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ABSTRACT

We examine voluntary disclosure and capital investment by an informed
manager in an initial public offering (IPO) in the presence of informed
and uninformed investors. We find that in equilibrium, disclosure is more
forthcoming—and investment efficiency is lower—when a greater fraction of
the investment community is already informed. Moreover, managers disclose
more information when the likelihood of an information event is higher,
more equity is issued, or the cost of information acquisition is lower. Invest-
ment efficiency and the expected level of underpricing are non-monotonic
in the likelihood that the manager is privately informed.
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1. Introduction

Corporate insiders have a natural information advantage with respect
to their firms’ economic prospects but financial markets also provide
incentives for outside investors to generate and potentially profit from
value-relevant information. Indeed, aggregation of dispersed information
in security prices and its attendant effects on real investment are topics
of long-standing interest in the accounting and finance literatures. Theory
suggests that informed managers sometimes secure higher valuations from
direct disclosures to markets, but the presence of informed investors can
potentially affect such benefits significantly. This issue is of substantial in-
terest because there is considerable evidence of informed trading ahead of
several corporate disclosure events—such as announcements of earnings
forecasts, mergers and acquisitions, and initial public offerings (IPOs).

Prima facie, informed investors can affect incentives for disclosure in
conflicting ways. On one hand, if a manager’s private information is al-
ready present in financial markets (through a relatively high intensity of
informed traders), then disclosure will have low impact on security prices,
other things being equal—thereby reducing the manager’s incentive to dis-
close. On the other hand, it is well known that the presence of informed
traders raises adverse selection risk for uninformed traders, which can lead
to higher risk premium and lower security prices—thereby increasing the
incentive to disclose.! The resolution of these contending effects and the
consequent implications for equilibrium disclosure levels of firms have not
been addressed in the existing disclosure literature.

In this paper, we analyze managers’ disclosure strategies in the presence
of both informed and uninformed market participants. We focus on IPOs as
the setting for our study because IPO firms have considerable discretion
over what to disclose ahead of the IPO.? They also have a natural incen-
tive to limit underpricing through such disclosures (see, e.g., Ljungqvist
[2007]).> The literature shows that underpricing can arise because of

I See, for example, Garleanu and Pederson [2004] or even Akerlof [1970] and Milgrom
and Stokey [1982] on market failure.

2 Beyond their importance as a financing milestone, IPOs are major disclosure events. Dur-
ing the IPO, firms often go beyond mandated disclosure requirements to provide detailed
information about their operations, financial performance, business plans, competitors, risks
and so forth (e.g., Ellis, Michaely, and O’Hara [1999]) in IPO prospectuses and/or during
“book building”—a process that involves meetings with potential investors to generate de-
mand for their IPOs.

3 In particular, evidence suggests that such disclosures reduce information asymmetry and
lead to more accurate pricing. See, for example, Hanley and Hoberg [2010], Benveniste and
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“allocation” risk that informed investors impose on the uninformed (Rock
[1986]); TPO firms can reduce this risk by offsetting the advantage of in-
formed investors via voluntary disclosures. On the other hand, strategic
non-disclosure can help them secure higher expected prices in equilibrium
(e.g., Verrecchia [1983], Dye [1985], Jung and Kwon [1988]). We model
this tradeoff and show that it shapes disclosure strategies of informed firms
in unique and important ways not hitherto identified in the literature.

Our analysis yields a striking and seemingly counterintuitive result on the
relation between demand and supply (through disclosure) of information
in equilibrium. Namely, disclosure is most forthcoming in equilibrium when
itis least valuable—it is precisely when a greater fraction of investors is already
informed that IPO issuers disclose more in equilibrium. We show that this
result has important implications for investment efficiency when firms go
public to fund capital investment requirements. In particular, investment
efficiency suffers when the market is more informed: The equilibrium level
of underinvestment rises as the fraction of informed investors increases in
the IPO market.

In related literature, a number of papers show that informed trading in-
duces an incentive to withhold information (Fishman and Hagerty [2003],
Holmstrom, [2009], Pagano and Volpin [2012]). In our setting, higher
disclosure ameliorates IJPO underpricing by reducing the (information)
advantage of informed traders over the uninformed.* Furthermore, the
negative relation of market information and capital investment efficiency
complements recent results in the literature (e.g., Axelson and Makarov
[2014]).5 In addition, our analysis reveals somewhat counter-intuitive pric-
ing effects of heterogeneously informed market participants in the pres-
ence of strategic disclosure. Specifically, the extent of underpricing need
not be monotonic in the intensity of informed trading, a result that adds to
the literature on the effect of informed trading on the distortion in security
prices (Glosten and Milgrom [1985]).

The novel equilibrium association between the demand for information
and its supply through disclosure continues to hold even with costly in-
formation acquisition and endogenous determination of the fraction of
informed investors. Namely, managers are more likely to withhold infor-
mation from markets precisely when there is more demand for it, that is,
when a lower fraction of investors choose to become informed. Thus, when
the cost of information acquisition is high, disclosures are less forthcoming.

Wilhelm [1990], Busaba and Chang [2002], Cornelli and Goldreich [2003], Schrand and
Verrecchia [2005], Spindler [2010], and Chaplinsky, Hanley, and Moon [2014].

4 At a broader level, our result is consistent with the literature in the sense that informed
trading can induce distortions in firms’ incentives to disclose information.

%In an auction setting Axelson and Makarov [2014] show that a larger number of privately
informed bidders who bid for the ownership of an investment project might lead to less rather
than more efficient investment due to the winners’ curse. In equilibrium, several bidder types
pool and bid zero (or do not participate) and prevent efficient information aggregation or
investment.
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The existing literature finds that corporate disclosures may promote infor-
mation acquisition by market participants and enhance liquidity (Fishman
and Hagerty [1989], Diamond and Verrecchia [1991], Boot and Thakor
[2001], Einhorn [2014]). Our results shed light on how managers respond
to information acquisition that takes place prior to such disclosures.®

Our paper is also related to the growing literature that explores the in-
teraction between voluntary disclosure and firms’ access to financial mar-
kets (Bertomeu, Beyer, and Dye [2011], Beyer and Guttman [2012], Kumar,
Langberg, and Sivaramakrishnan [2012], Cheynel [2013], Hughes and Pae
[2014]). In Bertomeu, Beyer, and Dye [2011] firms issue securities to in-
vestors who might subsequently be forced to liquidate their holdings and
trade against informed investors in the case that the manager does not dis-
close information. The optimal financial security to minimize the potential
loss from informed trading and maximize the issue price is derived in light
of strategic voluntary disclosure. While their focus is primarily on the im-
pact of a firm’s disclosure following the issue of financial securities on its cap-
ital structure and cost of capital, our interest lies in characterizing voluntary
disclosure in a setting in which firms’ securities are issued with a fraction of
investors already informed. Hughes and Pae [2015], Cheynel [2013], Beyer
and Guttman, [2012], and Kumar, Langberg, and Sivaramakrishnan [2012]
shed light on the implications of discretional disclosure for the efficiency
of real capital allocation. We add to these studies, in which all investors
are homogeneously informed, by considering heterogeneously informed
investors and exploring the joint determination of voluntary disclosure, in-
vestment, and extent of informed trading.

