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1. Introduction

In the many studies on initial public offerings, the typical assumption is that the IPO

is the first time we can observe how the market values the shares of the company

going public. In this paper we study the role of information available prior to the

IPO through the grey market, an informal forward or “when-issued” market for the

shares that are not yet in existence.

Before an IPO, underwriters conduct bookbuilding: they receive bids from institu-

tional investors, and in so doing collect information that will help price the securities

(see, for example, Cornelli and Goldreich, 2003). However, while bookbuilding allows

the underwriter to gauge institutional investors’ demand functions, it leaves out a

large part of the market—the retail investors. In the literature, the exclusion of retail

investors from bookbuilding has typically been justified by arguing that retail in-

vestors are uninformed and it is optimal to restrict the participation in bookbuilding

to the (informed) institutional investors (see, for example, Benveniste and Wilhelm

(1990) and Sherman (2000)). Thus, retail investors’ opinions are not reflected in book-

building. Moreover, information learned in bookbuilding is confidential and observed

only by the underwriter, though once the issue price has been set, some information

may be revealed to the market, for instance in the form of the oversubscription ratio.

The assumption in most IPO studies is that no information is publicly available

to the market and in particular no information about the retail investors is available

to anyone, even to the underwriter. However, in Europe this is not true, due to the

existence of “grey markets”. A grey market is a when-issued market operating before

the IPO in which investors speculate on what the price of the shares will be at the

end of the first day of post-IPO trading. The existence of such a market potentially

allows us to observe the willingness to pay of an important class of investors. We

view grey market prices as an indication of participating investors’ opinion about the

aftermarket price, and thus of what such investors are willing to pay for the shares.

The structure of grey markets differs across countries and even within countries

depending on the broker. Grey markets are usually organized not by an exchange

but by independent brokers who make forward markets in IPO shares on a when-
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issued basis. Brokers quote spreads and investors can take a long or short position

depending on their expectations. Usually, grey market prices are public information:

not only are they available from the broker, but the financial news media often report

grey market prices.

As in the when-issued market for Treasury securities that takes place prior to each

Treasury auction, the grey market for IPOs is very similar to trading the actual shares

(albeit on a forward basis). There are, however, two differences from the when-issued

market for Treasuries. First, settlement is usually in cash, rather than physical de-

livery of shares, and therefore the grey market is not susceptible to a short squeeze.

Second, while participants in the Treasury when-issued market are mostly the same

investors who take part in the auction, in the case of the IPO grey market, bookbuild-

ing investors are, in large part, absent. This happens primarily for two reasons. First,

the depth of the grey market is usually not sufficient to interest large institutions.

Second, the underwriter actively discourages bookbuilding investors from taking part

in the grey market, by threatening not to give them share allocations in future IPOs.

Though practitioners contend is that grey market prices reflect mainly the opinions

of retail investors, the success of the underwriter in discouraging grey-market trading

by bookbuilding investors is unclear. Thus, we will consider both the case in which

bookbuilding investors do not trade in the grey market and the case in which they

do.

The first issue is what type of investors grey market investors are and what type

of information they have. Dorn (2002) looks at the behavior of retail investors in the

German grey market and finds that they appear willing to overpay for IPOs, and thus

views these investors as “sentiment” investors. Moreover, he documents that retail

sentiment helps push aftermarket prices temporarily above fundamental levels, since

he finds that the first-day return from the offer price to the closing price is positively

correlated with retail buying pressure.

This paper starts from the same premise and looks at the implications of the

existence of a grey market for the way underwriters price IPOs. Specifically, we

model the optimum bookbuilding mechanism in the presence of a grey market. We
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argue that grey market prices reflect the valuations of retail investors (who could be

sentiment investors). Courtesy of the grey market, these valuations become publicly

observable. Consequently, the underwriter and the institutional investors should use

this information in the bookbuilding process. In particular, when the grey market

price is very high, the underwriter should try to price the issue close to it (even if

the information collected during bookbuilding suggests a lower fundamental price), as

this will increase the issuer’s proceeds. Bookbuilding investors will agree to the higher

price, since they expect to be able to resell their allocations to the retail investors

once trading begins in the after-market. Conversely, when the grey market price is low

relative to the fundamental value, the underwriter should disregard the grey market

price and instead price the shares based on the information about fundamental value

gathered during bookbuilding.

We develop a model which captures this intuition. There are two types of investors:

informed investors, who have private information about the fundamental value of the

shares and bid into the book, and less informed investors who trade in the grey market.

Everybody can observe the grey market price, while bookbuilding information is kept

confidential to the participants.

Both grey market investors and bookbuilding investors have information about

the fundamental value of the shares (but we allow for the special case in which the

grey market investors’ opinion has no incremental relevance for the underwriter or the

informed investors). Thus, bookbuilding investors and the underwriter will update

their opinion about the fundamentals after observing the grey market price. After

the issue price has been set, some bookbuilding information is publicly revealed in

the form of the issue price and other announcements, including for example how

heavily oversubscribed the issue was. Retail investors update their share valuation on

the basis of this information. We allow for the possibility that grey market investors,

when updating, show some conservatism in the sense that they overweight their signal.

Their updated valuation is their reservation price for the shares in the aftermarket. If

that price is higher than the fundamental value of the shares, informed investors will

disregard their information about the fundamental value and will instead sell shares
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in the immediate aftermarket. But since the underwriter can also observe the grey

market price, he will anticipate that the shares will be sold in the aftermarket and

will set a higher offer price, to extract part of the surplus. If instead the grey market

price is low, then the informed investors will hold on to their shares, and the standard

bookbuilding situation obtains.

This implies that if the grey market price is high, the issue price will be set

close to it and the aftermarket price will be correlated with the grey market price.

Trading volume will also be high, because the shares will immediately be sold by the

institutional investors to the retail investors who value them more highly. If instead

the grey market price is low, then the underwriter will set the issue price on the basis

of the bookbuilding information alone, independent of the grey market price. Thus

there will be no correlation between the offer and grey market prices. Furthermore,

the aftermarket price will be less correlated with the grey market price because the

grey market investors are not buying, which also implies low volume.

The model has implications for long and short run prices. When the grey market

price is high, retail demand will cause the shares to trade at a high price relative

to fundamentals in the short run. However, in the long run, prices will revert to

fundamental value as it is gradually revealed through time, so we should observe

negative returns. When the grey market price is low, on the other hand, the offer

price is set on the basis of the bookbuilding information alone, and the aftermarket

values the shares according to the company’s fundamentals. Thus in this case, we do

not expect a reversal pattern.

The model also shows that when bookbuilding investors do not trade in the grey

market, issuers benefit from the presence of a grey market, since it increases IPO pro-

ceeds. However, when bookbuilding investors can trade in the grey market, proceeds

may decrease, thus explaining why underwriters actively discourage bookbuilding in-

vestors from trading in the grey market.

We test the predictions of the model using grey market price data for a large set

of (mostly European) IPOs in 1996-2002. Consistent with the model, we find that

both the issue price and the first-day aftermarket price are more correlated with the
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grey market price when the grey market price is high and that volume is positively

correlated with the grey market price when the grey market price is high.

We are not the first to study grey market prices in the context of European

IPOs, though ours is the first model of how bookbuilding and a grey market interact.

Aussenegg, Pichler, and Stomper (2002) assume grey market prices contain informa-

tion about the fundamental value. In their setup, the grey market acts as a competing

mechanism with the bookbuilding mechanism for extracting pricing-relevant informa-

tion. Using German grey market data, they find a strong correlation between the grey

market price and the aftermarket price which they view as support for their hypoth-

esis. We instead argue that it is possible to find such a correlation even if the grey

market contains no information about the fundamental value (and thus cannot be

used as a substitute for bookbuilding). Löffler, Panther and Theissen (2002) also

document that pre-issue prices are unbiased estimates of the first-day prices.

