impact initially rises with the increase in disclosed information,
a consequence of amplified trading needs. As more information is released, the price impact
costs begin to decrease due to reduced uncertainty. The peaks of both the scope of risk-sharing
and the total price impact costs increase with the precision of the informed trader’s private
information.

For uninformed traders, who benefit from both risk-sharing and the effects of price impact
costs, welfare improves as more public information is disclosed, but only to a certain extent.
Beyond this point, their welfare starts to decline, irrespective of the precision levels of private
information and liquidity shocks, as depicted in the left panels of Figures 11, 12, and 13. The
peak of welfare for uninformed traders is influenced by these precisions; notably, when the
informed trader observes more precise private information, the peak of welfare for uninformed
traders is reached at a higher level of public information precision.

The impact of information disclosure on the welfare of the informed trader is complex, de-
pending on the interplay between two main factors: the extent of risk-sharing and the level

of price impact costs. Public information disclosure leads to increased trading volume, which
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Figure 11. Changes in Certainty Equivalent Welfare for Both Traders (Aé ) Versus the Precision
of Public Information. Parameters: 7, =0.1, 7x =1.1, Ny=1, Ny =10, A’ =1, AV =1, 7y =1,
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Figure 12. Changes in Certainty Equivalent Welfare for Both Traders (Aic ) Versus the Precision
of Public Information. Parameters: 7, =0.5, 7x = 1.1, Ny =1, Ny =10, AT=1, AV =1, 7y = 1,
V=1,0=1and6’ =06Y,.

enhances risk-sharing opportunities but also raises total price impact costs. For an informed
trader whose trading is primarily driven by hedging needs, the rise in price impact costs out-
weighs the benefits of increased risk sharing, negatively affecting their welfare. This effect is
depicted in the right panel of Figure 11. On the other hand, if the informed trader’s trading is
mainly based on private information, the expanded scope of risk sharing offsets the increased

price impact costs, making information disclosure beneficial to their welfare, as shown in the
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Figure 13. Changes in Certainty Equivalent Welfare for Informed Traders (A E ) Versus the Pre-
cision of Public Information. Parameters: 7, =2,7x =2, N;=1, Ny =10, A’=1, AV =1,7y =1,
V=1,0=1and 6’ =06Y,.

right panel of Figure 13. In situations where hedging needs and trading on private informa-
tion are more balanced, the overall effect depends on the precision of the public information.

High precision in public information tips the balance in favor of expanded risk sharing, whereas

lower precision makes the heightened price impact costs more significant, as shown in the right

panel of Figure 12.

Figure 14. Changes in Certainty Equivalent Welfare for Informed Traders (Aé ) with Varying 7,
and 7x. Parameters: 77 =1, 77 =1, N;=1, Ny =5, A’ =1, AY=1,7y=1,V=1,0=1, and

o', =8,
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The impact of information disclosure on the informed trader’s welfare is influenced by their
trading motives, given the quantity of disclosed information. As illustrated in Figure 14, when
Tx is relatively small, as shown in the dark shaded region of the figure, indicating a substan-
tial liquidity shock, the public information disclosure tends to negatively impact the informed
trader. In contrast, when 7y is large, indicating a less pronounced liquidity, and the informed
trader’s trading is mainly driven by private information (indicated by a large 1), the informed

trader generally benefits from the release of public information.

4.3.2 The Effects of Information Disclosure Frequency

We next examine the effects of disclosure frequency on the welfare of both informed and un-
informed traders, while keeping the total quantity (1) of disclosed information constant. For
uninformed traders, the impact of more frequent disclosures is unequivocally positive. This
is because incremental information release broadens the risk-sharing scope and elevates the
overall price impact cost of the informed trader. Consequently, the welfare of uninformed
traders improves with the increase in the number of disclosures, regardless of the market con-
ditions, as demonstrated in the left panels of Figure 15, Figure 16, and Figure 17. This implies
that a gradual information disclosure always benefits uninformed market participants.

The impact of information disclosure frequency on the welfare of informed trader is more
complicated and largely influenced by his trading motivation. If the informed trader’s trading
is primarily driven by hedging demands, his welfare tends to decrease with more frequent dis-
closures, as illustrated in the right panel of Figure 15. In such cases, the increase in overall price
impact costs due to gradual disclosure outweighs the benefits of enhanced risk sharing. Con-
versely, when the informed trader’s trading is primarily driven by his private information, his
welfare improves with an increase in disclosure frequency, as depicted in the right panel of Fig-
ure 17. In this case, the benefits from enhanced risk sharing due to gradual disclosure outweigh
the increased price impact costs. For the informed trader with more balanced trading from

hedging and private information, there is an initial increase in welfare with increasing disclo-
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Figure 15. Changes in Certainty Equivalent Welfare for Informed Traders (A ’C ) Versus Varying
Information Disclosure Frequency. Parameters: T, =01, 71x=11, 70 =1 Ny =1, Ny =10,
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Figure 16. Changes in Certainty Equivalent Welfare for Informed Traders (A E ) Versus Varying
Information Disclosure Frequency. Parameters: 7,, = 0.5, 7x = 1.1, 77 =1, N; = 1, Ny = 10,
Al=1,AV=1,7y=1,V=1,0=1,and 67, =6Y,.
sure frequency, followed by a decrease. This indicates the presence of an optimal frequency of
disclosure for such traders, where the expanded risk sharing scope and heightened price impact
costs balance each other out, as demonstrated in the right panel of Figure 16.

In summary, unlike in a competitive market, the effects of disclosure frequency on the wel-
fare of informed and uninformed traders are different in an imperfectly competitive market.

Uninformed traders consistently benefit from more frequent information releases, due to broader
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Information Disclosure Frequency. Parameters: ,=2,1x=2,77=1, Ny =1, Ny =10, Al = 1,
AV=1,17y=1,V=1,0=1,and 0’ =0Y,.

risk-sharing and higher price impact costs imposed on informed traders. However, the impact
on informed traders varies: those driven by hedging demands see a decline in welfare due to
increased price impact costs, whereas traders driven by private information experience an in-
crease in welfare as the benefits of extended risk sharing outweigh the costs. For traders with
balanced dual motives, there is an initial welfare improvement, followed by a decline, indicating

an optimal level of disclosure frequency.

4.4 Model Implications

Our model illuminates the impact of institutional investor ownership on a firm’s approach
to information disclosure. It reveals that firms with highly concentrated institutional owner-
ship—characterized by a few investors holding a large share of the equity—might favor less
frequent disclosure. This tendency likely stems from the significant voting power and monop-
olistic influence these investors possess, which allows them to substantially influence the firm’s
disclosure strategies.