From a broader perspective, the impact of information asymmetry on
a firm’s ability to raise money from capital markets has been a subject of
much research in the literature. It has been suggested that firms can sig-
nal their quality through the level of dividends, ownership structure, and
financial securities they issue (Leland and Pyle [1977], Myers and Majluf
[1984], Miller and Rock [1985], DeMarzo and Duffie [1999]). In related
literature, Allen and Faulhaber [1989] provide a rationale for underpric-
ing in an IPO market by showing that good firms with superior prospects
can signal through low IPO price and quantity. However, when firms can
communicate to markets information about the quality of their firms, for
example, as reflected in the cross-sectional differences in the informative-
ness of IPO prospectuses (Hanley and Hoberg [2010]), then the strategic
disclosure behavior of issuing firms must also be taken into account. Thus,
our result that information endowment, disclosure behavior, and under-
pricing are intricately related adds to this literature.

The paper proceeds as follows. Section 2 lays out the model. We develop
the disclosure equilibrium in section 3 by initially assuming an exogenously

61t has also been argued that information production by markets that is triggered by disclo-
sure allows managers to learn from the reaction of market prices through feedback (Dye and
Sridhar [2002], Langberg and Sivaramakrishnan [2010]).
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given mass of informed traders, and later allowing for endogenous infor-
mation acquisition by investors. In section 4, we explicitly consider capital
investment by the IPO firm. We provide a conclusion in section 5.

2. The Model

We model a private firm, controlled by an owner-manager M, that pos-
sesses a project with expected net future cash flows of 7 that have a contin-
uous distribution with positive support IT = [7yin, Tmax] C [0, 1]. The firm
has decided to go public through an IPO of ¢ € (0, 1] shares out of a total
of 1 share outstanding. The motivations for the IPO are outside the purview
of our model,” and we take ¢ as a given parameter throughout our analysis.

Subsequently, M receives information about the firm’s expected future
cash flows 7 with probability A € (0, 1) via an informational event (a la Dye
and Sridhar [1995]). When informed, M can voluntarily and credibly dis-
close this information to the market (Verrecchia [1983], Dye [19851).8 For
example, she can choose to make the IPO prospectus more informative or
disseminate information through the investment banks in the IPO process
(Hanley and Hoberg [2010]). Let @ € [7yin, Tmax] U ¢ denote the man-
ager’s information so that @ = 7/, where 7’ € [7Tiin, Tmax] is the true real-
ization of m when the manager is informed, and w = ¢ when the manager
is uninformed.

The market for the firm’s shares in the IPO consists of two types of differ-
entially informed investors (Grossman and Stiglitz [1980], Benveniste and
Spindt [1989]). In particular, we model a continuum of rational investors
with mass or number N = Ny + Ni.° The mass Ny; > 0 are uninformed in-
vestors, while the mass N; > 0 are informed investors that receive early infor-
mation about 7 with probability A € (0, 1) via the same informational event
that informs M.'° Throughout the paper we take the total mass of traders
(N) as fixed. We assume initially that the mass of informed investors Nj is
also fixed (i.e., N is taken to be an exogenous parameter). Later in the
analysis, as a robustness check on our results, we allow N; to be endoge-
nously determined (prior to the possible arrival of information) through
costly information acquisition.

7 A number of papers in the literature provide useful surveys of the theories or motiva-
tions for going public—for example, Pagano, Panetta, and Zingales [1998], Brau and Fawcett
[2006], and Aslan and Kumar [2011]. In particular, relaxing project financing constraints is a
major motivation for going public, and we examine this issue in section 4.

8The intuition of our results holds also when, as in Dye [2013], managers have the duty
to disclose material information in their possession and may incur penalties when caught
violating this requirement.

9We use the terms mass and number of investors interchangeably throughout the paper.

19 A more general information structure would lead to qualitatively similar results as long
as the manager, by disclosing information, reduces the information advantage of informed
investors.
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Each atomistic investor can purchase at most one share; thus, all investors
can purchase at most N shares. If the number of investors subscribing to the
IPO, denoted by N D turns out to be greater than the number of shares to
be issued, then the IPO would be oversubscribed. In this case, all investors
receive the same allocation that falls short of their total demand, that is,
each investor would receive an allocation of R%’ if NP > g. On the other
hand, if NP < ¢, the manager fails to sell the desired amount of shares,
and the IPO fails. To ensure that successful IPO is feasible, we will assume
that all ¢ shares can be sold in the IPO to the uninformed investors (Rock
[1986]), that is,

ASSUMPTION 1. Ny > gq.

The issue or IPO price P, is determined endogenously conditional on
the manager’s disclosure decision. We will specify the process for the de-
termination of P;,, below and will henceforth refer to it as “issue price” or
“offer price.” Following the determination of Pj,,, M obtains a cash inflow
of ¢P;, and retains ownership with value (1 — ¢)7.!! Thus, the payoff to
M given expected cash flows 7 and the realized IPO offer price P;,,, condi-
tional on ¢, is

Ulw(napijw) =qum+(1—Q)7T (1)

The realized payoff to investors from ownership of one share of the stock
purchased is then (7 — Py,).

Because the demand for the IPO is random, this process exposes unin-
formed investors to allocation risk (Rock [1986]), as we will see below. Note
that uninformed investors receive a lower fraction of their demand when
informed investors find it optimal to participate, that is, when N” is high.
For this reason, uninformed investors need to be compensated for this risk
via low issue prices or underpricing.

Following the IPO, the true value of the firm becomes public and the
firm is traded at price P™*" = 7. Consistent with the literature, we define
the level of IPO underpricing as the percentage difference between the
offer price P, and the market value following the IPO:

Pmkt _ Pipo

Pi 0 ’

The sequence of events after an IPO, with ¢ as common knowledge, is as
follows:

[Realized Underpricing] y = (2)

1) The manager and informed investors observe the information event
or not.
2) The informed manager potentially discloses information 7 or not.

'In a subsequent section, we explicitly consider the case in which M initiates the IPO to
finance an investment opportunity.
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3) The offer price P, is determined.
4) Following the IPO, the market price P"* is realized.

3. Voluntary Disclosure with Informed Investors

We will examine the perfect Bayesian equilibrium (PBE) in pure strate-
gies of the game set up by the time line above. The PBE consists of:!?

Manager’s Disclosure Strategy: Let s denote the manager’s disclosure strat-
egy: m — {D, ND}, with D denoting a voluntary disclosure of information
7 by the informed manager, and ND denoting nondisclosure. The unin-
formed manager has nothing to disclose.

IPO Trading Strategy: Given the IPO issue price P,,, uninformed investors
decide whether to participate in the IPO based on the information dis-
closed by the manager, their Bayes-consistent beliefs on the manager’s dis-
closure strategy, and the participation strategy of informed investors. In
particular, the participation strategy of uninformed investors is contingent
on the public information ®, where ® = 7 if disclosure takes place and
® = ND if otherwise. Informed investors, however, effectively observe w
and decide whether to participate.

IPO Issue Price. The IPO offer price Py, is such that the uninformed in-
vestors just break even in expectation—that is, the participation constraint
of the uninformed investors is just binding (see equation (4) below).

3.1 PRELIMINARIES

As discussed earlier, in order for the manager to be able to fully finance
the IPO from the capital provided by uninformed investors, it has been
assumed that Ny; > ¢. But, at the same time, it must not be possible to
cover the IPO with only the informed investors, N; < ¢ —otherwise, as we
explain below, the IPO price will always reflect their information.