2. The model

An issuer wants to sell S shares in an IPO. Each share has a fundamental value equal

to v ∈ [0, v̄]. Since the underwriter does not know the value v before setting the issue

price, PI , he conducts bookbuilding to collect information from institutional investors

about the fundamental value of the shares. At the same time as bookbuilding, a

publicly observable grey market takes place in which a different group of investors

trade the shares on a when-issued basis.1

The expected fundamental value of a share is a weighted average of the information

arriving from bookbuilding (sB) and the information from the grey market (sG), i.e.

E(v | sB, sG) = αsG + (1− α)sB (1)

where 0 ≤ α < 1. When α = 0 the information of the grey market investors is

completely irrelevant.2 We assume that bookbuilding investors information is always

1In Section 5 we consider the case in which there is an overlap between the two groups of investors.
2For example, the grey market investors could be completely uninformed or they could have

information that is already included in the bookbuilding information
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relevant.3

The timing is as follows. First the underwriter sets an initial indicative price

range, based on his prior beliefs. Then bookbuilding and grey market trading both

begin. At the end of bookbuilding, the underwriter observes the bids in the book as

well as the grey market price and sets the offer price. Afterwards, aftermarket trading

begins.

Bookbuilding

We model the bookbuilding process as in Biais and Faugeron-Crouzet (2002).

Three investors take part in the bookbuilding process: two informed and one unin-

formed. The uninformed can buy at most S(1 − k) shares, with 0 < k < 1. The

information from bookbuilding, sB, is the aggregate of the information observed by

the informed investors. Each informed investor i (where i = 1, 2) observes a signal si

about the fundamental value of the shares. The signals of the two investors are i.i.d.,

with si equal to H with probability π and equal to L with probability (1 − π). The

distribution of the signals is such that if both investors observe a signal equal to H

then sB is equal to H, if both observe L then sB = L, but if one observes L and the

other H then sB = M , where 0 < L < M < H < v̄. The ex-ante expected value of

the information arising from bookbuilding is E(sB) = π2H +2π(1−π)M +(1−π)2L.

For simplicity we assume that E(sB) = M .

From the point of view of an informed investor who observes si (as well as the

grey market information sG, which, as explained below, can be inferred from the grey

market price) the expected fundamental value is equal to

E(v | sG, si) = αsG + (1− α)E(sB | si) (2)

Each investor submits a bid for shares, after observing his own signal, but not

knowing the signal of the other informed investor. The underwriter designs a mech-

anism (described in Section 2.1) in which he sets the offer price and allocates the

3Cornelli and Goldreich (2003) show that bookbuilding aggregates information that is relevant
for both the issue price and the long-run aftermarket price.
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shares, as a function of the bids. We assume that the underwriter acts in the interest

of the issuer, i.e. he maximizes the issue proceeds.

The bookbuilding set-up described so far is based on Biais and Faugeron-Crouzet

(2002) and is similar to the one in Benveniste and Spindt (1989). The main difference

here is the existence of a grey market whose price is observed before the issue price

is set.

Grey Market

At the same time as bookbuilding there is a grey market in which investors trade

the shares on a when-issued basis. For now, we assume that bookbuilding investors

are not allowed to trade in the grey market.

Since in reality the grey-market price is continuously and publicly observable,

while bookbuilding is a confidential process controlled by the underwriter, we assume

that the grey market investors do not observe sB. Instead, they only observe a signal

about the value of the shares, sG ∈ [0, v̄].4

The grey market investors know that the fundamental value is a weighted average

of their signal and the bookbuilding information, but we allow for the possibility that

they overweight the importance of their signal. In other words, after observing the

signal their expectation of the fundamental value of the shares is

EG(v | sG) = α̂sG + (1− α̂)E(sB) (3)

where α̂ ≥ α and EG refers to the expectation from the perspective of the grey

market investors. The difference (α̂− α) represents the extent grey market investors

overweight their signal. When α̂ − α = 0 they are fully rational. Note that only

the expectation of sB appears in equation (3), since the grey market investors do not

observe the bookbuilding information.

Trading in the grey market results in a price PGM , which reflects the investor beliefs

4The assumption that the signal of the grey market investors is continuous, while the signal of
the bookbuilding investors is discrete, is made only in order to simplify the analysis.

7



about the fundamental value of the shares. Thus, PGM = EG(v | sG). After observing

PGM the underwriter and the bookbuilding investors, knowing α̂, can perfectly infer

sG using the following relation:

sG =
PGM − (1− α̂)M

α̂
(4)

After the underwriter aggregates the bookbuilding information into the offer price

(and before the start of the aftermarket trading), the bookbuilding information sB is

revealed.5 The grey market investors then update their valuation, starting from their

prior valuation to

P̂GM ≡ P̂GM(sG, sB) = α̂sG + (1− α̂)sB = PGM + (1− α̂)(sB −M). (5)

P̂GM differs from PGM because it incorporates the observed sB rather than its expec-

tation. It also differs from the fundamental value if α̂ 6= α. The difference between α̂

and α is motivated by the experimental evidence that individuals are slow to change

their beliefs in the face of new evidence: they update their priors too little relative

to Bayesian updating (see Barberis, Shleifer, and Vishny, 1998).6

Aftermarket

After the shares are allocated to the bookbuilding investors, trading in the af-

termarket begins. At this point both bookbuilding and grey market investors have

observed both sG and sB. The grey market investors value the shares at P̂GM , while

the bookbuilding investors value the shares at the expected fundamental value, given

in equation (1). Again, these two valuations differ if α̂ > α.

We assume that aftermarket participants include investors who have the same

valuation as the grey market investors. They may be the grey investors themselves

5A more realistic assumption might be that grey market investors learn from the offer price. How-
ever, we make our assumption to avoid modelling situations in which the offer price is manipulated
by the underwriter to hide information.

6An alternative explanation could be the one studied in Harris and Raviv (1993), where individ-
uals receiving common information differ in the way they interpret this information.
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or other investors (perhaps retail investors), so that the grey market price is repre-

sentative of the valuation of a larger set of investors. For simplicity, we refer to this

set of investors as grey market investors.

Let us define PAM as the aftermarket price in the short-run. If the fundamental

value of the shares is higher than the price that grey market investors will pay in

the aftermarket, then the bookbuilding investors will not be willing to sell the shares

to them. Thus, there will be no trading involving grey market investors and the af-

termarket price will not depend on their valuation. The expected aftermarket price

PAM will equal the expected fundamental value. If instead the price that grey mar-

ket investors will pay is higher than the fundamental value, then the bookbuilding

investors will be able to sell the shares to the grey market investors at this higher

price.

The price at which the bookbuilding investors will be able to sell the shares de-

pends upon the depth in the market. If there are many investors willing to buy shares

at the price P̂GM , bookbuilding investors will have all the market power and will set

the price equal to P̂GM , extracting all the surplus from trading. However, if there are

not enough investors willing to buy all S shares at P̂GM , for example if the demand

for these shares is downward sloping (and the demand at P̂GM is less than S), then

bookbuilding investors will have to sell some of their shares at a lower price. Assum-

ing a linear demand curve, bookbuilding investors will expect to sell the shares in the

aftermarket at P̂GM − λS, where λS captures the discount necessary to sell all S in

the aftermarket. Although more complex functional forms are possible, this simple

linear form suffices to capture the idea that the market may not be very deep. If the

market is deep enough to to sell all the shares at P̂GM , the λ = 0.

In the long run, all uncertainty is resolved and the long-run price equals the

fundamental value.

