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Abstract

The empirical evidence on initial returns in@B reveals average overpricing as well as under-
pricing, depending on the type of security offered for sale. Consistent with this evidence, the present
paper develops a model in which an IPO may be overpriced in equilibrium relative to its expected
(or average) aftermarket price. Overpricing disappears, however, once the offer price is compared
to a ‘float-weighted’ expectation, where the weights are given by the extent to which the number
of securities that are floated in the offering (at the posted price) is positively related to the demand
for allocations. Empirically, thenodel implies that equally-weighte@turns underestimate initial
returns in IPOs, and hence that inferences based on equally-weighted returns may be misleading.
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1. Introduction

The empirical evidence on initial returns in Initial Public Offerings (IPOs) reveals av-
erage overpricing as well as underpricing, depending on the type of security offered for
sale! However, while the underpricing phenomenon is relatively well understood, it is less

E-mail address: tore.leite@nhh.no.
1 See, e.g.Ritter (1998)for a review of the literature on undetging. With respect to overpricingiVang et
al. (1992)find overpricing (at the 5% level) in a sample of Real Estate Investment Trusts (REITs) LB@s. (
and Ryngaert (1997ocument underpricing in a more recent sample of REIT IPOs, and find this change to be
consistent with the adverse selection argument, and hence the present model.) More f2agatbt, al. (1997)
find overpricing (at the 1% level) in the case of IPOs of investment grade bonds and bonds issued by firms
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clear what generates overpricing. Indeed, why would rational investors want to buy secu-
rities that on average drop in price during their first day of trading? Is it possible that the

measurement of mispricing in previous work was somehow inappropriate, leading to the
wrong conclusion?

My goal in this paper is to address this question theoretically. Consistent with the em-
pirical evidence, | show that overpricing in the sense that the IPO, in equilibrium, is priced
above its expected (or average)eafharket value is indeed possiBlélowever, while the
expected aftermarket value of the IPO sdigus the benchmark that is assumed, at least
implicitly, in empirical investigations, its use requires that the size of the issue is unrelated
to the demand for allocations, which gerirés not the case. Instead, issuers typically
adjust the issue size according to theestat demand by floating a greater number of se-
curities (at the posted price) when the demand for allocations is highiis creates a
positive correlation between the supply of séiies in the offering and the demand for
allocations, and hence a positive correlatlietween the supply of securities and initial
returns. As as result, states with higher demand for allocations should be given greater
weights in return calculations than states with lower demand, suggesting that the expected
(or average) aftermarket value of the IPO security is inappropriate as benchmark whenever
the size of the issue is correlated with the demand for allocations.

Indeed, | show that even though an IPO nimeyoverpriced in equilibrium relative to
an equally-weighted average of aftermarketes, it can never be overpriced relative to a
‘float-weighted’ benchmark, where the weights are given by the extent to which the size of
the issue is increased relative to a pre-stated minimum. | thus ascribe the empirical evidence
on overpricing to the use of equally-weighted returns when float-weighted returns should
be used instead. On a more general level, the analysis implies that equally-weighted returns

listed on NYSE/AMEX.Peavy (1990)ind overpricing (at the 1% level) for IPOs of closed-end stock funds.
(Relatedly,Hanley et al. (1996jind no initial overpricing in the sample of IPOs of closed-end funds, but “sharp
price declines” once the initial price stabilization period has endddsgcarella (1988jinds overpricing (at the

10% level) in the case of MPL IPOs in some of his sub-samples. Finally, testing for adverse selection in IPOs
on the Tel Aviv Stock Exchangémihud et al. (2003¥ind evidence of negative excess returns for uninformed
investors.

2 There are other examples of overpricing in the literatureHughes and Thakor (1992hyopic issuers
knowingly float overpriced securities. However, in their model there is no overpriairegpectation, which
is what the empirical evidence on overpricing seems to suggest thereGhelmmanur (1993here may be
overpricing in expectation relative to ex-ante expedteg value (or the average value of firms coming to the
market). This definition of overpricing differs from the one employed here of overpricing relative to the ex-
ante expected (or averagaftermarket value of the securities that are floated in the IPO, which is consistent
with the empirical evidence of overpricing relative to the average aftermarket value of IPO securities. In any
case,Chemmanur (1993)oes not pursue the overpricing aspect af tmodel, and the type of overpricing that
obtains in his model does not generate type of empirical implications that are derived in the present paper (see
Appendix Bfor a closer comparison).

3 In firm commitment offerings this obtains from t@mmitment made by underwriters to absorb unsold
shares at the IPO stage, along with the use of the digreent option and the gerarstabilization activities
undertaken by underwriters (see, eAggarwal (2000) and Ellis et al. (199%r descriptions and analysis of
underwriters’ stabilization activities). In best effort @fings it obtains essentially by definition, since these are
sold with a prespecified minimum and maximum numberhaires. Not all fixed-price offerings across the world
are sold with a best effort feature though, as note&bgrman (2002)
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underestimate initial returns in IPOs, arai$ that inferences based on equally-weighted
returns may be misleading.