Suppose instead that N; > ¢, that is, there is sufficient demand for ¢
shares of the stock at its fair price. There exists an equilibrium where
only informed investors participate in the IPO, which is perfectly priced. Of
course, this will not be an equilibrium in the extended game (introduced
in section 3.5) in which this mass N; of informed investors must choose to
become informed because there are no gains here from informed trading.

Similarly, consider the case in which both types of investors are required
to participate in the IPO for it to succeed; that is, N; < ¢, Ny; < ¢, but
Nyr + Ni > ¢. In this case, there exists an equilibrium in which the IPO is
perfectly priced and the uninformed always participate knowing that the
IPO will fail if the informed choose not to participate (because there would
not be sufficient demand to cover the issue); once again, there are no gains
from informed trading. Thus, informed investors can potentially gain from
informed trading only when N; < ¢ < Ny;—in line with Rock [1986].

12 We focus on pure strategies played by the manager and the traders.
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It follows from the above that it suffices to restrict attention to equi-
librium outcomes in which either all investors participate in the IPO or
only uninformed investors participate, that is, equilibria in which all un-
informed investors always participate in the IPO (without knowing if it is
underpriced or overpriced) while informed investors participate only in
the underpriced IPOs. Consider the IPO allocation per participant (for
Nyr > ¢q), denoted by s,

ﬁ, if all Ny; + N investors participate
» = , IPO Allocation. (3)
N({—I, if only uninformed, Ny, participate

3.2 INVESTOR PARTICIPATION

Specifically, in any equilibrium, given private information @ and public
information revealed by the disclosure decision ® € {7z, ND},

e Informed investors will participate if and only if P;,, < E(7|w).

¢ Uninformed investors will participate if and only if E[s (7w — Py,)|P] >
0.

The equilibrium participation of uninformed investors reflects their
Bayes-consistent beliefs regarding the value of the project 7, their alloca-
tion in the IPO s, the disclosure behavior of the manager, and the par-
ticipation behavior of informed investors. In equilibrium, the uninformed
investors just break even from participating in the IPO (i.e., equation (4),
below). That is, the equilibrium IPO offer price P;,,(P) = P}, satisfies:

o
0=E[x(m—P,)|®]. (4)

This equilibrium IPO offer price reflects both the adverse selection
risk (Myers and Majluf [1984], Dye [1985]) and the allocation risk (Rock
[1986]). That is, uninformed investors take into account the possibility that
(1) the manager is strategically withholding information (following non-
disclosure, ® = ND), and (2) informed investors are strategically partici-
pating in the IPO, potentially leaving them (uninformed investors) with
higher shares of overpriced IPOs.

Because informed investors do not participate when an IPO is overval-
ued, and uninformed investors participate in all IPOs, we can define the
expected payoffs to informed investors, V!, and to uninformed investor,
VUL as

V! 7 g ([n — P;;,,,] Iz (tiw)>P:

- Nur + Np /) cand V8= E [ (v - P;;w)] . 9)

where Ip(ri0)=p;, denotes the participation of informed investors, i.c.,
Ip(ﬂ|w)2]>17m =1 for E(7|w) > Pi’;m and zero otherwise.
3.3 DISCLOSURE STRATEGY OF THE INFORMED MANAGER

In equilibrium, the informed manager takes into account implications
of her disclosure action on the competitive IPO issue proceeds and on
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investor participation. In particular, the manager of type 7 will choose be-
tween disclosure, that is, ® = 7, or nondisclosure, that is, ® = ND, to max-
imize her expected payoff E[UM|x] as in (1). If the informed manager
discloses, then P;,, = m and her payoff is UM (7|® = D) = . If, on the
other hand, the informed manager does not disclose her information, then
the IPO issue price following non-disclosure is Pj,,(ND), and her payoff is
UM(z|® = ND) = qPipo(ND) + (1 — g)m. Thus, asin Dye [1985] and Jung
and Kwon [1988], the manager discloses when her private information 7
exceeds this non-disclosure price:

7w > Py, (ND)[Manager Prefers Disclosure over Non-Disclosure].  (6)

3.4 PROPERTIES OF THE EQUILIBRIUM

It is worth noting that N; = 0 is the benchmark of homogeneous in-
vestors (Dye [1985]). In this benchmark, all IPO participants are exposed
only to the adverse selection introduced by the informed manager (there
is no allocation risk). Because all investors Ny; are endowed with the
same information, they share the same participation preferences in equi-
librium. When they decide to participate, they expect an equilibrium al-
location of the TPO s = T’[{_/ (see (3)). Consequently, in equilibrium, the
IPO ofter price satisfies Pj,, = E[m|®] and the marginal manager aHl s
indifferent between disclosing information and not disclosing information
when P! = E[x|® = ND]. Thus, when N; = 0, the equilibrium IPO issue
price following non-disclosure P;,,(ND) = P"! equals the disclosure cutoff

7l = PHI and is the solution to:

P = JE (z|m < P+ (1 - ) E(n),

LPr(m < PHTy
APr(m < PHI) +1— |’

It follows from Dye [1985] and Jung and Kwon [1988] that in this bench-
mark there exists a cutoff P/ < E () (as given by (7)) such that the man-
ager of type 7 will disclose her private information when = > P/ and the
IPO issue price following nondisclosure is given by Py, (ND) = P! and fol-
lowing disclosure is P;, () = . It follows also that expected underpricing
is zero for all @, thatis, Py, (®) = E(n|®) = E(P"|®), for ® € {m, ND}.

When some investors are informed, the manager faces competition in ex-
ploiting uninformed investors, so to speak. Consequently, as we show next,
the manager’s disclosure strategy and the IPO issue price following non-
disclosure depend on the fraction of informed investors in the market.

Recall that the IPO issue price depends on uninformed investors’ expec-
tations conditional on the information disclosed by the manager. Follow-
ing nondisclosure, uninformed investors would weigh the possibility that
the manager is informed but strategically withholding information given
the manager’s strategy of not disclosing whenever 7 < P. And, as discussed

where A = [ (7
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earlier, the IPO issue price Py, = P is set to be the highest price at which
uninformed investors are still willing to participate.

Participating in the IPO is beneficial from the perspective of informed
investors when they know that the manager is uninformed; otherwise, the
IPO is overvalued and informed investors do not participate. In particu-
lar, informed investors will not participate in the IPO following nondisclo-
sure by the informed manager because 7 < P, in which case participating
uninformed investors receive allocation T;{—[ and realize (negative) payoff
[E(rlr < P) — PI:L.

However, when the manager is not informed (i.e., firm value is E (7)),
both uninformed and informed investors will participate and receive allo-
cAation be\z The payoff to any participating investor would be [E () —
P] ﬁ, which is positive in equilibrium. The following lemma summa-
rizes participation of informed investors in equilibrium as follows from the
above discussion.

LEMMA 1 (Trading by Informed Investors). In any equilibrium, with mass
of informed investors Ny < q < Ny; and IPO issue price following nondisclosure of
P, informed investors do not participate in the IPO following nondisclosure by an
informed manager (i.e., of type m < P ); otherwise, when informed investors know
that the manager is not hiding information and firm value is E () (since there was
no information event), they participate in the IPO if P < E(rr).