2.1. Optimal Mechanism. We now characterize the optimal bookbuilding mech-

anism. This mechanism specifies the offer price and the number of shares to be
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allocated to the various bidders, as a function of the bids and the grey market price.7

To find the optimal mechanism, by the Revelation Principle we can restrict at-

tention, without loss of generality, to a direct revelation mechanism where the book-

building investors simultaneously announce their signals to the underwriter. The

underwriter uses the announced signals (s̃1, s̃2) (which aggregate to s̃B), and the grey

market information sG to set the offer price and to allocate the shares. A direct reve-

lation mechanism is described by the outcome functions (PI , q, qu), where PI(sG, s̃B)

is the offer price; q(sG, s̃i, s̃j) is the allocation to an informed investor who announces

signal s̃i when the other informed investor announces s̃j; and qu(sG, s̃i, s̃j) is the allo-

cation to the uninformed investor when one informed investor announces s̃i and the

other announces s̃j. We look for an equilibrium of this mechanism in which buyers

truthfully reveal their signals.

In order to derive the optimal mechanism, we must first determine the reservation

price of bookbuilding investors. After the offer price has been set, the bookbuilding

investors observe both sB and sG. They thus know the expected fundamental value of

the shares (equation (1)), which is the value they will obtain if they hold the shares in

the long run. Additionally, since they observe PGM , they can also compute the price

that grey market investors would be willing to pay in the aftermarket (P̂GM − λS).

When P̂GM − λS exceeds the fundamental value, bookbuilding investors will be

able to resell their shares in the aftermarket to the grey market investors. Thus,

the relevant value of the shares, from their point of view, is the short-run aftermar-

ket price. When P̂GM − λS is lower than the fundamental value, the bookbuilding

investors will not resell the shares in the aftermarket. Therefore, after the end of

bookbuilding, when a bookbuilding investor observes sB, his valuation will be the

maximum of the two possible valuations, i.e., Max{E(v | sG, sB), P̂GM − λS}.

During bookbuilding, however, each informed investor will have observed his own

7By law, the underwriter cannot charge different prices to different investors, thus we do not
allow the mechanism to price discriminate between investors. Bennouri and Falconieri (2003) show
that, if there is no limit to the quantities investors can be allocated, price discrimination is never
optimal.
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signal si but not that of the other informed investor. Therefore, an investor with a

signal si = H will value a share at π ∗ Max{E(v | sG, H), P̂GM − λS} + (1 − π) ∗
Max{E(v | sG, M), P̂GM − λS}. An investor with a signal L will have a valuation of

π ∗Max{E(v | sG, M), P̂GM − λS}+ (1− π) ∗Max{E(v | sG, L), P̂GM − λS}.

The underwriter, who also observes the grey market price, knows that if the grey

market price is high, he can increase the offer price above the fundamental value.

That way, he can extract part of the surplus informed investors expect to gain from

trading with the grey-market investors in the aftermarket. If instead the grey market

price is low, the underwriter does not need to lower the offer price, since he knows

that the bookbuilding investors are still willing to buy and hold the shares at a price

close to the fundamental value. In other words, the offer price (and the subsequent

aftermarket price) will reflect the grey market price when it is high, but will reflect

the fundamental value when the grey market price is low.

In the following proposition, we present the optimal mechanism.

Proposition 1: Assume that α̂ ≥ 1−α
2

and that H and L are equidistant from M .

In the optimal mechanism the quantities allocated to the bookbuilding investors are as

follows:

q(H, H) = S/2, qu(H, H) = 0,

q(H, L) = S, q(L, H) = 0, qu(H, L) = 0,

q(L, L) = Sk/2, qu(L, L) = S(1− k)

(6)

where we have suppressed the argument sG since the quantities allocated do not depend

on the grey market information.

The offer price depends on the grey market and the bookbuilding information as

follows:

PI(sG, H) = VH(H)− 1−π
π

k [VM(L)− VL(L)]

PI(sG, M) = VM(M)

PI(sG, L) = VL(L)

(7)
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where

VsB
(s̃B) ≡ Max{E(v | sG, sB), P̂GM(sG, s̃B)− λS}. (8)

Proof: See Appendix 1.

The assumptions of equidistance and on α̂ are sufficient but by no means necessary

for the proposition to hold.

VsB
(s̃B) represents the value of a share to an informed investor where sB is the

aggregate information from the two signals of the informed investors and s̃B is the

aggregate information revealed through bookbuilding (and thus conveyed to grey

market investors). When sB 6= s̃B, at least one investor misreported his signal.

VsB
(s̃B) is the maximum of the fundamental value and the resale value. Note that

our notation suppresses the argument PGM in the function VsB
as the maximization

is conducted for a given PGM .

Although the quantities allocated do not depend on the grey market price, the

offer price PI depends on PGM as well as the announced signals. To highlight how the

issue price, as expressed in (7), depends on the grey market price and the information

in the book, we divide the possible values of PGM into intervals and present the issue

price for each interval.

Since for a given PGM we can always compute both the fundamental value and the

resale value using equations (4) and (5), we can redefine the fundamental value and

the resale value as functions of PGM . The fundamental value is defined as FsB
(PGM) ≡

E(v | sG, sB) and the resale value is defined as P̂GM(PGM , s̃B)−λS ≡ P̂GM(sG, s̃B)−
λS.

We distinguish five different intervals of PGM . The boundaries of these intervals

are the values v̄ > v1 > v2 > v3 > v4 > 0, where:

• v1 is defined so that P̂GM(v1, H) − λS = FH(v1). In other words, if the grey

market price is PGM = v1, and the information from the bookbuilding is H, the
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fundamental value will be exactly equal to the resale value of the shares;

• v2 is defined so that P̂GM(v2, L)− λS = FM(v2);

• v3 is defined so that P̂GM(v3, M)− λS = FM(v3); and

• v4 is defined so that P̂GM(v4, L)− λS = FL(v4).

The issue price in each interval is as follows:

1. If PGM ∈ [v1, v̄] then


if s̃B = H, PI = P̂GM(PGM , H)− λS,

if s̃B = M , PI = P̂GM(PGM , M)− λS

if s̃B = L, PI = P̂GM(PGM , L)− λS.

2. If PGM ∈ [v2, v1] then


if s̃B = H, PI = FH(PGM)

if s̃B = M , PI = P̂GM(PGM , M)− λS

if s̃B = L, PI = P̂GM(PGM , L)− λS.

3. If PGM ∈ [v3, v2] then


if s̃B = H, PI = FH(PGM)− 1−π

π
k[FM(PGM)− P̂GM(PGM , L) + λS]

if s̃B = M , PI = P̂GM(PGM , M)− λS

if s̃B = L, PI = P̂GM(PGM , L)− λS.

4. If PGM ∈ [v4, v3] then


if s̃B = H, PI = FH(PGM)− 1−π

π
k[FM(PGM)− P̂GM(PGM , L) + λS]

if s̃B = M , PI = FM(PGM),

if s̃B = L, PI = P̂GM(PGM , L)− λS
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5. If PGM ∈ [0, v4] then


if s̃B = H, PI = FH(PGM)− 1−π

π
k[FM(PGM)− FL(PGM)]

if s̃B = M , PI = FM(PGM),

if s̃B = L, PI = FL(PGM)

Figure 1 illustrates the asymmetry in the optimal mechanism. It shows that the issue

price is close to the grey market price (more precisely, the updated valuation of the

grey market investors) when the grey market price is high, but not when it is low.

The vertical axis presents the possible values that PGM can take. When PGM is very

high, the issuer can take advantage of it by selling the shares above the fundamental

value. When PGM is low, the issue price is based solely on the fundamentals. In the

middle are cases in which the offer price is set equal to the fundamental value (minus

a rent to be left to the bookbuilding investors) when the fundamental value is high

and is set equal to the updated grey market valuation otherwise.

The extent of the asymmetry depends on α and α̂. When (α̂ − α) is small, grey

market investors overweight their signal only by a small amount. In such case, their

valuation and the fundamental value will be similar and there will be less asymmetry.

When (α̂ − α) is large, grey market investors are much more overconfident in the

relevance of their signal and their valuation can be much higher than the fundamental

value. In this case, the issuer can take advantage of their overconfidence and set the

issue price much higher then the fundamental value.

The value of α indicates the relevance of the grey market signal for the fundamental

value. In the extreme case of α = 0, the grey market price is not relevant for the

fundamental value, which is completely determined by the bookbuilding information.