It is important to note here that it is not issue size per se that matters, but issue size
relative to some pre-stated minimum as reeeafor example, in the offering prospectus.
The idea is that investors, when computing expectations over allocations and aftermarket
values, will take into account éhpossibility that the numberf securities that are floated
in the offering will be higher in hot offerings than in cold ones. This leads to a higher
equilibrium offering price and, all else the same, less money on the table for investors.
However, for a given offering price, allowing the size of the issue to adjust to the demand
for allocations implies more money on the table for investors, since a strong demand for
allocations generally means high ex-post undeipg. When initial returns are calculated
by taking the percentage change from the initial offer price to the first closing price in the
aftermarket and then taking an equally-wegghaverage across the sample to arrive at the
sample mean, then this second effect is ignored and thus only the price effect is counted.
The result is that estimated returns will understate the returns that are available to investors,
and hence understate initial returns in IPOs.

The model is based on the adverse selection argumerRbok (1986) As such, un-
derpricing represents a compensation to the marginal investor in the offering for being
allocated a disproportionately small fraction of high-value issues relative to the fraction
of high-value issues in the pool of completed IPOs. By analogy, the condition for over-
pricing must be that the marginal investor in the offering is allocated a disproportionately
large fraction of high-value issues compared to the fraction of high-value issues in the
pool of completed IPOs. This is possible, but only if the number of completed offerings
is left unadjusted for the fact that the number of securities that are floated in the offering
is contingent on the state of the demand. Once this adjustment is made, the IPO is shown
unambiguously to be underpriced in equilibriuraJang as investors differ in the precision
of their information, consistent with the adverse selection argument.

Note that although the model is based on the adverse selection argument, its central in-
sight does not depend on the particular frinttbat is assumed for underpricing, and neither
does it depend on whether the IPO is sold as a fixed price offer or through book-building.
It will become clear, for example, that the book-building frameworkBehveniste and
Spindt (1989)will yield similar results as long as the underwriter is able to promise in-
vestors allocations in future issues in return for accepting overpriced securities in states
with weak demand. A good reason for using the adverse selection friction, however, is that
the empirical evidence on overpricing (as well as that on overpricing versus underpricing)
is typically interpreted in terms of adverse selection, and the present model is consistent
with this evidence.

The rest of the paper is organized as follov@&ction 2presents the basic model.
Section 3derives and examines the main resuiection 4discusses empirical impli-

4 The use of equally-weighted returns is very common in the literature. For example, all the IPO articles
referenced byRitter (1998)use equally-weighted returns. There are exceptions in the literature but these involve
the use of proceeds-weighted returns, which decrease estimated returns by increasing the relative weights of large
firms, which are less underpriced than small firms (se&ry and Schwert, 2002
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cations and relate them to the evidenSection 5concludes the paper. All proofs are in
Appendix A

2. Themodel
2.1. Thesetup

Consider the following three date setting. An issuer is selling unseasoned securities to
public investors in an initial public offering (IPO) on date 0. A market value for these
securities is established on date 1, and their true value is revealed on date 2. True value
(per security) is given byi; k = G, B; wherevg > vp > 0,k = G with probability«, and
k = B with probability 1— «. This gives an expected value BY = «vg + (1 —a)vg. An
issue will be referred to asgh-valueif k = G, andlow-valueif k = B. All agents are risk
neutral, and the riskless interest rate is zero.

There is one informed investof) and one less-informed investor (invesiorin the
offering. Each investor observes a costless private signal(s;, s&.}; i = 1, L about the
issue. The conditional probability G)j givenuy is denotedP(s,i | v). It is assumed that
Vi = P(sg lvg) = P(s;; | vg), Whereyy, yr > 1/2 andy; > y,. The latter inequality says
that the signal observed by investiois more precise than that observed by invedtor

The price in the aftermarket (date 1) is denotéd, .), and is determined as a func-
tion of the signals observed by investors. Specificaﬂys,f, s,{) represents the expected
true value of the IPO security given signals ands/. This implies thatV (s¢,s%) >
V(sE, 59 > v(sZ, sB) > v(sE, sB), whenever, > y.

The issuer has no private information in the offering. This assumption simplifies the
model without altering its main insights. The issuer determines the IPO price, defpted
before investors ask for allocations, and hence before their signals are revealed. Although
this resembles the fixed-price method, tlhsio argument applies &t book-building setting
as well, as discussed Bection 3.3

Itis assumed that an investor will request an allocation in the offering only after observ-
ing a positive signat. Hence, if both investors observe unfavorable signals, there is zero
demand and thus the issue is withdrawn. This specification implies that the IPO will fail
with a positive probability, which is the case in practfcEhis probability can, in any case,

5 This comes from an implicit assumption that the issuer prices the issue so that only investors with favorable
information will want to request allocations in it. Albugh we may imagine other pricing strategies, whose
optimality would depend on the issuer’s objective function (which is left unspecified in the present setting), such
as pricing the issue so that only the informed invesidirequest an allocation (upon observing a good signal),
the one considered here is the one that yields integestisults for the current purpose. In any case, if the issuer
maximizes a combination of her expected proceeds in the issue and the value of her remaining stake in the firm,
then the present pricing strategy can be shown to be optimal if the cost of a failed issue is sufficiently large, and
investors are not too different in the precision of their information.

6 For example Dunbar (1998)inds failure rates (for firm commitment offerings and best effort offerings
combined) to be around 30%Benveniste et al. (2001Jetect a failure rate (for firm commitment offerings) of
14%, which they find is large enough to affect the sign a#f as the significance of their parameter estimates.
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be made arbitrarily small by letting a sufficiently large number of investors participate in
the offering.