_ Therefore, the expected payoff to an informed investor given N; and
P < E(m) is,

VINLP) = —L— (1 =0 (E(r) - P). 8

(N1, P) N1+Nm( ) (E() = P) (8)

Similarly, the expected payoff to an uninformed investor is:

VUNG, P) = 2L (E(rlm < P) = P) + —L—(1 = 2) (E(x) — P),
(N7, P) NU,((| =P)-P) Nf+Nuz( ) (E(7) — P)

where
APr(m < IA)
)\/ ( = )

= . . 9)
APr(m <P)4+1-x

Accordingly, the equilibrium IPO issue price Py,(ND) = P is the solution
to VUI(N;, P) = 0 or:

A Ap A 1=
P=\———|E@#mIT<P)+ |- ) E(n),
WMo+ 1—N WMo+ 1—n

N; + Ny;

10)
Ny (

where p =

The difference here relative to the homogeneous investor case lies in the
introduction of allocation risk, as is summarized in (3) and captured by
p in (10). When the measure of privately informed investors is zero (i.e.,
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N; = 0), the IPO issue price following nondisclosure P equals the bench-
mark price P/, which also equals the conditional expected value of the
firm following nondisclosure. In the presence of informed investors (i.e.,
N; > 0), not only does the cutoff 7 change relative to the benchmark, but
the TPO issue price following nondisclosure P will also not equal the ex-
pected market value of the firm following nondisclosure, P # E(7|ND).
The reason is that, following nondisclosure, uninformed investors put
higher weight (notice p > 1) on the possibility that the manager is strate-
gically withholding information and attribute low valuation, that is, on the
net loss E(mw|m < P) — P.

EQUILIBRIUM (Voluntary Disclosure). There exists for any given mass of in-
formed investors N; < q, a unique cutoff P € (0, P"'") (given by the solution to
(10) ) such that the informed manager voluntarily discloses favorable information,
T o> 13, with consequent IPO issue price of Py, () = 7, and issue price following
non-disclosure of P.

To show there exists such an equilibrium cutoft for which VUIL(N;, ﬁ) =
0, note that for P= Tmin, the expected profit of the uninformed is
strictly positive (VU = TLNL“ (E(7) — Tmin) > 0), while for P = E () we
have, VUl = )L/K;%(E(T[UT < E(m)) — E(7)) < 0. Consequently, we con-
clude from the Intermediate Value Theorem that there exists such an equi-
librium IPO issue price. We show in the appendix that this issue price is
unique and lower than that in the benchmark case with homogeneous in-
vestors, that is, Pe (0, Py,

The informed manager’s incentive in withholding information is to
sell overvalued shares to the market while informed investors strategically
participate in undervalued IPOs. In equilibrium, the informed manager
strategically sets her disclosure cutoff P so that the participants in the [PO
overpay even as informed investors choose not to participate. Of course,
whenever the informed manager discloses, informed investors no longer
have an information advantage and cannot gain from trade. This disclo-
sure strategy of the manager (for a given mass of informed investors) is
simulated in figure 1, assuming that firm value (i) is distributed uniformly.

When the manager is uninformed, that is, when both the manager and
informed investors do not observe 7, informed investors gain from par-
ticipating in the undervalued IPO because they know the manager is also
uninformed but uninformed investors do not.

This strategic behavior of informed investors following nondisclosure
leads to more disclosure relative to when there are no informed investors.
The reason is that it lowers the nondisclosure issue price so that unin-
formed investors break even. Indeed, as figure 1 illustrates, the equilib-
rium disclosure cutoff decreases as the fraction of informed investors ~ i’\,{v[
increases.
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Strategic Disclosure Equilibrium
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FI1G. 1.—The graph is plotted based on the example of uniformly distributed firm value 7 ~
U(0, 1) and for the parameter values (A = 0.5, ¢ = 0.2).

PROPOSITION 1 (Propensity to Disclose). For any given mass of informed in-
vestors Ni < q, the disclosure cutoff above which the manager discloses information
is decreasing in the ﬂaction of informe.d investors - J‘:‘{VIY , S decreasing in the .likeli—
hood of an information event A, and is not affected by the level of equity sold in the

IPO g in the interval ¢ € (N, Nyy).

Strikingly, it is when a grealer fraction of investors is already informed that
the informed manager would be more forthcoming with disclosure. This result
is attributable to the level of underpricing following non-disclosure. The
greater the fraction of informed investors, the more severe is the allocation
risk imposed on uninformed investors, and, consequently, the informed
manager has a greater incentive to disclose, in order to level the playing
field and avoid issuing equity at a deeper discount.

We also note that the higher the probability that the manager is informed
(1), the more severe is the adverse selection problem between the informed
manager and the outside investors, and the lower is the disclosure cutoff
in equilibrium. Finally, in the interval ¢ € (N, Nyy), the fraction of equity
sold has no effect on the disclosure cutoff; rather, it is the relative mass of
informed investors partaking in the IPO that is salient in determining the
disclosure cutoff.

To calculate the level of underpricing, we turn next to the realized mar-
ket price once trade takes place (sometimes referred to as the after-market
price). As specified earlier, the market price reflects the true realization
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of firm value P™" = . It is clear that once the uncertainty is removed

by the manager via disclosure (that is, ® = ), the IPO issue price and

the market price are both equal: P, = Pt =g, Following nondisclosure,

the expected market price (or expected firm value) E (P™!|ND) reflects

the conditional likelihood that the manager is informed and is strategically
APr(z<P)

. .. . , . .
withholding information, A" = TP =B L’ with corresponding expected

value E(m|mr < P), and the likelihood that the manager is uninformed
(w =¢), 1 =1/, in which case the expected value is E (x). Therefore, the
expected market price following nondisclosure by the manager is (where P
is given by (10)),

E(P"™|ND) = ¥ E(x|x < P)+ (1=¥) E(n),

(11)

, APr(z < P)
where A’ = - .
APr(m <P)4+1-—A

We note that E (P""|ND) exceeds the price at which the IPO is issued.
Indeed, it follows from (10) and (11) that P;,,(ND) < E(P™|ND) in equi-
librium. Intuitively, uninformed traders face competition from informed in-
vestors that selectively participate in undervalued IPOs. Consequently, un-
informed investors will participate only if the IPO is underpriced, that is,
the offer price is sufficiently low to compensate them (Rock [1986]). But
the manager here can avoid the cost of underpricing by voluntarily disclos-
ing information: following disclosure both the IPO offer and the market
price incorporate the same information, P"* — P;,, = 0. In equilibrium,
the level of underpricing following nondisclosure therefore depends on
the manager’s disclosure strategy.

Figure 2 illustrates the difference between the IPO issue price and the
market price following nondisclosure for the uniform distribution. Three
disclosure cutoffs are depicted: for the benchmark case and for high and
low fractions of informed investors. Note that the disclosure cutoff in the
benchmark case of homogeneous investors, P! is above the two disclosure
cutoffs with informed investors P (consistent with Proposition 1). This ob-
servation is useful in understanding why the level of underpricing is increas-
ing in the relative mass of informed investors. In particular, the expected
value of the firm (following nondisclosure), for a given disclosure cutoff
7', is minimum at the equilibrium disclosure cutoff, PHT in the benchmark
case of homogenous investors—this property follows from condition (7). At
the equilibrium cutoff with informed trading P (which is to the left of P/'7)
the expected market value of the firm following nondisclosure is above the
disclosure cutoff or IPO issue price, and is to the left of, and higher than,
the expected value of the firm in equilibrium in the homogeneous investor
case. These effects are more pronounced as we increase the fraction of in-
formed traders (the purple line vs. the red line relative to the blue line).
Thus, as the relative mass of informed investors increases and the IPO issue
price following nondisclosure decreases, the corresponding market price
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Equilibrium Derivation of Disclosure Cutoff
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FIG. 2—The graphs plotted are based on the example of uniformly distributed firm value
m ~ U(0, 1) and for the parameter values (A = 0.9, ¢ = 0.2). The three cases p =0, p = 1.25,
and p = 1.75 are plotted separately.

following nondisclosure (on the blue line) increases, and consequently the
underpricing also increases.