In this case, when PGM is low and the issue price is set equal to the fundamental, there

will be no relation between PGM and the issue price. However, when the grey market

price is high, it will be closely related to the issue price even though it contains no

fundamental information. When α > 0 the grey market price includes fundamental

information. So, even when the grey market price is low there will be a positive

relation between PGM and the issue price. However, to the extent that α̂ > α this
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relation will be weaker than when PGM is high.

The issue price is based on the valuation of bookbuilding investors, which in turn

depends on their expectation about the aftermarket. Thus the asymmetry in the

issue price is driven by the asymmetry in the aftermarket price PAM and there will

be a stronger relation between PGM and PAM when PGM is high.

Although we allow for shares to be sold in the aftermarket at a discount λS to

capture a potential lack of depth, the results also hold when λ = 0. A larger λ implies

that shares will be sold to grey market investors in the aftermarket less often but the

basic asymmetry remains.

As explained above, the bookbuilding investors’ expectations about the aftermar-

ket are central to determine their willingness to pay in bookbuilding and the choice of

the issue price. This aspect is similar in spirit to Busaba and Chang’s (2002) model

where investors have an incentive to misreport their information in bookbuilding in

order to fool uninformed investors and take advantage of them in the aftermarket.

However, there are two main differences here. First, in our model the underwriter

takes into account the incentives of bookbuilding investors to resell shares and designs

the optimal mechanism to account for these incentives. As a result, bookbuilding in-

vestors will not misreport their information. Second, the existence of the grey market

adds another dimension to the analysis. Since the grey market price signals the po-

tential resale value in the aftermarket, the bookbuilding investors and the underwriter

can take it into account when determining their actions.

This is why the presence of the grey market is beneficial to the issuer, even in the

case when it does not contain any information about the fundamental value of the

shares (α = 0). The valuation of the grey market investors, as it affects the short-run

aftermarket price, affects the bookbuilding investors’ valuation and thus provides a

lower bound on their willingness to pay. If grey market investors are willing to pay

a high price, the surplus that can be appropriated increases. Moreover, since this

part of the valuation is publicly observable, the issuer can extract a larger part of the

surplus from the bookbuilding investors.
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2.2. Empirical Implications. The model allows us to make predictions about the

relationship between the grey market price, the offer price, and the aftermarket prices

in the short and long run, as well as other variables. We list here the main empirical

predictions. A more detailed analysis is conducted in Section 4, where we present the

results.

Hypothesis 1: PI is correlated with PGM . Moreover, α̂ > α implies that this

correlation is larger when PGM is high. α > 0 implies that this correlation is positive

even when PGM is low.

Hypothesis 2: The short-run aftermarket price PAM is correlated with PGM . More-

over, α̂ > α implies that this correlation is larger when PGM is high. α > 0 implies

that this correlation is positive even when PGM is low.

Hypothesis 3: When the reliability of the grey market signal increases, the corre-

lations between PGM and the issue price and between PGM and the aftermarket price

increase.

A more reliable grey market signal means that an investor, who is weighing this

signal with the bookbuilding signal should give additional weight to sG. In other

words, α should be higher. Thus the great market price will be more closely related

to the fundamental value. While we do not explicitly model the grey market investors’

bias, presumably α̂ will also be higher.

Hypothesis 4: When PGM is high, PI and PAM are negatively correlated with the

issue size (S) and positively correlated with the depth of the grey market (−λ).

Hypothesis 5: Aftermarket trading volume is lower when PGM is low and higher

for high values of PGM (when bookbuilding investors resell their shares to grey market

investors in the aftermarket).

Finally, since the share price converges to the fundamental value in the long run,

we obtain the following empirical implication:

Hypothesis 6: When PGM is high, the long-run return (relative to PAM) is nega-

tively correlated with PGM (if α̂ > α) and is positively correlated with the difference
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between PAM and PGM (to the extent that grey market investors do not fully update

for sB, i.e., if α̂ > α).

The intuition of Hypothesis 6 is as follows. When PGM is higher than the funda-

mental value, the immediate aftermarket price (PAM) is closely related to the updated

willingness to pay of the grey market investors (P̂GM), which differs from the funda-

mental value if grey market investors overweight their own signal. Thus, if α̂ > α, in

the long run we should expect reversal of the share price away from PAM towards the

fundamental value. In contrast, the difference between PAM and PGM captures grey

market investors updating their valuation when they learn the bookbuilding informa-

tion sB. To the extent that they underweight the bookbuilding information, the share

price movement from PGM to PAM is only a partial movement in the right direction

and should continue in the same direction as the fundamental value is revealed over

time.

3. Sample and Data

The dataset consists of 435 mostly European IPOs completed between November 1995

and December 2002 for which we have grey market prices. Grey market prices are

not available systematically, so our dataset is a subset of the universe of firms going

public in Europe over the sample period. Sample companies come from the following

19 countries: Austria (13), Belgium (1), Canada (1), Denmark (1), Finland (2),

France (13), Germany (295), Greece (2), Ireland (2), Israel (7), Italy (57), Lithuania

(1), Luxembourg (1), Netherlands (11), Spain (5), Sweden (2), Switzerland (3), the

United Kingdom (14), and the United States (4).

Grey market prices were obtained from two large brokers, based in Germany and

the United Kingdom, and supplemented with a news search. Information on the IPOs

is derived from an updated version of the dataset compiled by Ljungqvist and Wilhelm

(2002), based on Dealogic’s Equityware, Thomson Financial’s SDC, information from

national exchanges, and a comprehensive news search.

Table 1 shows descriptive statistics for the sample as a whole as well as broken

down by the twelve countries on whose exchanges sample companies list. Most sample
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firms (77 percent) list in Germany, 54 companies list in more than one country (usually

the home country plus Frankfurt or London), and 43 companies don’t list in their

home country at all (including non-European issuers from Israel, the U.S., or Eastern

Europe).

Although the sample IPOs span the period from November 1995 to December

2002, the range of dates varies from market to market, depending on which IPOs we

have grey market prices for. In Germany, for instance, we have grey market prices

for firms going public between November 1996 and July 2001. To allow the reader to

assess how comprehensive our sample is, Table 1 reports the number of IPOs in each

market during the entire period, as well as the sub-periods for which we have IPOs

listed in each country.

First-day trading prices are from Datastream, with all initial returns in excess of

30 percent cross-checked using Reuters. We convert monetary values – such as gross

proceeds – into U.S. dollars using exchange rates on the first day of trading.

4. Empirical Results

In this section we discuss the empirical results in light of our predictions.

4.1. The Offer Price. In Table 2 we study the relation between the offer price and

the grey market price (both normalized by the midpoint of the initial indicative price

range). We use the last reported grey market transaction price (or midpoint of the

bid-ask spread when transaction prices are unavailable) before the issue price is set.

It is well-documented that in Europe issue prices are rarely set outside the initial

price range and are frequently set at the endpoints, in particular at the top of the

range (see Ljungqvist, Jenkinson, and Wilhelm (2003)). The observed distribution of

offer prices in our sample is also truncated at the range endpoints, therefore we use

censored regressions, which correct for this in a manner similar to the Tobit model.

Since the number of right-censored observations in our data is very high (about 50%),

we must take this into account when interpreting our results, particularly when the

issue price is expected to be high.
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In Regression 1 the independent variables include the grey market price and the

grey market price multiplied by an indicator function that equals one if the grey mar-

ket price exceeds the range midpoint. Although the model distinguishes between the

cases where the (updated) grey market price is higher or lower than the fundamental

value, since we cannot observe the fundamental value we use this indicator function

instead. The midpoint of the range is often interpreted as the ex ante prior of the

fundamental value, thus if the grey market price is above the midpoint it is more

likely to be above the fundamentals.