Each investor requests either one security in the offering{‘(h‘: siG), or none (if
sk = sB). The total number of securities requested is therefore zero (and the offering is
withdrawn), one (in théow-demand state where only one investor obtains a positive sig-
nal), or two (in thehigh-demand state where both investors obtain positive signals). The
issuer seeks to float at least one security in the offering, but may float as many as 1
wherea € [0, 1). In the low-demand states only one security is requested, so only one
security is floated. In the high-demand state, the issuer responds to the greater demand
by selling 1+ a securities at the posted price, and allocdtes- a)/2 securities to each
investor! Thus,a > 0 implies that the supply of securities in the offering is positively re-
lated to the demand for allocatiofsinda < 1 ensures that the issue is rationed in the

high-demand state.
2.2. ThelPO price

As noted, the issue is priced so that only investors with favorable information ask for
allocations. The signal observed by invesiois less precise than that observed by in-
vestor/. This implies that investoL is allocated a disproportionately large fraction of
low-value issues compared to invesigand hence that investdris the marginal investor
in the offering (more on this below).

The offering is priced from investat’s participation constraint

1
Plsg [s6)[V(56-53) = Po] + 52+ @) P(sg | 56)[V (56, 56) — Po] =0 (1)

whereP(s] | s5) denotes the probability of conditional onsj = s%. Solving (1) with
respect to the IPO price gives

P(sg | s6)V (56 55) + 3+ @) P(s | s6) V(6. 56)
P(sl{3 sé) + %(1+a)P(sé | sé)

The right-hand side of2) represents the expected afterkervalue of the IPO security,

conditioned onrkL = s(L; and adjusted for the expected amount of rationing facing the mar-

ginal investor.

It will be convenient to express the IPO price in terms of the true value of the IPO
security rather than its aftermest value. By Bayes’ Rule we have

Po= ()

Po=oarvg + (1—ap)vp, (3

7 An alternative interpretation is that the issuer sellsdlshares in the offering witthe underwriter absorbing
a shares in the event of low demand. | am grateful to an anonymous referee for pointing out the relevance to the
present argument of the commitment of the underwritdirm commitment offerings to absorb unsold shares.

8 As noted in the introduction, this is the case in bestréf by the fact that these are sold with a pre-stated
maximum and minimum quantity of securities to be sal in firm commitment offerings through the use of the
over-allotment option, the commitment by underwriterabsorb usold shares, alongthvgeneral stabilization
activities.



364 T. Leite/ Journal of Financial Intermediation 13 (2004) 359-377

where

= 2-(Q-a)ylyLa @
2-A-ayilyra+[1+y1+al—ypl1-y)1—-)
represents the fraction of high-value issirethe pool of securities allocated to invesfor
In other wordsg; represents the probability from the perspective of investof being
allocated a high-value issue. It is straightfard to show that theorrespondingrobability
for investor! is greater (since; > yr. ), which makes investat the marginal investor in
the offering?

3. Overpricing and underpricing

To determine whether the IPO is oveiqad or underpriced in equilibrium, we need a
benchmark against which to compare theeoffirice. There are two benchmarks of rele-
vance. The first is the expected aftermarkaiue of the IPO security, which | will refer
to as theequally-weighted benchmark. This is the benchmark that is assumed, at least
implicitly, in empirical investigations when the average initial return is calculated as an
equally-weighted average across the sample dlternative benchmark, which | will re-
fer to as thdloat-weighted benchmark, is given by the expected aftermarket value of the
IPO security, with the probability of each state adjusted by the relative size of the issue for
that state’® That is, the probability distribution over aftermarket value is adjusted for the
relative number of securities floated in each state.

3.1. The equally-weighted benchmark

The equally-weighted benchmark is given by the expected aftermarket value of the IPO
security, as follows:

o PEEShVGhsh) + Pk sV sk sl) + PO sHVEsE)
- P8 sh) + P(sh) + POES) |

whereP (s}, s}); k = G, B denotes the joint probability of signai$ ands;. The expec-
tation v represents the expected true value of the IPO security, conditional on the offering
being completed successfully. Using Bayes’ Rule, the expressianfay be written

v=ayvg + (1 —oy)vp, (6)

9 Since the probabilit)P(sé | sé) from investor/’s perspective of the high-demand state occurring is larger
than the corresponding probabilifg/(sé | sé) of investorL only if « > 1/2, it is not all that obvious that investor
L should be the marginal investor in the offering. However, the securities that are allocated to ifviestioe
low-demand state are less overpriced than those allocated to indgsidrich in turn ensures that investbris
allocated a disproportionately large fractiof low value issues compared to investor
10 1 earlier versions of the paper, | referred to this benchmagtlasation-weighted. | am grateful to Jeffrey
Waurgler for suggesting the more appropriate télioat-weighted.
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where
_ (vi +yL —vivL)w
Qy = (7)
i +yL—vivoe+Q—yryL)(1—a)

represents the fraction of high-value issues in the pool of completed offéfifige offer-
ing is now overpriced (or else underpriced) relativaitid Pop > v, and hence it > oy .
Thus, the offering is overpriced in equilibrium relative @df the fraction of high-value
issues in the pool of securities that are allocated to invdsttceeds the fraction of high-
value issues in the pool of completed IPOs.