In contrast, firms with a more competitive and diverse institutional investor base are likely

to benefit from a gradual approach to information disclosure. These firms should aim to release
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information progressively as it becomes available, rather than infrequently.

Therefore, our study highlights the critical need to consider the composition of traders, their
trading motivations, and the level of market competitiveness when analyzing the effects of a
firm’s disclosure practices. Such an understanding is crucial for regulators tasked with fostering

risk-sharing among traders and enhancing the overall welfare of market participants.

5 Conclusion

This paper studies the effects of information disclosure frequency on cost of capital and the
welfare of market participants across various market settings. It distinguishes between com-
petitive and non-competitive markets, exploring the impact of gradual information release on
market dynamics and participants’ welfare. Our paper highlights that the implications of infor-
mation disclosure frequency critically depend on the composition of investors, traders’ trading
incentives, and the degree of market competitiveness.

In competitive market environments, future public disclosure does not affect the initial cost
of capital. Both informed and uninformed traders benefit from gradual information disclosure,
as it mitigates uncertainty over time and enhances risk-sharing. This suggests that, in compet-
itive markets, firms should adopt a gradual information release strategy.

In contrast, in non-competitive markets, where informed traders generate price impact
through their trading, increasing disclosure frequency reduces the initial cost of capital, as in-
formed traders spread their trading over time. While more frequent disclosure continues to
benefit uninformed traders, it may negatively impact informed traders, who trade based on
both private information and liquidity shocks, as higher disclosure frequency increases the cu-
mulative costs of hedging. Consequently, our paper suggests that in scenarios involving insti-

tutional investors with monopolistic influence, firms may disclose information less frequently.
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A Appendix

A.1 ProofoflLemmal

To derive the filtering equations, we use the results in the following lemma, the proof of

which can be found in Liptser, Shiriaev, and Shiryaev (2001).
Lemma 2. Let
xt:Atxt_1+Bt£x,[, y[:Htxt'FEyy[, r=1,2,..

X; is the n-vector of state variables at t, y; is the m-vector of observations at t. A;, By and H;
are, respectively, (n x n), (n x k), (m x n) constant matrices. {€x, t = 1,2,..} and {€y,, t = 1,2,...}
are respectively a k-vector and an m-vector white Gaussian sequence. &y, ~ N (0,Qy), €y, ~

N (0,Ry), and xg ~ N (X0, Zx,0). X0, {€x,¢} and {€y,;} are independent. Let
X=X =Elxflyr:1=7=1], Or=0;=E[(x;—Xp)(x;— fCt)TU/r l=st=1].
Then,

ApXi 1+ Ke(yr — HiAiX—1), Or=Up— Kth)(AtOt—lAtT + BtQtBtT),

Xt

K; (A,0,1A] +B,Q;B]YH] [H,(A,0,_1A] +B,Q;B)H] +R,17".

where I, is the (n x n) identity matrix.

We can now solve for the informed filters th by applying this lemma. Make the following

substitution: x; = xo =V, €5 =0, y; = Vs, €y,+ = €, S0 the constant matrices are

A;=1, H;=1, Q;=0, R/=1,}. (A-1)
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By definition X; = th, O; = 0{/,t’ so by the above lemma, we have O‘Im =(1- K,{)OIV,I_1 and

1 1 Oy s

1 Vit—1 I
+ Té"[, Kt = I _1 = 0‘/’1,‘[3,[‘, (A-Z)
OV,t—l +T£,t

I
OV,L‘ (]

V,t-1
ie, K tI can be expressed in terms of 0‘1/ 1 and {0{/ ,} can be expressed recursively with the initial

value 0{/0 = ‘L';l. Now we can express informed investors’ expectation as follows:

vi=vl +Klel, el =5~V ~¥0Z]), fort=1,..,T, (A-3)

1

I_
where X, = oy,

-1 I_ %
T andeg=v-V.

We can now solve for the uninformed filters VU and XY by applying this lemma. Make the

following substitution:

0
Xt =Xo = y Ext= s Ye=Sn  Eyr=Er (A-4)
0
The constant matrices are
10 »
Ar=1I = , Hp= (]. _ht)’ Ql’ =0, R;= Te ¢ (A-5)
01

Since s; = vy — h;X =V — h; X + €;, by definition

5 U U U
0 0
%, = ¢ C0,= V,t VXt ’
xy oYy t Ogt
where 0%/] X = COV?(V, X). Therefore, by the above lemma,
U U
1 1 1 oy, ,—hioy, .
KtU _ Fot_l _ F V,t-1 VX, -1 ’ (A-6)
t —hy t ng -1 thX t—1
1 1 —h
Or = Or1—=501 O¢-1, (A-7)
2 ~h, h?
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where ZU is a scalar determined by O,_; and h;

>V =H,0,1H/ + Ry =0y, —2h0yy ,_, +h70{ , | +T, = Var] | (s). (A-8)
Thus, the elements of O; can be determined by the elements of O;_;:
u _ U 1 v ooV 2 U _ .U I 'y ol 2
Oy = OV,t—l_Z_U(OV,t—l_ 0y x,i-1)" Ox,t—ox,t—l_g(ovx,t—l_ 10x,1-1)"
t t
U _ U U U U U
Ovxt = Ovxi-1— g(ov,t—l —hioyyx . )0yx g —hiox ).
t
Reversely, O;_; can be determined by O; as
U U U 2 -1
U [OVtOXt (va,z) 1y = OVt &t
Oy, , = , (A-9)
Vit-1 2 U h h2 -1
Vt_ Ovx, t+0 “Tet
u U 2_oU ;-1
U Oy:0x,+~ (OVX D 0% Ter
Oxt-1 = 2 1 (A-10)
OVt_ZOVXtht"'Oth -1,
-1
U [OVt X,t (OVX t) 1h; = VX Vet
0 = (A-11)
VXi-1 —20Y., h;+0Y h?-171
Vt VX't T VX et &t
Thus, if we take a guess of OT ,» then all the {OY} for t < T—1 can be computed recursively, and
_1 0
U . . . o e, TV
{O7_,} can be pinned down recursively with initial value Oy =
-1
0 7y
Moreover,
T‘%
Z%] = Var? 1(s0) = £ (A-12)
- -1 U 2y’
Te,t_(OV,t 20 VX tht+0 tht)
which can be proved positive.
U
Similarly, KV = [ " | can be expressed by OV:
KY,
—h0Y oY, —h0Y
U V, tYvxt U VXt Xt I I
KVJ = -1 v RAxe = -1 , Ki = Oy Te,z- (A-13)
Ter Tet
us, an or t < T —1 can be determine e initial guess o _,an ¢
Thus, {OY} and {K[} for r < T —1 can be det d by the initial g fOY | and {h;}
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(where hg = hand h; =0for t =1,...,T), and so does

U U U
1% VUl ok

v, ~ ~
A=l Ut [s,— (VY —h XY ). (A-14)
Xt Xt—l KX,t

U_ % U U U U_ U -1, p2.-1
Lete; =s,— (V.. —h:X.”)). Soe; ~A(0,X)), where Xy = oy, | +7,,+hTy .