We find a very significant relation between the issue price and the grey market

price, and an even stronger relation when the grey market price is above the range

midpoint. This result is consistent with Hypothesis 1: the grey market price is

correlated with the issue price. The fact that the correlation is positive even when

the grey market price is low suggests that α > 0: the grey market price contains

information relevant to the fundamental value. The stronger relation for high levels

of the grey market price reflects an asymmetry in the relation between the grey market

price and the offer price. This is consistent with the asymmetry in the model when

α̂ > α: the underwriter bases the issue price on the grey market price when it is high,

but when the grey market price is low, the underwriter uses it only to the extent that

it contains (partial) information about the fundamental value.

The regression also includes the domestic market returns over the bookbuilding

period, the market volatility prior to the IPO, and the average underpricing in prior

(domestic) IPOs as control variables.

Since, as mentioned above, the issue price is equal to the top of the range for a

large proportion of our sample, the results must be treated with caution, especially

when the grey market price is high. This is the reason why to capture the asymmetry

we introduce the indicator function rather than splitting the sample between high

and low levels of the grey market price as we do in later tables. If we were to run the

regression for the subsample where the grey market price is higher than the midpoint,

we would have little explanatory power since for most observations the issue price is

equal to the top of the range. The large number of right-censored observations also
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causes a pseudo-R2 of about 100%. This limitation applies to all the regressions in

Table 2. Therefore, it will be important to confirm these results when we analyze in

Table 3 the aftermarket price, since it is not subject to truncation.

In Regression 2 we also include the bid-ask spread quoted by grey market brokers

shortly before IPO pricing and (the logarithm of) the gross proceeds from the issue.

A larger bid-ask spread may indicate a lack of depth in the grey market. This may

be due to a scarcity of traders in the grey market or a diversity of opinion among

investors. Either way, the bookbuilding investors may not be able to resell all the

shares in the aftermarket at the (updated) grey market price, and the underwriter

should price the issue more conservatively. Similarly when the issue size (as captured

by gross proceeds) is large, the issue price should reflect the difficulty of reselling the

shares in the aftermarket. In the model, this is captured by the discount λS and gives

rise to Hypothesis 4, which suggests the issue price should be negatively correlated

with the issue size and positively correlated with the depth of the market.

Consistently with the Hypothesis, in Regression 2 we find a negative and sta-

tistically significant relation between the issue price and the bid-ask spread. The

coefficient of the issue proceeds is also negative, but not statistically significant.

In Regression 3 we introduce the bid-ask spread times the gross proceeds, since

in the model the discount λS is the product of the two terms. We find a negative

and statistically significant relation. Moreover, the relations in Hypothesis 4 refer

to the case of a high grey market price, since only in such case the bookbuilding

investors resell their shares to the grey market investors. In Regression 4 we include

the product of the bid-ask spread and the proceeds times an indicator function which

equals one when the grey market price is above the range midpoint. We find that this

term is negative and statistically significant, while the product without the indicator

function is not significant, again emphasizing the asymmetry predicted by the model.

Finally, if a wide bid-ask spread reflects divergence of opinion among grey market

investors, then it would indicate a less reliable grey market signal (or a smaller α

in the model). Hypothesis 3 predicts that the correlation between the issue price

and the grey market price is weaker when the signal is less reliable. In Regression
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5, we capture this by interacting the bid-ask spread with the grey market price. We

find that the coefficient of the interaction term is indeed negative and statistically

significant, suggesting that the positive effect of grey market prices on IPO pricing is

attenuated when the bid-ask spread is wider.

4.2. The Short-Run Aftermarket Price. The model suggests that when the grey

market price is higher than the fundamental value, the first-day closing price reflects

the price retail investors are willing to pay for the shares, which is the grey market

price adjusted for the information in the book. In Table 3, Regressions 1, we see

that the aftermarket price (at the end of the first day of trading) is indeed highly

correlated with the grey market price. In Regression 2 we see that the aftermarket

price is related to the issue price but the R2 is much lower than in Regression 1. In

fact, when we include both the grey market and issue price (Regression 3) the grey

market price remains highly significant but the issue price loses most of its explanatory

power.

More specifically, Hypothesis 2 suggests an asymmetry in the relationship between

the grey market price and the first-day closing price. When the grey market price

is high, we should expect a closer correlation between the grey market price and

the first-day closing price. In contrast, when the grey market price is low, the issue

price depends primarily on the information in the book, so it should have a relatively

stronger effect and the grey market price should have a weaker effect on the first-day

closing price.

In Regression 4, the coefficient of the grey market price multiplied by an indicator

function for a high grey market price is not statistically significant. However, in

Regressions 5 and 6 we capture the asymmetry by splitting the sample into two

subsets. We find that the aftermarket price is more correlated with the grey market

price when the grey market price is higher than the range midpoint, consistent with

Hypothesis 2. In contrast, the correlation between the aftermarket price and the issue

price is stronger when the grey market price is low than when the grey market price

is high.
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As argued above, in the case of a high grey market price, a wide bid ask spread

or a large issue size reduces the ability of the institutional investor to sell the shares

at the grey market price in the aftermarket. This is reflected in Regressions 5 by

negative coefficients on the bid-ask spread and issue size (and statistically significant

for issue size) showing a lower price in the aftermarket than would be suggested by

the grey-market price.

When the grey market price is lower than the range midpoint (Regression 6) the

grey market price is less important in determining the aftermarket price, the bid-ask

spread and the issue size have no significant effect.

4.3. Aftermarket Volume. Table 4 reports the relation between the grey market

price and volume (Hypothesis 5). When the grey market price is high we should

expect a high turnover, because the institutional investors will sell their shares to the

retail investors who have a higher valuation. If instead the grey market price is low,

institutional investors will not want to sell them to retail investors at a lower price.

We should therefore expect lower trading volume.

In Table 4 we look at the volume both on the first day and the first week after

the IPO. We include an indicator function that takes a value of one when the grey-

market price is above the range midpoint. This captures the higher volume in those

states when the institutional investor would resell the shares to retail investors in the

aftermarket. Note that conditional on the grey-market price being higher than the

fundamentals we do not necessarily expect the volume to be further related to the

grey-market price (i.e., we expect a step function). Consistent with the model we

find a positive and statistically significant relation between volume and the indicator

function.

We also introduce first-day market return, issue price, and first-day market price

in the regressions. Even after controlling for these variables, the coefficient on the

indicator function is still positive and significant. This implies that the positive

relation between volume and the indicator function is not simply due to a high level

of trading in hot issues, since these three variables capture when an issue is “hot.”
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4.4. Long-Run Returns. We now consider how the grey-market price and the re-

sults of bookbuilding are related to long-run aftermarket returns.

Since the issue is priced above the fundamental value when the grey market price

is high, we should expect the price to revert towards the fundamental value in the long

run, i.e. we should expect negative long-run return. However, since the aftermarket

also includes fundamental information, we need to disentangle the temporary effect

of the grey market price on the aftermarket price from any other information.

The long-run returns are studied in Table 5. The dependent variable is the return

measured from the end of the first aftermarket trading day until 60, 90 or 180 trading

days later, less the return of the domestic stock market index. Note that this return

does not include the return from the IPO price to the aftermarket price on the first

day. The independent variables are the percentage difference between the grey-market

price and the midpoint of the range, and the percentage difference between the first-

day aftermarket price and the grey-market price. The variables are defined this way

because we expect the long-run returns to be related in different ways to the different

types of information aggregated into the share price.

We separate the two types of information as follows. Using the range midpoint

as the prior of the value of the shares, the difference between the publicly observed

grey-market price and the range midpoint reflects any information revealed through

grey market trade. In the interval between the final pre-IPO grey-market price and

the start of the aftermarket, bookbuilding is concluded and the issue price has been

set. Therefore, the difference between the immediate first-day aftermarket price and

the final pre-IPO grey-market price represents the change in valuation due to the rev-

elation of the bookbuilding information (assuming that no other information arrives

in the meantime). These two types of information add up to the total information

contained in the first-day aftermarket price.

Let us now explain why the long-run returns relate differently to the grey market

information and the bookbuilding information.