Since Py is increasing irz, while the equally-weighted benchmarks unrelated taz,
it is clear that the offering will be overpriced relativeidor sufficiently largea. It is less
clear, however, that there will be overpricing relativetfor « < 1, in which case the issue
is rationed in the high-demand state. Thisndeed the interestqncase, and henceforth
| refer to overpricing as a situation under whigh> v fora < 1.

Proposition 1. There exists a critical value for the issuer’s demand response parameter,
a, such that the IPO will be overpriced relative to the equally-weighted benchmark v if a
exceedsthis critical value, and will be underpriced otherwise.

Thecritical value of a has the following properties:

(i) it equals zero if the precision in the signals observed by investorsis equal (i.e., y; =
YL),

(ii) it is gtrictly greater than one if either the signal observed by the informed investor
is without noise (y; = 1), or the signal observed by the less-informed investor is
uninformative (y; = 1/2),

(iii) itisdecreasinginthe precision y; of the signal observed by theinformed investor, and
increasing intheprecision y;, inthesignal observed by theless-informed investor, and

(iv) itliesintheinterval [0, 1) for y; and y;, sufficiently close.

The proposition establishes that overprgirelative to the equally-weighted bench-
mark v is possible. In fact, it shows that if investors are homogeneous in the precision
of their information, in which case there is no adverse selection, then the offering will be
strictly overpriced in equilibrium for any > 0. Furthermore, it shows that overpricing
is less likely to arise the more investors differ in the precision of their information, and
hence the more extensive is the adverse selection problem facing the marginal investor.
Indeed, overpricing does not obtain if investors are sufficiently different in the precision
in their signals, and hence if the adverse selection problem facing the marginal investor is
sufficiently severe.

Intuitively, overpricing in the sense éfroposition lobtains when the fractioa;, of
high-value issues in the pool of securities alited to the less-informed investor exceeds
the fractiona, of high-value issues in the pool of completed IPOs. That is, overpricing
in the sense oProposition larises when the less-informéu/estor is allocated a dispro-
portionately large fraction of high-value issues relative to the fraction of high-value issues

11 Note thate, > o and hence that > Ev.
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in the pool of completed IPOs. The problem with this comparison, however, is that while
«y is adjusted for the possibility that a greater number of securities will be floated when
the demand for allocations is highey, is not. Hence, the comparison betwegnande,

is not appropriate unless= 0, and thus using as benchmark is not appropriate unless

a = 0. In the next section, | consider a float-weighted benchmark which specifically allows
a>0.

3.2. The float-weighted benchmark

If a > 0, then the equally-weighted benchmarkinderstates the true expected after-
market value of the IPO security by understgtthe true probability of drawing a security
from the high-demand state, and thus undéirggethe true probaibty of drawing a high-
value issue from the pool of completed IPOs. The following float-weighted benchmark
avoids this problem. It is given by

P(shs5)V (5. 5h) + P(shsh)V (s 5b) + A+ @) P(sh, sh)V (st 5b)
P(sE-35) + P(sh-s) + L+ ) PsE. o5) '

a =

(8)
The expression fob, may be written in terms of true value as follows:
Vg = ayaVG + (L — otya)vp, (9)
where
(yi+yL— Q—a)yryoa
. yr+v Yiy (10)

(vi+ye—A-a)yrypa+Q—yryp+al—y)A—y))l-a)’
which represents the fraction of high-velissues among the securities in the pool of com-
pleted IPOs. From the earlier discussion, it is clear that> «,, and hence thai, > v.

The inequalities are strict faer > 0.

The offering is underpriced relative &, if Py < v,, and hence ifxy < ay,. In other
words, the offering is underpriced relativeig if the fraction of high-value issues among
the securities that are allocated to the less-informed investor is less than the fraction of
high-value issues among the securities in the pool of completed IPOs.

Proposition 2. The IPO is strictly underpriced in equilibriumrel ative to the float-weighted
benchmark v, whenever investors differ in the precision of their information. Otherwise,
i.e. if investors are homogeneous in the precision of their information, the IPO is priced
equal to the float-weighted benchmark.

Thus, the IPO can never be overpriced in equilibrium relative to the float-weighted
benchmark, and will be strictly underpriced relative to this benchmark if investors differ
in the precision of their signals. In other words, the IPO will be strictly underpriced in
equilibrium in the presence of adverse selection. This result redRatels (1986)for a
setting in which the size of the issue may be correlated with the demand for allockions.

12 seeAppendix Bfor a closer comparison ock (1986)
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3.3. Theamount of money left on the table

Propositions 1 and are derived by comparing the IPO pri€g to the two benchmarks
v andy,. It will be useful to take a second lo@k the two propositions by looking at two
alternative expressions for the expected amount of money left on the table in the offering
(or the expected rent captured by investors). Consider first the expression for this rent if we
incorrectly assume that= 0:

U = P(s.sp)[V (s 58) = Pol + Pls5.56)[V (55, 5) = Po]
+ P(s&.s6) [V (s&.s&) — Pol. (11)

which clearly understates the expected amount left on the table . Indeed, consistent
with Proposition 1collecting terms and rearranging, it is immediate tiat O iff v > Py,
and thatU < 0 iff v < Pg. Thus, overpricing in the sense Bfoposition Iimplies negative
expected rents to investors, which is unreasonable.