Fort=1T,T—-1,..,1, the recursive expression of state variables is

I
1 0 0 0 K, y
0o 1 0 0 0 foe
H! = , Fl= , B/ =|KY, (A-15)
0 K g1 1=K 1 0 KY, '
0
0 0 0 1 0

A.2 Proof of Proposition 1

To derive the optimal holdings and price, we use the following lemma.

Lemma 3. Let u be an n x 1 normal vector with mean @ and covariance matrix X, A a scalar, B
an nx 1 vector, C an n x n symmetric matrix, I the n x n identity matrix, and | M| the determinant

of a matrix M. Then,

E,expi-plA+BTu+ LT cup = ;exp{—p[A+BTﬂ+lﬁTClZ
¢ 2 T+ pC3] 2

—%p(B +Ci)' (Z7 '+ pO) B+ Cw)l}.

We solve the model backward. The final wealth of informed trader i is

Wil =wh +oL (v - P+ (V- V)X, (A-16)

The expected utility of informed traders at £ = T is
AW 01 (V) =Pr)+ (V-7 X- L Al ol, 01+ X)? .

EL[—e A Win]=—¢ (A-17)
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Taking the first order derivative with respect to 9%’. yields

. VI-Pr
07 +X=——— (A-18)
Atoy ¢
and the second order condition, A’ 0{, r >0, is satisfied automatically.
Similarly, the final wealth of uninformed trader j is
uU,j Uj , Ui
Wt =Wl +0,.7 (V- Prp). (A-19)
Thus, the expected utility of uninformed traders at t = T is
—Avw?i —AV w400 (VY —pr)-L AVoU (6Y)7)?
Ef[—e™ " i) = —e ot T T e T, (A-20)
The first order condition with respect to Hg'j yields
. VV-pr
07 = ———, (A-21)
A% oy ¢

and the second order condition, AUog >0,is satisfied automatically. By market clearing con-

dition, Zf.\i’ ) 9;" + Zi.\;”l BIT]’] = 0, the equilibrium price can be written as

PT:an{Vf—uTX)+(1—wTﬂqw—prTRF, (A-22)
I
where
N;/ (Aol )
1,1 V,T
ur=Aoy; wr= . (A-23)
nr Ni/(Alol, )+ Ny/(AVoY ;)
Since V% -urX = VTU — ur XY, the price at T can be written as
U cu, © 72 U ©
Pr=Vy —wrur(Xy + —)=Vr—ur X+ -wp)urXy —orur—, (A-24)
N N;p
and
i_ O fr oy © uj_fr ou, ©
o= — - X+ —), 6,7 =&Y +—), where fr=N;(1-wr). A-25
TN, NI( T NI) T NU( T NI) Jr=Ni( T) ( )

Substituting the equilibrium price into the expected utility functions, we have informed
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traders’ value function at t = T as a function of state variable ®

Jhi _e—AI[W;"'+V;X+%pT(el;")z—VX—éyTﬂ]
T
_AI[W“+V1X+ mLg2. (1-w )(XU)2] (A-26)
— _pT T Z.UT T T ,
where
ANVX+iurx?-4 =2
my = —pror(l-wr) = —#T‘“T%» ph = e (VAT I R OT () (A-27)
I
Similarly, uninformed traders’ value function at ¢t = T can be written as:
. U,j U,j U,j
]Yl{r] _ _e_AU WT j+%yl]{(0T ])2 _ _pg{e—AU WT 1+%m¥¢>2T ’ (A'28)
where
N fr
mgz—,uTa)T(l—wT): TOT—, p(T]:I. (A-29)
Ny Ny

Note that Nymb. + NymY =o.
We next conjecture that traders’ value function at ¢ are given as (A-26) and (A-28) where the
subscript T is replaced by ¢. We then solve the problem backward from ¢ to ¢ — 1 and verify our

conjecture. For uninformed traders,

VvV =Vl +Ky,el, ¢i=¢i1+K{ ef, Pi—Pi1=ampi1+Dbey, (A-30)
where
ar = W1 -1 — Wl btzKyl/],t—wt#tK)l(],t» (A-31)
and
U] —p? -AVw, { H(P, Pr_)+3mYU ¢? ’ (A-32)

the expected value function can be rewritten as

UlywbYJ ) U 42 1 ,U=U(,,,UxU U,j)?
U,j U /= —A [Wt—1+“t¢t—1‘9: 1+am{ o7 5 AVEY (m] Ky (pr-1+b:0; 7 ]
EaU;1=-p/ /2] 12V e ( ) . (A-33)
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where

-1
2
Uu_ U -1 =U_ Uyl U, U(U
L) =0yt T Ei _((Zt) +ATm; (Kx,r) ) -

The first order condition with respect to 9?_{ gives
t Xt

AUEUp2 b,

Ui ft-1
-1 N
U

a; mUKU
¢i-1, where f;_1=Ny .

The value function at time ¢ — 1 can be written as

. Uj 1,0 42
uj_ u ~AY W, i+am i d7
JiZ1=—pi e [ ]’

where

aK{,\  fio

U U, /= U U Xt t-1
1 =pJEVIZY, m{ =m/|1- + az.

by Ny

The second order condition requires that AYZV b, > 0.

For informed traders, since VII - X = VtU — ,utf(,f] , and
V=Vl +Klel, ¢r=dpi1+K{ 1 (X-X ) +KY el
we have,
P — Py =arpi-1+ b1 (X - X,fil) +bye.
Since the value function of informed trader at ¢ can be written as
Jhi = _p{e—Al W +0P (Pi—P)+ V] X+imlg?2+ L p(1-w) (XY)? ’

the expected value function can be rewritten as

' /= Al WhE 47T x40l 1+ (X-XY
E{_l[]l{’l] :—pi :i/z{e [ =17 V-1 1(@pe-1+bepe( r—1))]

~ 2 ~ N 2
§ e—Az[%m{(¢t_1+thpt_1(X—xgl)) #pe0=00) (XY +KY pa (X-XU ) ]

Xt
X e
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—al [—%A’E{[eg'_"lb,+1<gx+m11<l’ ($r-14KY e X=XY )+ 0-00) (XY +KY pea (X=X

(A-34)

(A-35)

(A-36)

(A-37)

(A-38)

(A-39)

(A-40)

L
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where

_ 2 -1
l=ol,  +7.} E{:((z{) LAl (KY) (mi+ g -00)| (A-41)

[ A

The first order condition with respect to Qf'_il yields

11U
K
Li a M 8x, U O fia
A _ =X == -1, A-42
-1 (AIE{b§ b, )‘Pt 717 N TN i1 (Aa-42)
which is due to the fact that
AIEgKtI IsI -1 1.1
Uit = — =AlsIk!l = Alol | (A-43)
1- AT2HKY )2(m! + g (1 - w)) e Vil
and
K=K}, —wKyY, Kp-1=p1—p. (A-44)

The second order condition requires that A/Zb, > 0. In equilibrium, the market clearing con-
dition gives

U U 1 U
fie1 . Nu ag m; Ky, a4 m; Ky ,

- - - - : (A-45)
N N | AVEY b7 b AlElp2 by

which determines a;, so w;_; can be determined.