Our model assumes that when the grey-market price exceeds the fundamental
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value the first-day aftermarket price is close to the reservation price of grey-market

investors. To the extent that their reservation price is unrelated to the fundamental

value, the price should eventually revert to the fundamental value after some time,

and we should observe a negative relation between long-run returns and the difference

between the grey-market price and the range midpoint.

Bookbuilding information, by contrast, is assumed to be about fundamental value

and should remain in the long run. If so, the difference between the aftermarket price

and the grey-market price should not be reversed in the long run, that is, it should

not be negatively correlated with long-run returns.

The correlation between the long-run returns and the difference between the af-

termarket price and the grey-market price also sheds light on how the retail investors

update using the bookbuilding information. If investors fully update after observing

the information, there should be no correlation. If instead, as in our model, investors

only gradually update over time, then the movement from the grey-market price to

the first-day aftermarket price is only a partial movement towards the fundamental

value. As investors update further over time, the price continues towards the fun-

damental value. Thus, we should observe a positive correlation between long-run

returns and the difference between the aftermarket price and the grey-market price.

In Table 5, in addition to the full sample, we partition the sample based on whether

the grey-market price is above or below the range midpoint. The relation between

the long-run returns and the grey market information should hold only when the

grey-market price is high, since only in that case does the first-day aftermarket price

relate to the reservation value of the grey-market investors.

In the full sample, for all horizons, we find a statistically significant negative

relation between the grey-market price and the long-run return. This suggests that

non-fundamental information is transmitted from the grey market to the first-day

aftermarket and is reversed in the long run, as described above. Furthermore, this

negative relation only holds when the grey-market price is high. The coefficients range

from -0.13 to -0.23 indicating that only a fraction of the price difference between the

grey market and range midpoint is reversed. This can be interpreted as evidence that
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even the grey market contains some information about the fundamental value which is

not reversed. When the grey-market price is low, there is a positive relation between

the grey-market price and long-run returns, but it is not statistically significant.

In contrast, the percentage difference between the first-day aftermarket price and

the grey-market price is not negatively related to the subsequent long-run return. As

argued above, this is consistent with the hypothesis that the information in the book

pertains to the fundamental value and is not reversed in the long run. The coefficient

is almost always positive which would be consistent with investors updating only

gradually over time, but the statistical significance is weak.

Table 6 looks instead at the total long-run returns starting from when the range

price was set. Therefore, the dependent variable is the total move from the original

prior (i.e., the midpoint) to the long-run price. Starting from the original prior, in-

vestors first update using the grey market price (i.e. the opinion of the sentiment

investors) and then using the result of bookbuilding, which makes these sentiment

investors update from the grey market price to PAM using the information revealed

through the bookbuilding (i.e. information about the fundamental). Therefore, the

first independent variable is the percentage difference between the grey market price

and the midpoint of the range (and thus reflects mainly the sentiment investors’ opin-

ion) while the second independent variable is the difference between the short-run af-

termarket price and the grey market price (and mainly reflects the price movement due

to information about the fundamentals). Since all variables are normalized relative

to the midpoint, if all moves were permanent the coefficients would be 1.0. However,

transitory movements should have coefficients less than one due to the subsequent

reversal. On the other hand, if investors only update partially to new information,

i.e. show conservatism, the coefficients should be larger than 1.

In Table 6 we again look at the long-run prices after 60, 90 and 180 trading days.

We find that the coefficient of the difference between the grey market price and the

midpoint of the range is less than one (and statistically so for the 90 and 180 day

horizons). This suggests that the information in the grey market price is transitory

in nature and reverses over time. Note also that the coefficient on the grey market
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price declines as we lengthen the horizon suggesting that it takes time for the price to

reflect the fundamental value. The coefficient of the difference between the short-run

aftermarket price and the grey market price is greater than one (though significantly

so only for the 60-day horizon). Thus, not only is the information revealed by book-

building permanent, the aftermarket price only partially adjusts for this information,

i.e. aftermarket investors show conservatism. In fact, simply the result that the first

coefficient is smaller than the second coefficient shows that the price movements from

the prior (the midpoint) to the aftermarket price is due to two sources of information,

one of a fundamental nature (and thus permanent) and one of sentiment (and thus

transitory).

5. Allowing Informed Investors to Trade in the Grey Market

In Section 2 we assumed that bookbuilding investors (i.e. the informed investors)

were not allowed to trade in the grey market. We now present an extension of

the model in which they are allowed to trade. Our purpose is (a) to explain why

the underwriter appears to discourage bookbuilding participants from taking part in

the grey market (despite the argument above that the existence of the grey market

increases proceeds); and (b) to show that the empirical implications of the mechanism

we derived in Section 2 remain true when we relax this assumption.

When studying the effect of trading by bookbuilding investors in the grey market,

we assume that they are price-takers. In other words, their trades will not affect the

price. If their trades did affect the price, this would reduce their profits in the grey

market, and their incentives to trade in it. Under such an assumption, any effect of

allowing bookbuilding investors to trade in the grey market would be reduced.

The timing is as follows. First, both grey market investors and bookbuilding in-

vestors trade in the grey market. At the end of the grey market, the bookbuilding

investors, given their positions in the grey market, bid for shares in the bookbuild-

ing process. Given these bids of the bookbuilding investors and the observed grey

market price, the underwriter chooses the issue price and allocates the shares to the

bookbuilding investors. After the IPO, bookbuilding investors either sell the shares
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in the aftermarket or retain them to realize the fundamental value. If an investor is

net short, he covers his short position in the aftermarket. Although in practice book-

building and grey market trading take place simultaneously, this timing is consistent

with the fact that bookbuilding investors can change their bids until the last moment.

It is also consistent with the model in Section 2, where bookbuilding was conducted

given the grey market price, and with the empirical analysis, where we use the last

grey market price before the close of bookbuilding.

We proceed as follows. We start by assuming that the underwriter chooses the

price and allocates the shares using the mechanism described in Proposition 1. Given

that mechanism we then look at bookbuilding investors’ incentives to take a posi-

tion in the grey market and to announce their signals to the underwriter during the

bookbuilding process. If the incentive compatibility constraint is still satisfied, then

there is no problem. However, if in certain circumstances the incentive compatibil-

ity constraint is violated, the underwriter will have to modify the mechanism in a

revenue-decreasing way, and would explain the underwriter opposition to bookbuild-

ing investors trading in the grey market.

We solve the model backward: assuming that a bookbuilding investor (who ob-

serves a signal H or L) has taken a position (long or short) in the grey market, we look

at how his incentives to report the true signal change, given the position he has taken.

(In other words, we look at the incentive compatibility constraint to infer the signal

an informed investor will report.) Then, taking into account the optimal report, we

look at the investor’s choice between going long or short in the grey market, given

that he can anticipate what he will choose to report during bookbuilding. (Consistent

with the assumption that investors are price takers, we assume that investors can buy

or sell only γ < ∞ shares.)8

8In this section, for simplicity, we abstract from the fact that shares may be resold in the after-
market to retail investors at a discount λS and assume that bookbuilding investors expect to resell
shares to retail investors at a price P̂GM . However, the results can easily be extended to include such
discount. Introducing the discount λS implies that bookbuilding investors have one more reason to
short sell in the grey market rather than reselling in the aftermarket. In fact, by short selling they
can lock in the price PGM without discount. Our results would thus be stronger.
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Let us consider an informed investor who has observed a signal i = H. If he had

taken no position at all in the grey market, his incentive compatibility constraint

would be as in equation (15). Assume instead he has short sold γ shares in the grey

market. Then, constraint (15) becomes9

π S
2

[VH(H)− PH ] + (1− π)S [VM(M)− PM ] + γ[PGM − πVH(H)− (1− π)VM(M)]

≥ (1− π)Sk
2

[VM(L)− PL] + γ[PGM − πMax{M, P̂GM(M)} − (1− π)VM(L)]
(9)

The additional term on the left hand side can be explained in the following way.