Consider therefore the expression for the expected rent earned by investors when allow-
ing for the possibility that: > 0:

Ua = P(sG5)[V (56 58) = Po] + P(sg5. 56)[V (55 56) = Po]
+ A+ a)P(s&. )V (s&. sG) — Po). (12)

Collecting terms and rearranging, it is immediate thgt> 0 iff v, > Po. Thus, the ex-
pected amount of money left on the table in the IPO is positive if and only if the offering is
underpriced in equilibrium in the senseRxrfoposition 212 This is a reasonable result and
suggests thai, is indeed the appropriate benchmark.

Note that although | have used the adverse selection friction to generate underpricing,
the central insight of the paper, namely that equally-weighted returns underestimate the
returns available to investors and in the extreme may give overpricing, goes beyond adverse
selection. This is seen by noticing that overpricing in the sens&raposition lrequires
that U < 0, which in turn requires that the issue, ex-post, is overpriced in at least one
state. In the present setting, this occurs in the low-demand state where only one of the two
investors requests shares in the offering. In the book-building framewoBe¥eniste
and Spindt (19893tate-by-state overpricing, and herm@rpricing relative to an equally-
weighted benchmark, requires that the inwestt banker is able to promise allocations in
future issues in return for accmy overpriced shares in states with weak demand. In other
words, it requires a multiperiod model.

Finally, how does the amount of money left on the table in the IPO respond to a change
in a? That is, does allowing > 0 increase or decrease underpricing? There are two op-
posing effects. An increase inincreases the IPO price and thus decreases the amount of

13 Note that investoL earns no rent in the offering and thus tli&t represents the informational rent captured
by investor!. To see this, note that the rent earned by investisrgiven by

1+
S P56 56V (s6.56) = Po)

which can be shown to be identical &, if the offering is priced along the participation constraint of invedtor

P(s5:56)[V (55-56) — Pol +
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money that is left on the table in the offering. On the other hand, an increasal$o im-
plies that the issuer must sell more shares étigh-demand state, and this increases the
amount of money left on the table. It is not immediate which of these two effects dominate.

Lemma 1. The expected amount of money that is left on the table in the offering, U,, is
decreasing in the issuer’s demand response parameter a, if P(s& | sL) < P(sL 1sE) (e,
if o < 1/2), andincreasingina if P(s5 | sb) > P(sk 1s&) (e, ifa > 1/2).

Recall thatU, represents the informational rent that is captured by investdoot-
note 13. Assume thaiP (s& | s2) < P(sL | sL) (and hence that < 1/2). This inequality
implies that the (relevant) probability from investds perspective of ending up in the
high-demand state is less than tw@mresponding prolimlity of investor L, and thus that
investor L will exhibit a greater willingness to sutitite a higher IPO price for a greater
allocation in the high-demand state. Since the IPO is priced from the participation con-
straint of investorL, an increase i will reduce the rent going to investdrand hence
reduce the amount of money that is left on the table.

Ritter (1987)suggests that allowing the size of the issue to be increased in the event of
high demand ameliorates the adverse selection problem in IPOs and thus decreases under-
pricing, by increasing the IPO priceemma lextends this insight by showing that there
is also a cost involved, and that this cost may outweigh the be@éfitwdry and Nanda
(1996)study ex-post stabilization activities by umdeiters, showing that stabilization re-
duces the adverse selection problem facingfonimed investors and thereby increases the
proceeds that can be raised in the offeriognma lindicates, in contrast, that stabilization
may not be all favorable. Indeed, associating a lowevith greater ex-ante uncertainty,
the lemma implies that riskier issues will benefit from stabilization, while safer issues will
be hurt by it

4. Empirical implicationsand evidence
4.1. Averageinitial returns

The theoretical analysis implies an equally-weighted initial return equat %o
v/ Po— 1, and a float-weighted initial equal i = v,/ Po — 1. | now consider their empir-
ical counterparts.

The equally-weighted average typically used in empirical investigations is the follow-
ing:

p=S i (13)

14 There is some evidence in suppdithis contention. Specificallydansen et al. (1987nd that riskier issues
are more likely to be floated using an over-allotment option.
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wheren is the sample size and is the return on theéth offering, computed as the per-

centage change from the initial offer price to the first closing price in the aftermarket. The

present argument suggests thainderestimates actual IPO returns, since it ignores the

possibility that the issue size is positively correlated with the demand for allocations.
Consider therefore the folldng float-weighted average:

A+ aj)ri (14)

Fg =

whereaq; is the percentage change in the number of securities that are floated relative to
a pre-stated minimurt® The present model implies that the float-weighted average
positive Proposition 2, while the equally-weighted averagenay be positive or negative
depending on parameter valu€sgposition }.

And it implies thatr gives biased estimates for initial returns in IPOs, whjléoes not.

This bias may depend on the type of offering method that is used, the type of security that
is floated, and on the particular time period that is considered. With respect to the latter,
it is likely that equally-weighted returns ardagvely accurate in hot issue periods, since
during these periods the over-allotment option is generally fully exercised, and few (if any)
offerings are under-subscribed.

A well-known implication of the adverse selection argument is that returns weighted by
the probability of obtaining an allocation in téering should be zero for the marginal (or
uninformed) investort® The present analysis complements this implication by suggesting
that returns should also be weighted by the extent to which the size of the issue correlates
with investors’ demand for allocations. Thus, to appropriately test the Rock prediction of
zero (excess) returns for the uninformeddstor, probability-weighted returns should be
generated from float-weighted returns rather than from equally-weighted returns.