COROLLARY 1 (Underpricing). For any given mass of informed investors Ny <
q, the expected level of underpricing following nondisclosure is strictly positive and
is increasing in the fraction of informed investors, that is, E(y|ND) > 0, and
w > 0. The expected level of underpricing following disclosure is zero. The
overall expected level of underpricing E (y) is nonmonotonic in the likelthood of an
information event A.

The expected level of underpricing E(y) approaches zero as the likeli-
hood of an information event approaches the extreme values of either 0
or 1. Intuitively, when A — 0 the uninformed investors do not face alloca-
tion risk and do not demand a discount in order to participate in the IPO,
and on the other extreme when A — 1 the manager fully discloses her pri-
vate information. Thus, the expected level of underpricing is zero at both
extremes and is maximized for an interior value of the likelihood of an
information event.

3.5 INFORMATION ACQUISITION BY MARKET PARTICIPANTS

We now consider endogenous costly information acquisition by a seg-
ment of investors or market participants. Specifically, from the total mass
of investors N > 2¢ we endogenously derive the mass of investors N; that



VOLUNTARY DISCLOSURE AND INFORMED TRADING 15

choose to become informed about the quality of the IPO when information
acquisition is costly.!® The mass of investors that remain uninformed is thus
N — Nj.

To model information acquisition in a simple manner—and to obtain
a unique equilibrium with pure strategies—we assume that all investors
x € [0, N] are ordered such that the cost of information acquisition for x is
monotonically increasing in x and is given by §(x) = §x, 6 > 0. As before,
informed investors (like the manager) observe the valuation signal = when
there is an information event (with probability ). Let the set of investors
who choose to become informed be given by the ordered set [0, x'(N)],
where N represents the conjectured mass of informed investors in equilib-
rium. Note that all informed investors realize the same expected gain from
informed trading V' (N, P(N))) as defined in equation (8). The equilib-
rium conjectured mass of informed investors N; defines the marginal in-
vestor of type x’(N;) who is exactly indifferent between becoming informed
or not, thatis, ¥’ (N;)8 = VI (N, P(NI)). In equilibrium, of course, the con-
jectured mass of informed investors exactly equals the mass of investors that
choose to become informed, or N; = x'(N;).

Specifically, let T (IV;) be the expected gains net of information acqui-
sition costs for the marginal informed investor. Then, for sufficiently large
cost of information acquisition §, an interior solution exists to the following
condition that defines the equilibrium mass of informed investors (where
p(N;) is the solution to (10)),

T(N])=%(1—k)(E(n)—P(N,))—8N,:O. (12)

It is noteworthy that in any equilibrium in which N; traders rationally
choose to become informed, they must expect positive rents from informed
trading. As discussed in the previous section, such positive rents accrue
when N; < ¢, which will indeed be the case in equilibrium provided the
cost of acquiring information (§) is sufficiently large. This is established in
the following result.

EQUILIBRIUM (Endogenous Mass of Informed Investors). There exisis a
lower bound cost of information acquisition 5> 0, such that, for any § > 3, there
is a mass of informed investors N; and a disclosure cutoff }A)(N[*) that satisfy the
equilibrium conditions (10), (12), and N; < q.

Of particular interest is the equilibrium relation between the cost of
information acquisition and the disclosure policy of the manager or the
disclosure cutoff. As one might expect, a higher cost of information ac-
quisition discourages investors from acquiring information, and it does
so in two ways: first, directly since the cost of information acquisition is

13wWe require that N > 2¢ so that there are always enough uninformed investors N — Ny to
participate in the IPO (in the spirit of assumption Al) for the equilibrium level of N; derived
shortly.
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FI1G. 3.—The graph is plotted based on the example of uniformly distributed firm value 7 ~
U(0, 1) and for the parameter values (A = 0.5, ¢ = 0.2, N = 0.4). Disclosure cutoff values are
on the right.

proportional to § (referring to expression (12)) and second, indirectly
through its negative effect on the potential profits from informed trading.
In equilibrium, the mass of informed investors affects the IPO issue price
through the disclosure policy of the manager, which, in turn, affects the
benefits from becoming informed.'* Moreover, as in our earlier analysis,
with less informed investors, the disclosure threshold increases, leading to
less disclosure in equilibrium. Overall, this implies that the disclosure cutoff
is increasing in the cost of acquiring information.

Thus, the underlying tenor of a primary message of this paper remains
the same—that disclosure is more forthcoming when it has less informa-
tion value, that is, when the cost of information acquisition is low and the
mass of informed investors is high. Figure 3 depicts the equilibrium mass
of informed investors and the disclosure cutoff as a function of the cost of
information acquisition.

On the other hand, the benefit of acquiring information or the expected
gains from informed trading are influenced by the fraction of equity sold

1 To see how, notice that the IPO issue price following nondisclosure P(Nj) decreases in
. . Y ~ . .
the fraction of informed traders ¥ Consequently, looking at the expression (12), one can

see that a decrease in N; increases f’(N[), and therefore decreases the expected gain (1 —
A)(E(m) — P(Ny)) from purchasing the stock when it is profitable to do so.
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(g), and the total mass of investors (N). We next analyze the equilibrium
disclosure behavior of the manager with respect to these parameters. Intu-
itively, the potential gains from trade for informed investors and, thus, the
equilibrium mass of informed traders IV, are increasing in the allocation of
shares £ they receive in the IPO. Consequently, while the manager discloses
information more aggressively when the fraction of informed investors %
is larger, our analysis suggests that there will be more disclosure when the
fraction of equity sold ¢ is higher or when the total mass of investors that

plan to participate in the IPO N is smaller.

COROLLARY 2 (Propensity to Disclose). The managers’ disclosure cutoffis (1)
increasing in the cost of becoming informed 8, (2) decreasing in the fraction of equity
sold at the time of the IPO (q ), and (3) increasing in the total mass of investors N.

We end this section by highlighting implications of our disclosure equi-
librium for underpricing. As discussed earlier, the IPO issue is underpriced
to compensate the uninformed investors for allocation risk. Due to the
effects of the aforementioned parameters on the endogenous mass of in-
formed investors and since the expected level of underpricing is increasing
in the mass of informed investors (Corollary 1), the following results imme-
diately follow.

COROLLARY 3 (Underpricing). The expected level of underpricing following
non-disclosure is (1) decreasing in the cost of becoming informed 8, (2) increasing in
the fraction of equity sold at the time of the IPO (q), and (3) decreasing in the total
mass of investors N .

4. Capital Investment and Disclosure in IPOs

In this section, we highlight some real implications of our model by con-
sidering the effects of the informed manager’s disclosure strategy and the
fraction of informed investors on the level and efficiency of capital invest-
ment by the IPO firms. These real effects of strategic disclosure and in-
formed trading arise when the proceeds from a successful IPO are used to
finance new investment opportunities, which is consistent with the stylized
fact that external financing of capital investment is a major driver of the go-
ing public decision (Brau and Fawcett [2006], Aslan and Kumar [2011]).
To fix ideas, note that an important insight from the previous analysis is
that the fraction of informed investors together with strategic disclosure by
the manager exacerbate adverse selection in the IPO market and reduce
the TPO issue price. Hence, the intensity of informed trading in the IPO
market can drive investment funding and, hence, have a major impact on
investment efficiency.