Substituting the the equilibrium holdings, the informed traders’ value function at time ¢ -1

I

and the parameter m;_, can be expressed as

-1
T e L e L e Sty (A-46)
where
AI[l(ﬂt—l—ﬂt)xz—l(Nt—lwt—l—ﬂtwt)(g)z]
I _ I /=I;vI 2 2 Ny
Pr-1=Pr\ Ei/2e )
atK)l(] f (A-47)
my_y=my|1- e
b; Ny
We have
U
atKX ‘
Nlm{_1+NUm§]_1:(N[m{+NUm§])(1— b — =0, (A-48)
t
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since Nlm +NUmU 0. By using the fact that Nym! + NymY =0, we have

2
N1b2 Ny (wth+ (1-w)KY,)
a; = = - : (A-49)
A]IVLI + AU U Ajyél + AUZU + NI(L wt) (Kl],[_KtI)Z
Substituting the expression of wr, we show recursively
Ny
Alo{m
Wy = N Ny (A-50)
Aloy, — Yoy,
Substituting w; into the recursive expressions of m! and m%’ yields
I uv_ N1
my =—pwi(l-wy), my = —pw(l-wp. (A-51)
Ny
Plugging m; back to the formula of f;, then we have f; = N;(1 —w;).
A.3 Expected Trading Volume in the Competitive Market
The trading quantity is normally distributed, specifically,
Ny (07 -0;.,) = (ft_ft—l)( -1+ )+ft el (A-52)
with mean
toot =E[Nu@®] —0..)] = (fi - fi- 1)— (A-53)

The variance can be computed by the law of total variance,

Var (Ny (@} -0;_,)) E[Vart 1((ft fi-0X; 1+fl‘K)l(]tet)]+Var( - 1[(ft fr-n Xy + iKY e ])
= (ftK)[(]t) z?"‘(ft—ft—l) Var(Xt_l),

where
R -1 2 R
var(XL) = ¥ (kY] =V + var (&),

s=1
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can also be computed by the law of total variance. Thus, the variance of the trading quantity is

2
U%ol :Var(NU(Hgf—H?_l)) = (ftK)l(],t) 27+ (fi— fi-1)?

-1 2 R
Y (kZ) =V +varx))|.
s=1

Therefore,

2

2 _ Mot
Vol; =1/ =0 ye1e 20701 + Uyol erf(M) , (A-54)
b3

where erf(-) is the error function.

A.4 Welfare with No Public Information in a Competitive Market

In this section, we compute the welfare with no public information in the competitive mar-
ket for informed and uninformed traders,

vl g [_e—AI[0£1P0+X(VOI—V)+%mé<pg+%yo((l—wo)(f(é’)z—XZH%yowo(l\%)z]
np -

(A-55)
WU_E[ AY[0Y, Po+imY ¢32] .

Recall 371 ={v, X} and 3‘7U {soh,andv=V+n,so=V+n—-hX, h= and E[V] =V, and

E[X] = 0. We can rewrite the state variables at time ¢ =0 as

TV & U _ Ty

V) = (V+m) + v, v/= (V+n-hX)+ V, (A-56)
Tv+Tn Ty + 7Ty Tv+T() Ty + 7o
N T Ts/h Ts/h -
=—"X-—"—(Vp+——-V, (A-57)
Tx+7Ts Tx+7Ts Tx+7Ts
where
! U (A-58)
To 1 -1 1 3
+ h? T, Ty
Define
y -1
14 14 b0 0
u=|x|~A&x), where t:=|o|, Z:=| 0 T)—(l o |. (A-59)
n 0 o o0 7,
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Let

71
VO N
VU
I._ _rl u._| 0 |_gpUu
XU
&Y ’
0
where
TV
Tv+‘[n Ty
= = | Ty+T
b=V 0 , ly=V]VT, (A-61)
T5/h
T5/h Tx+Ts
Tx+Ts
and
Ty 0 Tp
Tv+Ty Ty+Ty 70 _ 10h 7o
+ + +
FI:: 0 1 0 , FUZ: Tv+To Ty+T7o Ty+7o . (A'62)
0 0
_ T5/h Ts _ Ts/h
_ T5lh Tg _ 15lh TX+Ts Tx+Ts Tx+Ts
Tx+Ts Tx+Ts TXxtTs
Thus,

wl _E [_e—AI[a1+bIT(pé+%((pé)TcI(p{)]] -F [_e—A’[a,+b}[1+%é}qé;+[b}1~“g+@qu]u+%uT(Fg)Tc1Fgu]
np

__ B atab] s kT s (b] B o] e B a ST DT el a) (A-63)
1Z]
N e—AI[—%Af[b,+c[W,+c,Fga]TF({E,(F({)T[b,+c,T£1+c1F({u]],
where
- Ch Ouowo
2=+ ANENTGF) T, ar= — (ml+ powo) - 6L, (A-64)
1= o) ciFy) 1= 5 o Howo) = =00,
0!, 0 1 0
br= —,1109{1—17 v =11 —p 0 . (A-65)
3 Mg+ ko1 - )0 0 0 m+p-w)

47



Similarly, the uninformed trader’s welfare without public information is

WY =E [_e—AU[awbEebé’ +3(¢5) Teu ey ]

E—— |:|E‘IT| e—AU[aU+bElU+%ZBCU€U+[IJ5F5]+ZBCUFOU] ﬁ+%ﬁT(Fé)Tchéa] (A-66)
\/ >
y e—AU[—%AU[bU+cLT,€U+cUF(§]a]TFé]EU(Fé])T[bU+c(T]€U+cUF(§]12]]’
where
- -1 m, (© Ouowo ,;
2u=CE'+AYENDTeyFY) T, a :—(—) - 0L, (A-67)
U ( 0 U 0) U 2 \N; N; 1
U
oY, 0 0
bU: , Cy= . (A-68)
e}
mgm—wouoeﬂ 0 my

We denote the informed trader’s no-trade welfare as

_ 1 Tx(9£1)2
_Allg! iy TyTx —A’[V@{ A X
W =E|-e A 10L VXV V)]] =/ ——— e 2 ryrg-al? | (A-69)
TyTx — (AY)

where 61 , is the informed trader’s original asset holding before trading. We denote the unin-

formed trader’s no-trade welfare as

2

9
—aY| ey, — AL O

o e I L | A-70

where H_Ul is the informed trader’s original asset holding before trading.