4.2. Ex-ante uncertainty

A well-known implication of the adverse s&ltion argument is that greater ex-ante un-
certainty will increase the adrae selection problem facing the marginal investor, and thus
increase underpricing (s&eatty and Ritter, 1986 A common inference from this impli-
cation is that overpricing is more likely the lower is ex-ante uncertdihtyowever, this
inference is inconsistent with the present model, as shown next.

15 pepending on how one defines this minimummay be negative if the investment banker ends up absorbing
unsold securities.

16 |ndeed, as noted birock (1986) and recently quoted bfmihud et al. (2003)“weighting the returns by
the probabilities of obtaining an allocation should leave Whinformed investor earning the riskless rate.”

17 For exampleWang et al. (1992predict that “given a higher level afncertainty [in REIT IPOs compared
to industrial firm IPOs] and existing IPO theories, weght expect REIT IPOs to be significantly underpriced.”
Commenting on their findings of overpricing for investnt-grade bonds and underpricing for low-grade bonds,
Datta et al. (1997hote that “this finding is also consistent wileatty and Ritter's (198@)roposition on ex-ante
uncertainty.” Finally,Ling and Ryngaert (1997bserve that “UndeRock (1986).. this increased uncertainty
could result in higher initial-day returns for recent REIT IPOs compared to their predecessors.”
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Proposition 3. The equally-weighted return 7 = v/ Py — 1 isincreasing in ex-ante uncer-
tainty for issues that are underpriced in equilibrium, and decreasing in ex-ante uncertainty
for issues that are overpriced in equilibrium.

Proposition 3s consistent with the evidence. In particudfang et al. (1992jind the
amount of overpricing in their sample of REIT IPOs to be increasing in proxies for ex-
ante uncertainty, whil®eatty and Ritter (1986nd others document a positive relation
between ex-ante uncertainty and the amount of underpricing in common stock IPOs.

Datta et al. (1997jnd overpricing in IPOs of investment-grade corporate bonds and un-
derpricing in junk-grade bondBroposition Jpredicts a positive relation between ex-ante
uncertainty and overpricing in investment-grade bonds, and similarly a positive relation
between ex-ante uncertainty and underpricing in junk-grade bonds.

The next result considers the relation weeen ex-ante uncertainty and the float-
weighted initial return.

Proposition 4. The float-weighted return , = v,/ Po — 1 isincreasing in ex-ante uncer-
tainty.

In other words, underpricing generated from float-weighted returns is increasing in
ex-ante uncertainty. This result is consistent with the well-known comparative statics im-
plication of the adverse selgan argument as identified bBeatty and Ritter (1986)
Empirically, it implies that the positive relation between overpricing and ex-uncertainty
in the REIT sample oWang et al. (1992)vill switch to a positive relation between under-
pricing and ex-ante uncertainty once their analysis is based on float-weighted returns.

4.3. Adverse selection

Proposition limplies that overpricing is more likely the more homogeneous are in-
vestors. This is consistent with the finding D&tta et al. (1997pf overpricing in IPOs
of high-grade bonds (where investor heterogeneity is low) and underpricing in IPOs of
junk-grade bonds (where investor hetgeneity is higher). Other evidencelang et al.’s
(1992)finding of overpricing in REIT IPOs, anding and Ryngaert’s (1997)nding of
underpricing in a more recent sample of REIT IPOs.

Ling and Ryngaert ascribe this switch frawerpricing to underpricing in more recent
REIT IPOs to an increase in adverse selectisk arising from greater valuation uncer-
tainty and higher institutional participation. While the present model is consistent with
their hypothesis, it is also able to account for the overpricing evidend&/aofg et al.
(1992) suggesting (b¥Propositions 1 and)3hat the switch from overpricing to underpric-
ing in more recent REIT IPOs should be ascribed to greater investor heterogeneity rather
than greater uncertainty. This implication also applieBadta et al.'s (1997finding of un-
derpricing in speculative-grade bonds and overpricing in investment-grade bonds; that is,
the reason for overpricing in investment-desissues is not because they are less risky than
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speculative-grade issues, but because investors in high-grade issues are less heterogeneous
than investors in speculative-grade isstfes.

Michaely and Shaw (1994)nd zero excess returns in MLP IPOs, which they interpret
consistent with the adverse selection argument on account of an absence of institutional
investors in these types of issues, and thus an absence of adverse selection. However, since
their evidence is based on equally-weighted returns, it is not clear that MLP IPOs are not
underpriced and thus it is not clear that there is no adverse selection in these types of IPOs.
More generally, the present argument suggests that it may be inappropriate to conclude an
absence of pricing frictions based on equally-weighted returns since these underestimate
actual IPO returns.

5. Concluding remarks

Average initial returns used in empirical IPO research are typically equally-weighted.
The use of equally-weighted returns, however, implicitly assumes that the size of the issue
is unrelated to the demand for allocations, evhis not generally the case in practice. In-
deed, issuers typically adjutte offering size to the state of demand by floating a greater
number of securities at the posted price when the demand for allocations is higher. This
creates a positive correlation between the sizh®issue and the demand for allocations,
and thus a positive correlation between the size of the issue and initial returns. The resultis
that equally-weighted returns underestimate actual IPO returns, and thus inferences based
on equally-weighted returns may be misleading.