More formally, we undertake a simple extension of our model by intro-
ducing an investment opportunity with a constant rate of return R, where
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R e (1, %).15 If the firm invests K > 0, then the total value of the firm (with
assets-in-place of ) is I[1(w, K) = 7 + RK.'6 The investment, in turn, is de-
termined by the proceeds of the IPO. Hence, if the IPO results in the sale
of the fraction ¢ of shares of the firm at the issue price P,,, then K = ¢ Py,
and the firm realizes a gross return of RqP;,,. The expected payoff to the
manager is then

(1= ¢q) (7 + RqPy,). (13)

Clearly, the manager’s payoff is increasing in the IPO issue price; hence, she
will prefer to disclose 7 (and realize the issue price Py, (7)) rather than
not disclose (and realize the issue price Pj,,(ND)) whenever Pj,,(w) >
Py, (ND). Note that, following a disclosure of 7, there is no uncertainty
and the issue price satisfies Py, () = 7w + RqP;, (), which simplifies to:

T
Py, (m) = —, [Price Following Disclosure]
@

where ¢ = 1 — Rq.!” Consequently, the manager will disclose information
ifmr > @Py,(ND).

As before, the price following nondisclosure must induce participation
by the uninformed investors. Following the earlier analysis, the payoff to
the uninformed investor given IPO issue price P;,,(ND) = P is:

VU(N, P) = A~ (E(x|r < ¢P) — ¢P)
Nyp
+—1 (- (E(r) - ¢P), (14)
N; + Ny;

where A" is given by (9). Accordingly, the equilibrium IPO issue price Pis
the solution to VU (N, P) = 0 or:

P Yo\ g <o) + (— ) B
= _— JT|TT —_— ),
¢ Wo+1—n =9 Wo+1—n

Ny + Ny
whereps%,andgpsl—l{q>0. (15)
Ul

In sum, when there is a constant returns to scale investment technology anAd
the IPO proceeds are used for investment, then the issue price is ¢ P = P,
where P is given by the equilibrium price derived in subsection 3.4 and
the solution to equation (10). Thus, the disclosure cutoff is not affected
by the introduction of the investment technology. In contrast, the level of

151t will become clear that, to ensure that prices are well defined, we require this upper

bound on the return on investment.

16 We thank an anonymous referee for suggesting this setting. Note that our previous anal-
ysis can be viewed as a special case when R = 1 and the proceeds from the IPO are not rein-
vested in the firm.

7 The upper bound on the return on capital invested implies that R <
Rq > 0.

1

Ea

sothatgp =1 —
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investment is affected by the fraction of informed investors in the market,
the return on investment, the fraction of shares issued at the IPO, and the
likelihood of an information event. Intuitively, the higher the return on
investment R and the higher the fraction of shares that are sold in the IPO,
the higher is the expected level of investment. In particular, variations in
the fraction of informed investors affect the equilibrium disclosure strategy
of the manager and impact the level of investment.

Since the level of investment is given by ¢Ppo, it is useful to specify the
expected IPO issue price E(P;pg) implied by the equilibrium disclosure
cutoff P (where F(P) =Pr(mr < P))

Trmax

E(Prpo) =(1—/\+)»F(ff’))f +A[ zf(zr)dzr. (16)
% P %

While the fraction of informed investors does not appear explicitly in
(16), it affects the expected level of investment through the equilibrium
disclosure strategy and level of underpricing (see Corollary 1). Because
non-disclosure results in underpricing in equilibrium (i.e., Prpo(ND) <
E(Il(z, Pipo(ND))|ND)), it follows that we can deduce the comparative
statics for E(Prpo) with respect to the fraction of informed traders and
other salient parameters.

PROPOSITION 2 (Investment with Fixed Mass of Informed Investors).
When the manager can invest the proceeds from the IPO qPrpo at gross rate of re-
turn R, the disclosure cutoff (as before) is given by a unique cutoff P e (0, P
(the solution to (10) ). The IPO issue price following disclosure is Py, () = % and

Sfollowing nondisclosure is Py,,(ND) = P = £ Consequently, expected investment

qE(Prpo) is decreasing in the fraction of mformed investors J:\ increasing in
the return on capital R, and increasing in the fraction of equily sold at the IPO q.

Proposition 2 indicates the real investment implications of voluntary dis-
closure in the presence of informed trading in IPOs. In particular, it is espe-
cially interesting to develop the real effects of higher intensity of informed
trading. Because the disclosure cutoff P is decreasing i 1n the fraction of in-
formed traders, the price following nondisclosure P = £ decreases with in-
formed intensity of financial markets, and so does the capital investment of
the nondisclosing firm (i.e., K = qg). Thus, there is lower investment when
there is no information event or when an information event occurs but the
manager strategically withholds information. Moreover, the informed man-
agers that now disclose under the lower disclosure cutoff (due to higher
informed intensity) also realize a lower issue price and, hence, investment.
Overall, the expected capital investment—which is determined by the IPO
issue price—is decreasing in the fraction of informed investors. Formally,

dE(Pipo)  dE(Pipo) dP 1—A+AF(P)\ aP o am
= = —_—= —_—_—nmm —_—<< .
dN; dP  dN; (7 ANy
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FIG. 4—The graph is plotted based on the example of uniformly distributed firm value 7 ~
U (0, 1) and for the parameter values (¢ = 0.4, R =1.25,» = 0.5, Ny; = 0.4).

In figure 4, we graphically show this negative relation of expected
investment and P. We plot the disclosure cutoff and the level of expected
investment as a function of the fraction of informed investors for the uni-
form distribution. Thus, the higher the fraction of informed investors, the
lower the disclosure cutoff and the lower the level of investment.

Meanwhile, the likelihood of an information event is also an important
determinant of the manager’s disclosure strategy (Dye [1985]). As we have
shown in Proposition 1, the manager discloses more information when she
is ex ante more likely to be informed. However, the expected level of in-
vestment is nonmonotonic in the likelihood of an information event and
therefore is also not monotonic in the disclosure cutoff. We demonstrate
this nonmonotonicity in figure 5, which plots the disclosure cutoff and the
expected level of investment as a function of the likelihood of an infor-
mation event. When the adverse selection problem is least severe, or A is
near zero or one, then there is lower expected underpricing and expected
investment is maximized.

5. Discussion and Empirical Implications

Our analysis presents novel empirical predictions for both the literatures
on voluntary disclosure and IPOs. The foregoing results suggest a link be-
tween the level of informed trading at the time of the IPO and the dis-
closure behavior of the manager. Namely, IPO firms with a higher fraction
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of informed traders are predicted to be more forthcoming with their dis-
closures at the time of the IPO (i.e., a lower disclosure cutoff) and are
predicted to invest less efficiently. The market microstructure literature
uses a variety of measures of informed trading. These include bid-ask
spread levels (e.g., Stoll [1989]), the probability of informed trading (PIN)
measure of Easley and O’Hara [1987], and stock trading liquidity based
measures (e.g., Hasbrouck [1991], Sadka [2006]). Our analysis therefore
predicts that empirical measures of informed trading following the IPO
should be positively related to the level of pre-IPO disclosure—as reflected
in a more informative IPO prospectus, news releases ahead of the IPO, and
issue price revisions—and negatively related to the level of capital invest-
ment by the IPO firm. To our knowledge, such an empirical test has not
been undertaken in the literature.