A.5 Proof of Proposition 3

If there is only one piece of public information, then, regardless of the timing of its release,

-1/2 -1/2

N 2 Ny 2
U _ T Al =70 I_ r AU Tp—T0 i
pr=(1+ Ty+To (M Ny F+Tv+f) P =1t Ty +Ty (M Ny F+Tv+f) : (A-71)
AT AU ATt AU
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Note that the welfare is a concave function of I'. Thus, there exists a global maximizer of I,

which can be obtained using the first order condition,

Ny Ny
2 TU+ AUTO

I'=ty+17, where 7= (A-72)

N, Ny
Al T v

A.6 Proof of Proposition 4

Given that the timing of information release has no impact, our comparison is focused on
the welfare outcomes of releasing all information at once versus splitting it into two parts and
releasing them sequentially. The distinction arises solely from p’ and pV, which are functions

of [T and 1Y, respectively,

o :(HI)_%, pU:(HU) %, where (A-73)

T T
N

m =[] [1 + AT (1 —wt)z(th)z], n’=]7 1+ —N’ AVE] w1 - w) (KY )?
t=1 =1 U

Thus, the impact of public information on welfare arises solely from IT/ and IV,

T Ny 2
m’ =] |1+ Ter av__Tn7 T (A-74)
- _ N; , N, = ’ :
=1 TV+T17+Tt Tet A—{+A—5TV+TZ'+T
N 2
T N _
nv=T] |1+ fet A _Ta_ 0 (A-75)
| Ty +To+Tr—Teyr %+%Tv+‘[t+f

We first prove the case for uninformed traders. A higher I1V leads to a higher welfare of

uninformed traders. If there is only one piece of public information, from Appendix A.5, we

have
i =70 \
Al — 70
ny o o.=l+c , where ¢=|—4+——1—|. (A-76)
P Ty +To S+l TrtTv T

If we split the information with total precision 7 7 into two pieces of information with precisions

Terpand Tgo, Te1 +Te2 =TT, then

TT = Tgl
H?wo—piece =|l+c
Ty +To+ Tel

Te 1
Ty + 7o

l1+c

Ty +T+7TT )2 (A-77)

Ty +T+7Te
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Define
_ca+tp) T 1(Tr —Te1)

U_nqU U
AT = Htwo—piece ~ “one—piece — a (b+7, 1)2 ’ (A-78)
where
a=Ty+T7Ty, b:Tv+‘L_’. (A-79)
Therefore, for 0 < 7.1 < 71, we have AU >0, ie.,
U U
Htwo—piece > Hone—piece' (A-80)

Therefore, releasing information all at once yields lower welfare for uninformed traders com-
pared to splitting the information into two parts and releasing it sequentially. Now the ques-
tions is how to split the information benefits uninformed traders the most. The first order con-

dition for the optimal Tg | gives

U b Ty+7T TT
T =TT =TT — < —. (A-81)
' Tr+2b Tr+2(ty+1) 2

We now prove the case for informed traders. Similarly, we have

Ny Th—T ?
TT AU —to
H(Ime_ iece = 1+d————, where d= ~ 4 ~ 7 - . (A-82)
p Ty +1Ty A_;+A_gTT+TV+T

If we split the information with total precision 7 r into two pieces of information with precisions

Teyand Tep, Te1 + T2 =TT, then

- 2
TT —Tgl Tel Ty+T+7TT
Hiwo— iece — 1+d . 1+d 2 ( — . (A-83)
p Ty +Ty+Te 1 Ty +Ty \Ty +T+T¢
Define
A@+717) T (TT —Te 1)
A=l T e = = - (A-84)
ptece one—piece a (b+T£ 1)2
where
a=t1y+1T,; b=1y+T. (A-85)
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Therefore, for 0 < 7.1 < 71, we have Al>0,ie.,

1! > 11! (A-86)

two—piece one—piece’

Therefore, releasing information all at once yields lower welfare for informed traders compared
to splitting the information into two parts and releasing it sequentially. Now the questions is
how to split the information benefits informed traders the most. The first order condition for

the optimal 7/ | gives

bt T T

I U T T T

T, 1=T;,= = < —. A-87
&1 &1 Tr+2b 2+—T$_TFf 2 ( )

Thus, the optimal release scheme for both informed and uninformed traders should involve

disclosing an increasing amount of information to the market over time. For a larger ratio ——=

T
Ty+1’

the portion that is disclosed at the beginning should be smaller.

For disclosure with multiple period T, we conjecture that the optimal information disclo-

sure precision is

r—1 r—1
Tir_1= T[Tt: 7 T for t=2,3,..T. (A-88)

t+? l_7+_

Tt

As aresult, 7; is a generalized continued fraction,

Tt= T (A-89)
b + Tr+1
and plugging this into the equation of 7;_; gives
r-1
TS T o (A-90)
b Tr+1
By keeping doing this, we obtain
r—1 r—1 (A-91)
Tio1= =T . -
L T T (T +1- 0
Tr
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Similarly,

t t
Tt T~ "Tpyr-pir
b TT b

Ty =

Note that

t
Tt = Z Te,s:
s=1

and 77 is the total information disclosed to the market. Therefore,

T(1+T—T)

Fet S S T (T I [T+ (T +1-

Obviously,

Ter <Ter+l-

It is also easy to verify that

Tt~ Tet-1<Tet+1 — Tet-

Hence, the optimal 7, ; is an increasing convex function of time.