This potentially has implications for comparisons across offering methods (best efforts
versus firm commitments versus auctions), time periods, countries, and security types.
Indeed, the paper shows that while an IPO may be overpriced in equilibrium based on
equally-weighted returns, it can never be overpriced based on float-weighted returns, where
weights are given by the extent to which the number of securities in the offering is increased
relative to a pre-stated minimum. As such, the paper offers an explanation for the puzzling
evidence of overpricing in some types of IPOs.

To generate underpricing, | used the winner’s curse argumeRbok (1986) where
underpricing is necessary to compensate uniét investors for being allocated a dispro-
portionately large fraction of low-value issues. A well-known empirical implication of the
winner’s curse argument is that average returns to uninformed investors should be zero if
properly weighted by the probability of obtaining an allocation in the offering. The present
argument complements this adjustment, suggesting that to appropriately test the winner’s
curse prediction of zero probability-weighted returns to uninformed investors, probability-
weighted estimates should be based on float-weighted rather than equally-weighted returns.

An empirical implication of the model is thateater ex-ante uncertainty is associated
with greater overpricing (based on equally-gletied returns). This prediction complements

18 |ndeed, this is consistent with Datta et al.’s observatiat the investors in the two bond classes are different:
“Conversations with investment bankers indicatet tive markets for investment grade and junk grade bonds
are segmented. where investment houses employ differeates forces for the two broad classes of bonds
Investment grade issues are sold exclusively on bondy#iinvestors who are interested primarily in safety of
the principal and not in appreciation in price. On thesnthand, not unlike equity offerings, junk grade issues are
sold based on stories that relate to future prospects of the firms.”
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the well-known implication of the adverse selection argument of a positive correlation
between the amount of underpricing and ex-ante uncertainty, and it is consistent with the
(puzzling) evidence ofVang et al. (1992)An untested implication of the model is that
the amount of underpricing based on float-weighted returns is positively correlated with
ex-ante uncertainty.

The central insight of the paper is that etjypraveighted initial returns underestimate
the returns available to investors in IPOs, and that the type of float-weighted initial returns
introduced in the present paper do not. This result is independent of the particular friction
assumed for underpricing, and hence independent of whether the issue is sold as a fixed-
price offer or using book-building. Future empirical work may determine whether the bias
associated with the use of equally-weighted returns rather than float-weighted returns is
large enough to matter, and whether it can explain the evidence of average overpricing in
some types of IPOs.
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Appendix A. Proofs

Proof of Proposition 1. Let a* denote the critical value af above whichN Py > v. To
derive the expression far*, note that the offering is overpriced (underpriced) relative to
if «r > (<) ay. Setting up this inequality and rearranging gives

2-A-ay)A—yivoye > (<) i +yve —vive) A+ yi +ad—yp)) A —yo).
Rearranging further gives
«_ viQ+yD) =2yiyilyr —ve) —vi(l+yr)

2y1yLR—yr—y) —vid—y) —ye(d—yL)
Consider then the four properties stateddor
(i) y =v1 =y gives

0
a* = =0;
2y(1-y)2y -1

(i) yy = 1 gives

a>a

e 2+y2 -3y _2-n
ve(1—yL) YL

> 1,
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(iib) yr = 1/2 gives
«_ viQ+y)=3/4-yi1-1/2)

a = =
vi(3/2—y) —yi(l—yr) —1/4
(i) Taking the derivative with respect tg, yields

s

da* 2@y =V +rvP+2vfvf = 2vfve = 2nivD)
IyL yiQ—yD)+ye—yr) =21y —yr — y)1?
which is negative if

vi+vE+2vfvE = 2vfve + vy,

orif

vi+vE=2vve(vi +ve — vy
This inequality holds if

() vi+vE=2pye and (i) yi4+ve—yeyi <1

To see that (i) is satisfied, note that singet y? > y? + y2, so thatify? + y2 > 2y1y1,
then clearly (i) must hold as well. To see thz;?(+ yLZ > 2yryL is satisfied, note that it is
equivalent to;/l,2 = 2yryL + yLZ > 0 and hence toy; — y)2.

Now to see that (i) is satisfied, note that it can be rearrangegd(tb— ;) <1 -y,
which is satisfied sincg; < 1.

Consider then

da* 2y — Dy +vE+2vivE—2vive — 2viv})
dyr  viA—yD+veQ—yr) —2yive—yr —y)1?

which is positive ify, + y2 +2y2y2 = yi + y2 +2y2y2 orif yo(1—yr) > yi(L—yp).
This latter inequality is satisfied singe > y; > 1/2 and sincey; (1 — y;); i =1, L is
maximized at; = 1/2.