Next, our analysis lends itself to further exploration of voluntary disclo-
sure behavior of IPO firms in the cross section and in the time series. We ex-
pect investors’ costs and benefits from acquiring private information to vary
across firms and industries, as well as intertemporally with changing macro-
economic business conditions. Consistent with the aforementioned predic-
tion of our model, our analysis suggests that pre-JPO disclosure by firms
should be positively related to the expected net benefit to investors from
information acquisition. Thus, the level of disclosure will be high when the
fraction of firm equity sold in the IPO is high. However, the level of disclo-
sure will be low when the cost of acquiring information is high and when
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there are more investors that are likely to participate in the IPO. These pre-
dictions suggest less disclosure by IPO firms in industries where it is costly
to acquire information—for example, in emerging industries due to the
lack of established business models that facilitate valuation. Moreover, we
should observe higher disclosure by IPO firms when they are not part of
an IPO wave because the opportunity cost of information acquisition is ar-
guably lower for investors in such cases. Again, many of these predictions
remain to be tested empirically.

Finally, as a consequence of strategic disclosure, our model generates the
novel prediction that the expected level of underpricing and the likelihood
of an information event (i.e., the likelihood that some investors have pri-
vate information) are related in a nonmonotonic fashion. Ellul and Pagano
[2006] provide preliminary evidence of such a nonmonotonic relationship,
but a more direct analysis would be of substantial empirical interest. In a re-
lated vein, our model also predicts a negative relation of IPO underpricing
and the cost of acquiring information and a positive relation with the frac-
tion of equity issued at the IPO. These predictions are consistent with the
observation that underpricing increases with informed trading intensity of
financial markets (Rock [1986]).

6. Conclusion

In this paper we characterize equilibrium voluntary disclosure strategies
and investment of informed managers when the capital market consists of
informed and uninformed investors. We focus on the IPO setting because
the presence of informed investors imposes an allocation risk on unin-
formed investors (Rock [1986]) and therefore firms must underprice their
IPO securities to alleviate this risk and attract the uninformed investors.
Credible voluntary disclosures potentially fully eliminate this allocation risk
by offsetting the advantage of informed investors. However, as the vast liter-
ature on voluntary disclosure has established, strategic nondisclosure can
fetch a higher issue price. Consequently, managers of issuing firms face an
important tradeoff in choosing whether or not to disclose.

Our main contribution is to show that, in equilibrium, managers of is-
suing firms disclose more information and invest less efficiently precisely
when a greater fraction of IPO participants are informed—that is, the
higher the fraction of informed investors, the more aggressive is a man-
ager in her disclosure strategy and the lower is the expected level of capital
raised (and also investment efficiency) in the IPO. However, such aggressive
disclosures reduce the gains from informed trading, that is, from acquiring
costly information. In equilibrium, the extent of information acquisition by
potential investors affects the issuer’s disclosure strategy. But the disclosure
strategy, in turn, affects the incentives for costly information acquisition
since the expected gains from informed trading depend on the fraction of
informed traders in the market.
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Some interesting and novel insights emerge from this equilibrium. First,
disclosures are less forthcoming and investment is more efficient when the
cost of information acquisition is high, suggesting that managers are more
likely to withhold information from markets precisely when there is more
demand for it. Second, larger IPOs (which imply higher expected alloca-
tions) lead to a higher fraction of informed investors, and, consequently,
managers of issuing firms are more forthcoming with disclosures when sell-
ing a higher fraction of equity. Third, the level of investment (and also
investment efficiency) is nonmonotonic in the likelihood of an informa-
tion event. These results suggest that the extent of voluntary disclosure
need not be monotonically associated with investment efficiency. Finally,
the equilibrium association between underpricing and the likelihood of an
information event is nonmonotonic.

In sum, we show that the fraction of informed investors and managers’
disclosure strategies are jointly determined in equilibrium and have real
implications for capital investment.

APPENDIX A

Proof (Equilibrium Voluntary Disclosure). Following nondisclosure the
uninformed investors base their expectations on their beliefs whether

the manager is informed or not. With conditional probability A'(P) =
APr(r<P)

APr(m<P)+1—x

not to disclose. In this case, the informed investors will not participate in

the IPO and the participating uninformed investors receive allocation —‘f—[

(as defined in (10)) the manager is informed but chooses

N
and realize expected (negative) payoff [E(7|mr < 13) — P N{lL, Otherwise,
if the manager is not informed, with probability (1 — A’(i’)), then the in-
formed investors participate and the allocation received by the uninformed
investors is T"JFL\, In this case, the expected (positive) payoff to Partici-
pants in the IPO is [E(7) — P]mqm. Of course, the weights A'(P) take
into account the manager’s disclosure strategy, that is, that disclosure oc-
curs for 7 > P.

Thus, as in equation (10), the nondisclosure IPO price Py,(ND) is set
such that the uninformed investors break even on average and is the solu-

tion to A(z) =0 (p = %), where A(z) is given by:

A(z)=A2)E(@|mr <z2)+ (1 —X(2))E(7) — z,
Ap Pr(m < z2)

1—A4+Ar0Pr(m <2)’

A solution exists since for z = my,;, we have A(myin) = E(T) — Tmin >
0, but on the other extreme for z= E(mw) we have A(E(7w)) =
(%)w(mn < E(r))— E(7)] <0 (A(-) is continuous).
Thus, there exists an inEerior solution for the IPO issue price following
nondisclosure such that P € (0, E(x)).

where A(z) = (A1)
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We show next that the solution is unique by establishing that at any solu-
tion z*, thatis, A(z*) = 0, the function A is decreasing and therefore there
can be only one such solution. It is useful to note that (where we denote
F(z) = P(r <2) and F(2) =1 —F(2)),"®

1 Tmax __ _

E(m|lr <z) = —— E(T[)—/ F(x)dx — zF(z) |. (A2)
F(z) z

It is useful to define ¥ (z) using expression (Al) toyield the right hand side

of equation (10):

U(z2)=AR)+z=A22)E(@|m <z)+ (1 —X(2))E(T). (A3)

Thus, the solution z* satisfies A(z") =0 < V(z*) = z*. To establish
uniqueness, we show that at any solution z* the function W(z) satisfies
%h:z* = 0 and as a result %|z=z* = —1 < 0. That is, at any solution z* that
satisfies A(z*) = 0 the derivative of this function is negative and therefore
there can only exist one such solution.