The investor who short sold γ shares has received a price PGM for each share. If

he truthfully declares H, with probability π he will obtain S
2

and will deliver the γ

shares he short sold, at an opportunity cost of VH(H), and with probability (1 − π)

he is allocated S shares and will deliver γ shares at an opportunity cost VM(M). The

additional term on the right hand side (when he falsely declares L) is obtained in a

similar way. The only difference is that with probability π the investor will obtain 0

shares and will have to cover his short position in the aftermarket, by buying γ shares

at the aftermarket price PAM . If the updated belief of the grey market investors (P̂GM)

is larger than the fundamental value, then in the immediate aftermarket the price will

be P̂GM , while if it is lower than i we assume that the shares will trade at i (which

in this case is M). Note that assumption P̂GM(M) = PGM .

Given that in the original mechanism proposed in Proposition 1 the incentive

compatibility constraint was binding, the constraint will still be satisfied if and only

if

π
[
Max{M, PGM} −Max{H, P̂GM(H)}

]
≥ (1−π)

[
Max{M, PGM} −Max{M, P̂GM(L)}

]
.

This inequality will look different depending on the grey market price, PGM , and

on the updated beliefs of the grey market investors, P̂GM . However, by looking at the

9This equation is written for the case in which γ ≤ Sk
2 , as it will be shown. However, the case

with γ > Sk
2 are very similar.
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problem case by case one can check that this inequality is never satisfied. Therefore,

given the optimal mechanism characterized in Proposition 1, an investor who observed

a signal H and has short sold γ shares in the grey market will have an incentive to

lie and declare L instead.

If he has instead bought γ shares in the grey market, the incentive compatibility

constraint (15) will be modified accordingly. Once again we have to compare the two

additional terms in the incentive compatibility constraint:

γ [πVH(H) + (1− π)VM(M)− PGM ] ≥ γ [πVH(M) + (1− π)VH(L)− PGM ] .

The investor will declare the truth if and only if

π
[
Max{H, P̂GM(H)} −Max{H, PGM}

]
≥ (1−π)

[
Max{M, P̂GM(L)} −Max{M, PGM}

]
The left hand side of this inequality is always non-negative, while the right hand side

is always non-positive, so the inequality is always satisfied. Thus, an investor who

observed a signal H and bought γ shares in the grey market will have an incentive to

tell the truth and declare H.

Let us now consider an informed investor who has observed a signal L and has short

sold γ shares in the grey market. Once again we have to compare the two additional

terms in the incentive compatibility constraint. These terms are very similar to the

case of an investor of type H who took a short position, the only difference being the

opportunity cost of the shares. The condition for him to choose to declare the truth

(L) is:

π
[
Max{M, P̂GM(H)} −Max{M, PGM}

]
≥ (1−π)

[
Max{L, P̂GM(L)} −Max{L, PGM}

]

Analyzing the various possible cases one can see that this inequality is always

satisfied. Thus, an investor who observed a signal L and short sold γ shares in the

grey market will have an incentive to tell the truth and declare L.
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If he has instead bought γ shares in the grey market, the inequality becomes:

π
[
Max{M, PGM} −Max{M, P̂GM(H)}

]
≥ (1−π)

[
Max{L, PGM} −Max{L, P̂GM(L)}

]
The left hand side is always non-positive, while the right hand side is always non-

negative, thus the inequality is never satisfied. There is however an important dif-

ference from the case of the H type. For the case analyzed in Proposition 1, the

incentive compatibility constraint of the L type was not binding. Therefore even if

this inequality is violated, the L type may still prefer to tell the truth and declare L

(if the difference between the two additional terms is not too large).

The intuition of these results is the following. If grey market investors learn

at the end of bookbuilding that the value is M, their reservation value will remain

unchanged, while if they learn that the value is H (L), their reservation value will

increase (decrease). An informed investor who went long (short) in the grey market,

therefore, has incentive to report H in order to manipulate grey market investors’

beliefs upward.

Thus, an informed investor who went short in the grey market has incentive to

declare L in order to manipulate grey market investors’ beliefs downward, in the

hope of covering his short position at a lower price in the aftermarket. Similarly, an

investor who went long has an incentive to declare H.

We can now check whether a bookbuilding investor prefers to go long or short in

the grey market, when he takes into consideration that his position will affect how he

will behave in the bookbuilding process. Consider an investor who observed a signal

H. We have already shown that if he is long he will declare H, while if he is short he

will declare L. Since the original constraint was binding, he was already indifferent

between telling the truth or not, so we have to compare only the additional profits

from the grey market position. Thus, he will prefer to go long if and only if

πVH(H) + (1− π)VM(M)− PGM ≥ PGM − (1− π)VM(L)− πMax{M, PGM}
(10)
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If PGM < M this inequality is always satisfied, which implies that an investor who

observed H will go long and then declare the truth. However, for higher values of

PGM the inequality may be violated, depending on the value of the parameters. For

example, when PGM is high (so that P̂GM(L) > M) the investor would prefer to go

long (and tell the truth) if PGM − P̂GM(L) < P̂GM(H)−PGM , but he would prefer to

be short (and declare L) if PGM − P̂GM(L) > P̂GM(H)− PGM .10

Now consider an investor who observed a signal L. We have shown that if he is

short he will declare L, while if he is long he may declare H but only if the difference

in the two terms is sufficiently large. Let us assume for the moment that these profits

are sufficiently high. Then it is easy to prove that he chooses to buy if and only the

following condition is satisfied:

PGM − πPGM − (1− π)VL(L) ≥ πVM(H) + (1− π)VL(M)− PGM (11)

If PGM < L then the L type will always prefer to go long and declare H. When

PGM > L it depends on the value of the parameters.

In sum, the following cases may arise:

(i) If PGM < L the L type goes long and lies, while the H type goes long and tells the

truth.

(ii) If L < PGM < M, the H type will choose to buy (and tell the truth) and the L

type may choose to short sell (and tell the truth).

(iii) If PGM > M, both types may choose to short sell in the grey market. Then the

case for the low type remains the same as before (although his incentive compatibility

was never binding, so that is not a problem). The H type, instead, will find it more

appealing to lie, since grey market investors will update downward (with probability

1− π) enabling him to cover his short position in the aftermarket at a lower price.

10It is also possible to show that both the profits from going long and short are positive, so that
the investor will not prefer to stay out of the grey market.
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We have found that allowing the bookbuilding investor to trade in the grey market

will sometimes reinforce the incentive compatibility condition, but will sometimes

cause the condition to be violated. The more important case is when the investor has

observed a signal H, since that is the binding constraint that determines prices. If

the investor goes short, then he will violate the incentive compatibility condition by

falsely declaring L. This will directly result in lower revenue for the issuer because it

does not learn the true signal of H. Alternatively, if the investment banker anticipates

that the investor will choose to go short, he will design a different incentive-compatible

mechanism that will be revenue inferior.

This result rationalizes investment bankers’ efforts in some cases, particularly

when PGM is high, to discourage bookbuilding investors from participating in the

grey market.

6. Conclusions

We have developed a model that looks at the interaction between bookbuilding and

a grey market, under the assumption that bookbuilding investors have private infor-

mation about the fundamental value which they convey to the underwriter during

bookbuilding, while retail (or sentiment) investors also have information about the

fundamental value, but in addition they also overweight their information. The grey

market price conveys information about the retail investors’ valuation. When this

valuation is very high, the underwriter will price the issue close to the grey market

price (and above fundamental value), since he expects the bookbuilding investors to

be able to resell their share at that price. The empirical results provide support for

this theory.