(iv) Property (iv) follows from (i), (ii), and (iii). O

Proof of Proposition 2. Pg < v, iff ap < oy,, Wwhere we recall that

[2—-A—-a)yrlyLa
22— AQ—-a)yilyra+[1+yr+al—y)]1A—yr)(1—a)

oy =

and
_ i +yve—Q=a)yryo)a
vi+ye—Q—ayivDa+A—yiyp+al—y)A—y))A—a)

To see thaty;, = oy, (and hence thaly = v,) for y; =y, lety =y = y; and note that
this yields

Aya

[2-1—-a)ylya
2-A—-a)ylya+[1+y+al—IA-y)A—a)

ol =Qyg =
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To see thaty;, < ay, if v < vy, note that it is sufficient for this inequality to be satisfied if

[2—A—-a)yrlye > (vi+ve — A= a)yiye)
and

[1+yr+a@Q—yD]A—yr) < (1= yive +a—y)(1—yp)
are both satisfied. Straightforward manipulation shows that they are so lopg as
yi. O

Proof of Lemma 1. DifferentiatingU, with respect ta: gives

aU, 1 1+a d Py
= Pk |GV ) = Pl [P 5b) + T3 PGk | 5b) |
where
9Py _ 5P (56 |s6) P (i | 56)[V (6. 56) = V(56 55)]
da [P(sh | 5E) + 2P (st | s6)]°
It can now be shown thatU,, /da > O if
P(s | ) P(sg | s6)

P(s [ 56) + B2 P(sg [56)  P(sk|s6) + 5 P(sG | s6)

which is satisfied itP (s& | sL) > P(sL 1 s5).
To see thaP (s5 | s5) > P(st | s&) if a > 1/2, note that

P(s. 55) P(sg-55)

P(s¢) P(sg)
SOP(ss |sb) > P(sk sk iff P(sL) < P(sk). Finally, noting thatP (s%) = yya + (1 —
yD(L—e)andP(s5) = yra+ (L— y)(1— ), it follows that P(s& | s5) > P(sk | sE)
ife>1/2. O

P(sh | ) = and (st |s5) =

Proof of Proposition 3. Letvp =0, in which case

Comparingy, ande, , the condition for overpricingnderpricing) can be expressed:

2-A-ay)A—yivD)ve > (< i +ve —vive) L+ v +a@—y))A—y1).

An increase inv holding Ev constant implies lower ex ante uncertainty. Singeappears
nowhere in expression farto check for the impact of a change in ex ante uncertainty we
take the change inwith respect to a change in It is now straightforward (although a bit
tedious) to show that

o7
é > (<)0
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2-A-ay)A—yivo)ye > (<) i +ve —vive) L+ +al—y)) L —yo).

In other words, the equilibrium initial returnwill be decreasing (increasing) in ex ante
uncertainty if the IPO is overpred (underpriced) in equilibrium.

Proof of Proposition 4. Letvp =0, in which case

Fo=a g%y
Po or
2-A-a)yrlyca+[1+yr+al—yp]1—y)A—a)

i +y.— Q—aymyle+1—yiye +a@—y)A—yDld—a)

9

where
v= yi+ye —A-ayiye] 0
2—Q-a)yLlvi
An increase inx is associated with a decrease in ex ante uncertainty. Thus, to prove the
proposition, it must be shown thgt is decreasing . Taking the derivative shows after
some substitution that, /o« <0 solongasg; > y,. O

Appendix B. Two related frameworks
B.1. Rock (1986)

In Rock (1986)informed investors observe the true value of the firm without error (i.e.,
y; = 1), and uninformed investors observe no signals. In the present setting, an uninformed
investorL will randomize between requesting and nequesting shares (requesting shares
with probability P (s%) = 1/2). An uninformed investor in the Rock setting requests shares
as long as he expects to at break even.

Assume that there is one informed investor and one uninformed investor in the offering,
and let investors be informed and uninformed in the sense of Rock. The IPO is priced from
the participation constraint of the uninformed investor:

“+a
2

where unlike Rock the size of the issue is allowed to covary with demand. SdBithy
with respect to the IPO price gives

1
(1—o)[vp — Pol + afvg — Pol=0 (B.1)

Po=(1—ar)vp +arvg (B.2)
where
o 1+ a)a/2 63

T Q-+ A+a)a/2
Note that the issue fails withrobability zero since the uninformed investor submits non-
randomized bids. The relevant ‘equally-weighted’ benchmark is theréfore
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Noting thatag < « if (1+a)/2 <1, it follows that Po < Ev for anya < 1, with
the inequality being strict it: < 1. In other words, the IPO can never be overpriced in
equilibrium (relative toEv), even fora = 1. Hence, simply allowing the size of the issue
to covary with demand does not trivially deliver overpricing in the basic Rock setting.

B.2. Chemmanur (1993)

At y; = yr, my model resembles a reduced formGfiemmanur (1993Wwhere un-
derpricing represents a compensation to investors for their costs of acquiring information.
There are some differences, though. Specifically, he assumes that the investment bank picks
up any unsold shares. This ensures that the IPO will fail with probability zero and hence
that the relevant equally-weighted benchmarkisrather tharv as in the present setting.
Another difference is that investors calculaig@ectations with respect to final values rather
than aftermarket values. This feature makeitessary to define state-by-state allocation
probabilities implicitly rather thn explicitly as is done in the present analysis. Finally, he
assumes that the size of the issue is unrelated to the state of demand, which in the present
setting implies that = 0.

To complete the comparison, lget= y; = y; anda = 0, and assume that investors
compute expectations over aftermarket ea(as in the present setting) rather than final
value. This gives an IPO price of

Po=ajvg + (1 —a)vp(=10),
where

B @2—y)ya
C-yya+1-y>)(l-a)
It can now be shown that; > «, which implies thatPy > Ev. For then-investor case, it
can be shown thafy | Ev asn — oco. Thus, the IPO will be overpriced relative v for
anyn < co. Chemmanur notes the possibility of overpricing (relativé&tg in his model,
but he does not pursue this angle. In any case, the empirical implication of overpricing
relative toEv is not clear.

ay
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