To show that indeed "a—f |.=.» = 0, we use the above expression in (A2) for
the conditional expectation E (7|m < z) to rewrite (A3),

W (z) = ﬂ]i(mn <2 +— " E(n)
T 1= A+ ApF(2) - 1 — A+ AoF(z)
(L= A+rp)E(m) —ap [[7™ F(x)dx + zF(2)]

1 — A+ AoF(z)

The derivative can now be explicitly derived as (where the density function

is f(2) =F'(2)),

WE /e .
P per ey R G
This implies that
V() =2t o 8‘-1;(z) — 0. (Ad)
z z=2z*

Now that we have established uniqueness of the solution for the equilib-
rium IPO issue price following nondisclosure, z*, we show that this price
is decreasing in the mass of informed investors, or that %—; < 0 (where

p= %) It follows from (A4) that %L:Z* < 0 and from the definition

of A(z) that 3 = %[E(mn <2) —z] <0, where A(z) = %
Thus, it follows from the Implicit Function Theorem that B
dz* oA [ A
=——/ — < 0. (AD)
ap ap 02 |,

18 This follows from E () = f,° F(x)dx, and since E(7|mr < z) = [(°Pr(r = x|7 < 2)dx =
7 Jo F(x) = F(2))dx.
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Recall, PP is the solution for the case p = 1, thus, any local increase in
p € (1, 2) leads to a lower IPO issue price. O

Proof. Proposition 1 (Propensity to Disclose). While still considering

the functlon W (.) from above, this follows from %— <0, ¢ az 0, %‘i’ =
PO [p(E(r|n < 2) —2) — (E(m) —2)] <0 (since % >0 and E(7) >
z 1n equlhbrlum) and "f]' =0. O

Proof. Corollary 1 (Underpricing). This follows from Proposition 1 and
the property that is stated in Lemma A.l1 given below. In particular, the
expected level of underpricing following nondisclosure w is in-
creasing in the mass of informed investors N; or equivalently in p since
the expected price following nondisclosure E(P"*(ND)) is decreasing in
the disclosure cutoff P for P < P!’ (Lemma A.1), while the disclosure cut-
off P is decreasing in p (Proposition 1). That is, an increase in p leads
to an increase in the ratio w, that is, a higher expected level of
underpricing. Finally, the unconditional expected level of underpricing is
given by: E(y) = (1 -2+ APr(r < f)))E(y|ND). Thus, as A — 0 the so-
lution P — E(w) and E(y|ND) = 0; and as A — 1 the solution P — Ty,
and (1 — A +APr(7r < P)) — 0. O

LEMMA A.l. The expected market price following nondisclosure for a given
disclosure culoff z, that is given by E(w|ND,z) =X (z)E(zw|ln <z)+ (1—
M (z))E(w), where M (z) = wﬁ (see equation (11)), is minimized at the
solution of the benchmark case z = P that satisfies z = E(w|ND, z) (cf. (7)).

Proof of Lemma. The right hand side of equation (11) for a given disclo-
sure cutoff z can be written as in (A6)
E(m) — A [T F(2)dz + zF(z)]

1 —AF(2)

The above follows from (A2), that is, that E(mw|m <z) = f(z> [E(m) —
fzn"““ F(z)dz — zF(z)], and since A/ (z) = IM;;Z()) It follows from (A6) that
E(7|ND, z) is minimized (i.e., dZE(7T|ND z) = 0) at the point that equa-
tion (7) is satisfied. In particular, expanding the first order condition im-
plies that

E(n|ND, z) =

(A6)

E(m) — A [ [T F(z)dz + 2F (2) ]
1 — AF(z) ’
Thus, we conclude that the expected market price following nondisclosure

for a given disclosure cutoff z is decreasing at first to obtain a minimum at
the point of optimum P/, O

ad
—E(@|ND,z) =0 z=
0z

Proof (Equilibrium Endogenous Mass of Informed Investors). To show
that there exists such a cutoff, consider the function Y defined in
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equation (12). First note that, for N; = 0 (or cutoffP(O) = Py, Ny; = N,
and hence the potential profits from informed trading upon entry of an
informed trader are positive:

T(N; = 0) = %(1 —2) (E(x) = P") > 0.

On the other extreme, at the limit N; — ¢, the potential profits from in-
formed trading upon entry of an informed trader are given by

TN, =q) = %(1 — M) (E(n) — P(q)) — 8g.

Itis useful to express Y slightly differently by taking into account the fact
that the price P(Ny) is set such that the uninformed investors break even
on their investment in equilibrium, that is,

%(1 — W) (E(r) — P(N))

APr(w < P(N))(P(N)) — E(z|m < P(N)))).

_ q
N — N
We can write Y as

TN = qN APr(z < P(N))(P(N)) — E(zlw < P(N)))) — 8N;. (A7)
- I
It follows that, at the limit N; — ¢,

TN =) = L0 Prlr = P (Plg) = EGrlr < Plg)) = b,

To establish the lower bound on the cost of acquiring information pa-
rameter § for which Y (N; = ¢) < 0, we show that the expression Pr(m <
z)(z— E(m|m < z)) is increasing in z € (Tmin, Tmax) Or that the following
derivative is positive:
0(F(2)(z — E(rr|m < 2)))
0z

AE(m|m < z)

= [(2)(z— E(r|m < 2)) + F(z) [1 "

} . (A8)

This is shown by substituting the equality % = ‘% (z— E(m|mr < 2))
in (A8) to conclude that
d(Pr(m < P) (P~ E(n|n < P)))
P
Due to this monotonicity (and that P < E(n)), a sufficient condition for
T (N; = q) < 0is that the value of § exceeds the following lower bound:

=F(P) > 0. (A9)

§>8= %)\Pr(n < E(m)) (E(n) — E(zlm < E(w)).  (A10)

Thus, it follows from the Intermediate Value Theorem that there exists a so-
lution Ny to the equation Y (N;) = 0. Notice, in our definition of the lower
bound § we have divided by ¢ and not by N — ¢. This stricter requirement
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on the value of § (as N — ¢ > ¢) is required to establish uniqueness of the
solution N} or, in particular, that %T(N[) < 0 at the optimum.
Using (A7), we obtain

A __q WP =PP-E@m<h) L
ONy  N-N ap Ny
q A A A
— 1 [APr(x < P)(P-E <P))]1-s.
TNy MG < P (P EGrim < P))
By using the result in (A9), we can simplify (A1l)
Gh'g q . 9P
[ AF(P) —
3N[ N—N[ 3N[
q A N A~
— 1 [APr(mr < P)(P—E <P)1-5 (Al
o Nz AP = P (|l = P))] (A12)

As the IPO issue price 13(1\71) is decreasing in the relative mass of in-

formed investors or aa_C, < 0 (see Proposition 1), a sufficient condition

for the derivative in (All) to be negative at the optimum, that is, for

%)N[:W <0, is that b [MPr(w < P) (P~ E(xlw < P))] =8 <0 for

the optimal N;. Using again the monotonicity shown in (A9), it follows
that

q

m[m(n <P)(P - E(n|m < P))]

<% (APr(m < E(7)) (E(7) — E(rlr < E(7)))].  (Al3)

Thus, one can conclude that for § > § we obtain that at the optimum
g—z[ < 0 and therefore there exists a unique equilibrium interior mass
Nl Ny =Ny

of informed investors N} O

2P
N )
tablish the comparative statics it suffices to show that % <0, 3{,—’;’ > 0, and
% < 0. We use the Implicit Function Theorem and the result established

above that 2L < 0for § > 5. Notice that
ANy N=N}

Proof. Corollary 2 (Propensity to Disclose). Since < 0, in order to es-

or N <0 or 1(1 M (E () — P(N;)) > 0, and

=N <0, —=—(1— Ty — > 0, an

95 =0y TN ! .

9T q . q IP(N))

IN _ﬁ(l — M) (E(m) — P(N)) — m(l —A)— <0
The latter result follows since the IPO issue price is decreasing in the frac-
tion of informed investors given by %, that is, % > 0. This implies that
Y oY aY Y aY 97T N, oY oY
e 0, =) S0 and—t=———/—— <0

aé a8 " ON; dq dqg 0N, oN IN" ON;
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Proof. Corollary 3 (Underpricing). Follows directly from Corollary 1 and
the proof of Corollary 2. O
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