A.7 Proof of Proposition 5

(A-92)

(A-93)

(A-94)

(A-95)

(A-96)

Since the welfare depends on the public information only through IV and a higher [TV leads

to a higher welfare, we only need to study how T affects [TV, which can be expressed as

T Ny
U _ Te,t Al Tp—T0
I~ = 1 T
Ty+To+T—Ter | 2L 2U Tv+Tt+T Tv+T0+—TT
=1 Al AU

Ir N 2
T T Al Tn—To
Yioqln —1 N; N — 7
r +To+—+T DI U Ty+T+5T
0 T T AI+AU \%4 T'YT

=e

By Taylor expansion,

N NU py++ L
Al 74U

ir Nr 2 © r N
T Al Tp=To R W) T Al
ln ]. + — N] = - o — N[
n:

N 7+ L
_+_g Ty+T+5TT

t—1 T T
Ty+To+ 5Ty _+% Ty+i+Lrr n+ 1 | Ty+to+ Sy
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and since

(ty+T)(TT+TV +T0)

TT M 2 NI 2
lim Z Al Tn—T0 N U | T7(10—7)
T—o0 £ rv+ro+—rT ﬁ}JrN_g Ty+THETr | N} Ng T-To @v+D(Tr+TVv+7)
Al A Al A
n+1
T T_T iﬁ T T ?
- T A n=To _ -
h_I,n Ty+To+ T N; Ny ty+i+Ltp =0, n=zl,
T 001 VITo+—F 1T 1+AU T

we can obtain the upper bound of pU. Similarly, we also obtain the upper bound of p’.

A.8 Proof of Proposition 6

(ty+t0)(TT+TYV+T) |’

We solve the model backward. The optimal holdings for the informed trader and unin-

formed traders at the last period T are as follows:

1 1 1
o Vi=Pr=4 ol X +Ar0}_| gui_ V¥ =P
d Al 0 +AT ’ T AUO‘({T ’

The market clearing condition yields,

from (A-98), expressing Pr as a function of 6/ 7 vields,

0P Y[T]

Api=—— =1L,
T 60l T Ny

U

where y].:= Ao}, ;. and y{ := AY0/ ;.. Therefore, the equilibrium price at time T is

Pr= wT(V% -urX)+ (1 —-wT) VYE] + ﬂ]ﬂ)]ﬁ%_l —fT@
= V]I« — ,LLTX+ (1 —wT),uTX%' + /lTwTHIT_l — fTG)
= V]Lf—wTuTXg +/1T(1)T9§~_1 —fTG,

where coefficients ur, fr, and wr are given as

-1
1 NU) 1
Nupo

1.1
pr:= Aoy, fT::( +
Y5~+)LT Ylj{
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(A-97)

(A-98)

(A-99)

(A-100)
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Hence, the optimal holding of the informed trader is

l-wr) 4 1-
_pr( T)X ®+/1T( wT)‘%_p (A-102)

07 =
’)/§~+AT ’Y5~+/1T

and optimal holding of an uninformed trader is

i w l-w Arw
oY = HI2T 50 —Plg 212791 . (A-103)
Yr Ny Yr

. . I Ny qU,j _
It is easy to verify that 07, + Zj:Ul 0,7 =0.

Therefore, the informed trader’s value function at ¢t = T is

T 2
]ézEé[ AIWIH] _ pée_AI[WI q)I) M§¢IT+(CI) (I)ITHIT 1 ; T(HIT—l) ], (A-104)
where
0 1 0 0 1
i 1 —yL 0 0 —ur
ph=e"VX ml=Arwr, ML= 2 , Cl=
0 0 MTiYIT —prOT pr(l—wr)
12
0 0 -—pror MTIYI -Ar(l1-wr7)
T
(A-105)
Similarly, uninformed traders’ value functions at ¢ = T are
. i U,
JUT = BU (e A W) = U A" (WO MO () 0f0h 3 mE 01| q06)
where
0 0 0 0
/12 w2 A 2
pr=1, my = 7T,UT’ M7 =10 (uror?iyy prorfriy¥|, Cr= —% - (A-107)
T T
A
0 prorfriy¥ fEiyY —%Tﬁ
The optimal holdings can be rewritten as
pL-p . PU-py
oh=—T1_—~ oPi=T 7, (A-108)
YT+/1T YT
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where
Pr=Vi-prX-grXy - fi®+Ar07_,  Py=V7-grXp-ff6,  (A-109)
and
gr=8r =0, fr=fr =0. (A-110)
Thus, the price can be rewritten as

.
Pr=wrPi+(1-wr)PY - fr®=(H};) ©F+wrAr0}_,

- (A-111)
:(HgT) CDLT]+(1)T/1T9£~_1,
where
1
1
“HT
Hpr = . Hpr=|-wrpur|- (A-112)
l-wrur f
—JT
—fr

We next conjecture that at any time ¢, traders’ value function, stock holdings, and prices can
be expressed similarly to those at ¢ = T, with the subscript T replaced by t. We then solve the
problem backward from ¢ to ¢ — 1 and verify our conjecture.

At time ¢, the optimal holdings, prices, and value functions can be expressed in terms of

informed and uninformed traders’ state vectors:

v o
X v
GHE | o =| XU |. (A-113)
t
C)
0
The state vectors can be expressed recursively,
ol = Hlo!_ +Flel, oV=0V +FVeV, (A-114)
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where

and

where o/

— -1 —
P = OV,t—l +T€,t’ o, =0

1 0 0
0 1 0
H| = y
0 KX,L‘HI_I 1-K tut—l
0 0 0

0 K!

V,t U
0 0 K

1 U
’ F[: ’ Ft = K)I{,t ’
0 K7,
’ 0

1 0

e{ =8— th_l ~ =/V(0r0-{)) ell‘] =8r— (thzl - hthl) ~ =/V(070-([J)y

1 U U

V,it—-1

+1, 1 +hitd, hg=hand hy=0forr=1,..,T.

rvXxX’

The asset price can be expressed in terms of state vectors as

T T
Pi=wPI+(1-w)PY - ;0= (HL,) @ +w A0, = (H},’t) oV + w100,

The optimal holdings are

where

and

-1
ft:( 1 +NU) o fi

Aoyl v?

1
-
1-w)p— (w8l +1-w)gY)
~(fitocff +A-wif])

GI_PL{—PI QU,]-_PLV—PI
r— 7 ’ [ U
Yit+Ae Yi
I_ ol 15U oI I U_vwU _UU (U
P =V, —u X—-g: Xy — [ ©0+1:0;_4, P =V, -g/ X/ - 16,

- /1t+7/;:,

1

’ HI(’,]t: —wips— (wig] + 1 -w)g?) |-

~(fitoff+ Q-0 f)
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Hence, the optimal holdings can be expressed in terms of state vectors

Q1-w)A;

0, =(H) ) ®+ /1— = (Ho,1) ®Y +w,0!_;, (A-122)
tt+ t
U,j U U _ ert o! U\TsHU
0, =H ) @ 0/, =Hy) o - et b (A-123)
t
noting that
U I
l1-wpA Ae( A+
)Lt:Y_[, (—wt)lt:wt, ft:t(t—ylf), (A-124)
NU /1[+’}/t 2/1;4")/1.
A A+l
o, = It M | —w, = dt o AT e (A-125)
Ae+yr 2A:+y, Ae 20+,
and
0
0 0
0
Hér,t: I U ) Hﬁ({t: Yy(ﬂt+gt gzU) » Hey= —"j—j(uﬁg{—g?)
/1+y S (pe + gt_gt) o W (¢l _ fU
_U(f ft) _/’Tt(ft _ft)
(f f ) Yi Yz ¢
/1+y 4 t /l+y

The value functions at ¢ can be written as

1, AWl 5 (@) Miof+(cl) ool +iml(6],)’]

] _p[ ’
U (A-126)
U] = _pVe —AV (W L@V MYV +(cToVol  +iml©] )?]
t ’

and all the coefficients can be computed recursively. We next solve the uninformed traders’

problem at £ — 1. Rewrite uninformed traders’ value function at ¢ as

U] — _pVe A w01 Py +0, P+t @) T MOV +(CU)ToV0L +1mV 0! 1)2]_ (A-127)
Thus, we can rewrite the value function as
Ui __ U, ~AV [ w ! -0) 1Py +0] ] ((HY)TOY  +0a,0) )+ (€ TOY 0F  + 1@V )TMIDY  +iml @] ))?]
(A-128)

« oAUV (HE T+ T O]+ (P T MDY |+ S (FYT MY FY ()2
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Hence, the expectation at t — 1 is

EY []U'j] - _ pUe_AU[Wz[i’lj_eij—yipf—ﬁgij—’jl((ng)Tq)y—l+‘”f/1f9{71)+(cyﬁq)£]—19i—1+%(cpy—l)TMyq)?—ﬁ%my(egfl)Z]
—14Y¢ - t
(A-129)

U|_1 AU=U U~T pUUsJ U\TnUpl UTUU2
“A [—ZA =Y (HY)TFY 0]+ TFYOL  +(F) T MY Y | ]

)

where ZU = [(2V) "1+ AU(FY)TMUFU] ™", Taking the first order condition with respect to 6.1
yields
_ U,j
—Pi1+ (Hp) @7 +w,A,0]_ = AVEY (HY ) TFY(F))T [H}{tet_{ +cvol_ + MoV |,
(A-130)
2
and the second order condition requires AVZY [(H I)TFY ] > 0, which is satisfied automati-
cally. By the symmetry and market clearing condition, we have

U
U Ui _ P =P

0/ ,=0-Nyb,y, 0,1=—"r, (A-131)
Vi1
where
YL =wnd + A=V HETF FDT (HY, - NucP),
PYy = [WE)T - VY )R FD T MY |0 (A-132)
+lwr - aV=Y mE)TF FDTC e,
Comparing with
U U Uu U U
P =V, -8 X2 - 1416, (A-133)
gives
gty == | YT - V=) ) TFYFD MY
’ (A-134)

== HY)T - V= LT ENTMY |~ [wide - AV @GR )|

It can be verified that

1= [(HY)T - AUEU(Hgt)TF}’(P}’)TM?]1 . (A-135)

»
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We next solve the informed trader’s problem. Rewrite the informed trader’s value function

at t as
1 T T 1 2
]g — _pge_AI WtI—l_(gg—l_G{—z)Pf—l"'i(CDQ MtI(I){"'(CtI) @{0{_1+§m£(9£_1) ] (A-136)
Thus, the value function can be rewritten as
T 2 T
]{ — _p{e‘AI[th—l_(9{—1‘9£—2)Pt—1+(cg) Hl{q)g—lgg—l-"%mz{(gg—l) "’%(‘1’{—1) (H{)TMIIHI{(DLI]
(A-137)

w o~ Allet(COTFO]_ +(FDTM{H[®]_)+3 ()T M{F](e)?]

Hence, the expectation at t — 1 is

T 2 T
_A][Wt[—l_(91{—1_91{—2)Pt—1+(cl/{) H{®{_,0{_+3m{(0]_,) +3(®]_,) (Ht[)TMrIHzlq)gq]

El_U/l=-ple

(A-138)

— 2
|-3A’=l(CchTFlol +(FDT Ml Hlo!,)’]
)

where Z! = [~ + AI(F)T MIF!]™'. Taking the first order condition with respect to 6,

yields
Pl -P._
0], =1 ——, (A-139)
Am1+ Y1
where
Aoy = 0Pt _ Yi yl | = AI=1((CI)TFI)2 —m! (A-140)
-1=>7 = v Sl T A= t t r
00, Nu
and the second order condition requires that
A +yl >o. (A-141)
Comparing
pl =(cchTH - A'=lchTFlEH " MIHE !+ 1,2101,, (A-142)
with
Py =V~ X - XL - L0+ A0, (A-143)
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we obtain

g1 =—[(CHTH{-A'E{(C)HF/(FH"M[H][], ,,
fly=-lch - A'={C)TF/FE) M{H]],,.
It can be verified that

1=[(C) " Hf — A'E4(C) T F{(F) M H{],

Hi-1=— [(C{)TH{_ AIEg(CbTFtI(FtI)TM{Hﬂl,z'

Thus, the asset price at ¢ — 1 has the similar form as .

Piy=w/P +(1-w,)PY - f.10
T
= (HIIJ,t—l) q){—l "“Ut—l/lt—lei—z

T
U U I
= (HP,L‘—I) q)t_1+(1)t_1A[_19t_2.

Hence, the optimal holdings can be expressed in terms of state vectors

1 1 Tl 1 THRU 1
0,1=(Hy, 1) 1 +wi10;_,=(He,-1) P/ +wi-10;_,,

U,j
61‘—1

Wr-1
T - ——0]_,.
Ny

_ U
= (Hg, )

Lastly, we need to verify the value functions at time -1,

where

I _ I
Ji1=—pie

J

Uj _
-1

t—17t-1 t=17t-2"2

-1 "2 —=17t-1 t—=17t-2"2

U
~Pr1€

I I /= U U /=
Pt-1=P: :{/Z{, Pir-1=Pr :?/Z?’
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1 1 Lol VT agl I I Tl 1 1.1 I 42
AWl 3@l pTM ol +cl )Tl 0! ,+5mi_6!_,)?]

t
’

miL, 07|

)

(A-144)

(A-145)

(A-146)

(A-147)

(A-148)

(A-149)

(A-150)

(A-151)



My_y=(H)) M{H{ +miHy , \(Hy, )" +Hy, ,(C)"H]
+(H)TC{(Hy, )" = H oy (Hpp )T = Hppy (Hy, )
- A= [hTEL ), T+ EDTMIH]) (€T )T+ DTl a,

MY =MV +mV Ho 11 (Ho,-1) " + Ho -1 (C)T + CY(Ho 1) T (A-152)
+HY, \ [HE,~ Y, +wAHo, t_l]T + [ HY, = HY,_ + 0cdiHo | (HY )T

A=Y [(HY)TFYHY, )T+ (CHTF (Hou )T + (F)T MU]

OO T (HY, )T+ (CTFY (o) T+ (F) MY,

ml_ =w* ml+2(01 -0 w1 A - ATEL0?_(ChTFI(F) T C],
2 2 (A-153)

2w
u _. 2 U -1
m;_;=w,_ym; + .

(A 1—wt/1t)—AU—t wt 1

)

v 1 o\ v
I

(C{_ )" =wi 1 (C)THf + w1 (mf = Ar-))(Hy )T+ (1— 0w, ) (Hp, )T
- A'Zlw, 1 (CHTF]((CHTFl(Hy ,_ )T+ (F{)TMfH{] :

W1 T
(€T =01 (CY DT+ mlw, 1 (Ho 1) - 222 [H}a’t Hf,  +wdiHom|  (a-154)
T
+wt_1(a)t/1t—/1t—1)(Hgt_1) AU—:“)L‘ I(CtU_N_UHgt) FL‘U

x |(HE)TFY (HY, )T +(CY T (Ho,-) T + (F) MY .

A.9 Expected Trading Volume in the Imperfectly Competitive Market

The mean and variance of the informed trader’s trading are

E[6; —9{—1] =

(wt_‘/‘l’_;(ftf—f}’)—(l a)t)i(t]_[1 )(ws—(j{—:(ff—ff’)

s=0\i=s+1

-1 /

-(1-wy) Hwi 9_1 = Hvol»
i=0

(A-155)
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and

Var(0! -6!_)) =Var|[—

1 t-1
/1 (/~‘t+gt gt)XU (1- wt)Z(le

s=0\i=s+1

— (us+gl- gsU)XsU)

2

) -1 .
=(A—§(ut+g§—g?)—(1—wt)20( le,) > (us+gi—g7)| Var(Xy)
S l S+ -
N U < U : U VU o
Z( ,Ut+gt gt)—(l—wt)Z( H a)l) .Us+gs gs) (KX,n) 2,
=1 s=n\i=s+1
2
w;
+(/1_(:ut+gt glu)) (K)L(]t) ZU _Uvol
t
Therefore,
2 _@ u
Vol :\/j 205, 4+ f( vol ) A-157
Ol navole Hyol€I \/zo-yol ( )

where erf(:) is the error function. If there is no public information, then the risk premium at

time zero is
E[V = Pppl = fup® — Lppwnpbl,, (A-158)

and the expected trading volume at time zero is

2
Hnp

2 —o2 Hnp
E[l6! —-6f I]Z\/ja e 7w 4y, erf , (A-159)
e e
where
-1
£ = 1 1
i AIOVO+AU0‘L/’0/NU AUOY INy )
1 _ AU U
Wnp = Aol ATl ING Fapr Anp=AY0Y 1Ny, (A-160)
I 1 Wnp)? oU
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A.10 Market Participants’ Welfare in the Imperfectly Competitive Market

Before trading, the informed trader has an initial holding denoted by 81 |» thus the initial

holding of uninformed traders can be denoted by

_@—9{1

Hifi]' _
Ny

Assume before t = 0, traders have no incentive to trade and thus

Also note that E[V] = V and E[X] = 0. We can rewrite the state vector at time ¢ =0 as

I U,j S
0_, = 9_1] = —
Ny +1

VI
0 AU
0
X :Féu+€1, :Fé]u+€U,
XU
U 0
0
where
Ty
Ty+Ty Ty
¥ = Ty+T
gl =V 0 ’ gU =V v ’
T5/h
15/ h Tx+Ts
Tx+Ts
and
Tn 0 Tn
Ty+Ty Ty+Ty, To _ Toh To
I_ U _ Ty+Tg Ty+To Ty+To
Fp=1 0 1 0 |, Fo=
_ 15lh T _ T5lh
_ T5lh Ts _ 15lh TX+Ts TX+Ts TX+Ts
TX+Ts Tx+Ts Tx+Ts
We also rewrite the matrices of Mj and MY as
1 I U U
a b a b
1 3x3 3x1 U 2x2 2x1
MO = y MO = )
(bI)T C[ (bU)T CU
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and rewrite the vectors of Cé , Cé] , H go, and define vector ¢ as

0
1 U U
a)( a)( d)(
cl=|", cV=| ", BHY=| ', e=|v| (A-167)
ﬁ[ ﬁU ’ kU
0

. 1y . . o
Now we substitute p%. = e V¥ back to the exponential, and let p) = p{/pL., which is a con-
stant. Therefore, the value functions at t = 0 are

. )
1__ A1 —Al[ L@ Miol+(Ch) @fo! +1mi©! >~V X]
Jo=—poe '

__ p(l)e—AI[%&@%%mg(9£1)2+ﬁf@9£1+(af)T£19£1+(b1)Tz,@+§/}af£,] (A-168)

w o~ Alll@)TFo! + ()T Fjo+ef al Fj—0T|u+zu’ (Fp) " a' Ful ,

.

Ull U\T asU U U U Upl 1. U I 2
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0 =~ Po

_ _p([)]e—AU[%cUG)2+(%mé]+/10wo)(951)2+(ﬁU+kU)®911+(aU+dU)T€U0£1+(bU)T€U®+%€5aU€U] (A-169)
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In the competitive case, the coefficients in the quadratic term my does not depend on the pre-
cisions of future public information {7}, hence the welfare in the competitive case can be
expressed as a product of two parts, with only one part depends on {7, ;}. While in the imper-

fectly competitive case, the coefficient matrices My, Cy, H u

PO’ and my all depend on {7, ;}. Thus,

the part depending {7, ;} cannot be separated from the welfare.

Hence, the welfare of informed trader is

w1 =EJ{]

=1
— 4 =, ﬁée-AI[%c1@2+§mg(9£1)2+ﬁ’®9£1+(a’)W[9£1+(bI)W,@)+%é}a%]
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where
gl= [z +A'EHTa'E] . (A-170)

Similarly, the welfare of uninformed traders is

U U
W= =El];]
E‘U| Uil UQ2, (1, U I 2. pU . 1:U\ap! U, gU\T p ol U\T 1,T U
_ 0 p(I)J —AY[3cY 0%+ (3 my +A0wo) 012+ (BY +kV)00"  +(a” +dY) T 0y6! | +(bY) " CyO+5 070" (Y]
|Z]
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1 T —_ U U -
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where

=V = [z + AVE TV FY] (A-171)

Let T = 0 and shut down the public information, so that the welfare W,fp without public

information can be obtained,
U U
7VnIp:;I/I(T:O)’ 71/11;):71/ (T=0). (A-172)

The no-trade welfare for informed and uninformed traders is the same as that in the com-
petitive market,

AV ©Y)?
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(A-173)
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