32



Appendix 1: Proof of Proposition 1

Step 1. We focus on symmetric equilibria, i.e., informed investors are treated sym-

metrically. Define Ps̃B
≡ PI(sG, s̃B) as the issue price when the aggregate information

revealed through bookbuilding is s̃B. Define qu(s̃i, s̃j) as the quantity allocated to the

uninformed investor when the informed investors declare s̃i and s̃j, respectively. Also

define q(s̃i, s̃j) as the quantity allocated to informed investor i when he declares s̃i

and the other informed investor declares s̃j. The issuer chooses the mechanism in

order to maximize expected proceeds:

max
Ps̃B

,q
S

[
π2PH + 2π(1− π)PM + (1− π)2PL

]
(12)

subject to the individual rationality constraints

VsB
(sB) ≥ PI(sG, sB), (13)

the incentive compatibility constraint for informed investor i who observes a signal

si = H:

π S−qu(H,H)
2

[VH(H)− PH ] + (1− π) [S − qu(H, L)− q(L, H)] [VM(M)− PM ]

≥ πq(L, H) [VH(M)− PM ] + (1− π)S−qu(L,L)
2

[VM(L)− PL]
(14)

and the incentive compatibility constraint for informed investor i who observes a

signal si = L:

πq(L, H) [VM(M)− PM ] + (1− π)S−qu(L,L)
2

[VL(L)− PL]

≥ π S−qu(H,H)
2

[VM(H)− PH ] + (1− π) [S − qu(H, L)− q(L, H)] [VL(M)− PM ]
(15)

where the quantities are written so that the sum of the shares allocated to the two

informed investors and the uninformed investor is equal to S.

We proceed in the following way: we first ignore the second incentive compatibility

constraint (15) and find the optimal solution. We then check that this constraint is
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in fact non binding at the optimum.

Step 2. Since the number of shares sold is always equal to S and the issuer sets the

same price for all investors, the quantity allocated to each investor does not directly

affect proceeds. Thus, we choose the quantities to relax the incentive compatibil-

ity constraint (14) as much as possible since a less binding constraint will allow an

optimum with a higher price.

This is achieved by setting qu(H, H) = qu(H, L) = 0; qu(L, L) = S(1−k); q(H, H) =

S/2; q(H, L) = S; q(L, H) = 0; and q(L, L) = Sk/2. Substituting and dividing both

sides by S, the incentive compatibility constraint of a type H (equation (14)) becomes

[
π

2
[VH(H)− PH ] + (1− π) [VM(M)− PM ] ≥ (1− π)

k

2
[VM(L)− PL]

When this incentive compatibility constraint is binding, we can write it as

PH = VH(H) +
2(1− π)

π
[VM(M)− PM ]− 1− π

π
k [VM(L)− PL] (16)

If we substitute constraint (16) in the objective function we obtain that the issuer

max
Pi

S
[
π2VH(H) + 2π(1− π)VM(M)− π(1− π)kVM(L) + π(1− π)kPL + (1− π)2PL

]
(17)

subject to the individual rationality constraint (13).

The maximization function is increasing in PL, so it is optimal to set PL as high as

possible subject to the individual rationality constraint, i.e., PL = VL(L). The choice

of PH and PM is indeterminate, so we consider the example when PM = VM(M). The

incentive compatibility constraint thus implies PH = VH(H)− 1−π
π

k [VM(L)− VL(L)] .

Step 3. Now that we derived the optimal mechanism ignoring constraint (15), we

have to check that this constraint is not violated at the optimum. First of all, notice

that if we substitute in (15) the optimal quantities q and qu and issue price PI , the
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constraint can be rewritten as:

k [VM(L)− VL(L)] ≤ π

1− π
[VH(H)− VM(H)] + 2 [VM(M)− VL(M)]

(18)

where all terms in brackets are non-negative. Note that since k ≤ π
1−π

it is enough to

show that [VH(H)− VM(H)] ≥ [VM(L)− VL(L)] for the constraint to be satisfied.

To check whether this constraint is satisfied, we have to substitute the values of the

functions VsB
(·). Depending on the value of PGM these functions take different values.

In the next step we determine the different values of these functions for different ranges

of PGM . We can then proceed to check that constraint (18) is satisfied for all these

areas.

Step 4. The value of VsB
(·) depends on whether it is equal to the fundamental or the

resale value. We first determine when VsB
(·) is equal to the fundamental value.

For any sB and s̃B, VsB
(s̃B) = αsG + (1 − α)sB (the fundamental value) if and

only if

PGM ≤ (1− α̂)M +
α̂

α̂− α
[(1− α)sB − (1− α̂)s̃B + λS] ≡ B(sB, s̃B)

(19)

Proof: Since PGM = EG(v | sG) = α̂sG + (1 − α̂)E(sB) we can derive that

sG = 1
α̂
[PGM − (1− α̂)M ].

From the definition of VsB
(s̃B) in (8), VsB

(s̃B) = αsG + (1− α)sB if and only if

αsG + (1− α)sB ≥ α̂sG + (1− α̂)s̃B − λS

substituting for sG and rearranging the terms gives (19).

Step 5. Let us distinguish three different areas:

1) PGM ≤ B(M, H).

2) PGM > B(M, L).
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3) B(M, H) ≤ PGM < B(M, L).

where B(M, H) < B(M, L) since, from (19), B(sB, s̃B) decreases with s̃B.

In the first area, from equation (19), VM(L) = VM(H) = FM and VH(H) = FH ,

where FsB
≡ αsG + (1 − α)sB (i.e., the fundamental value). Thus the constraint is

satisfied if (FM −VL(L)) ≤ (FH −FM). Since VL(L) ≥ FL it is sufficient to show that

(FM − FL) ≤ (FH − FM). Substituting for FsB
we obtain

(1− α)(M − L) ≤ (1− α)(H −M)

Since M − L = H −M, it is satisfied with an equality.

In the second area VM(L) = VL(L) = P̂GM(L) − λS. Thus the left hand side is

equal to 0 and since the right hand side is always non-negative, the constraint is

satisfied.

In the third area, VM(L) = FM , VH(H) = FH , VL(L) = P̂GM(L)−λS and VM(H) =

P̂GM(H)− λS. Thus the constraint is satisfied if

[FM − P̂GM(L) + λS] ≤ [FM − P̂GM(H) + λS]

substituting for FM , P̂GM(L) and P̂GM(H) the constraint is satisfied if α̂ ≥ 1+α
2

, which

is true by assumption.

Step 6. Now that we have checked that the incentive compatibility constraint of

type L is indeed satisfied, we are sure the solution we found is indeed the optimal

mechanism. The expression are written in terms of the functions VsB
(s̃B), which

depend on PGM . Therefore the mechanism looks different over different ranges of

PGM . If one wants to know exactly how the mechanism looks for different ranges of

values of PGM it is enough to substitute the actual values of the functions VsB
(s̃B).

36



References–Incomplete

Aussenegg, W., P. Pichler, and A. Stomper, 2002, “Pricing with bookbuilding and a

when-issued market,” mimeo, Boston College.

Barberis, N., A. Shleifer, and R. Vishny, 1998, “A model of investor sentiment,”

Journal of Financial Economics 49, 307-343.

Bennouri, M., and S. Falconieri, 2003, “Price versus Quantity Discrimination in Op-

timal IPOs,” mimeo, Tilburg University.

Benveniste, L.M., and P.A. Spindt, 1989, “How investment bankers determine the

offer price and allocation of new issues,” Journal of Financial Economics 24, 343-61.

Benveniste, L.M., and W.J. Wilhelm, 1990, “A comparative analysis of IPO proceeds

under alternative regulatory environments,” Journal of Financial Economics 28, 173-

207.

Biais, B., and A.M. Faugeron-Crouzet, 2002, “IPO auctions: English, Dutch, ...French,

and Internet,” Journal of Financial Intermediation 11, 9-36.

Busaba, W., and C. Chang, 2002, “Bookbuilding vs. fixed-price revisited: The effect

of aftermarket trading,” mimeo, University of Western Ontario.

Cornelli, F., and D. Goldreich, 2003, “Bookbuilding: How informative is the order

book?” Journal of Finance, forthcoming.

Dorn, D., 2002, “Does sentiment drive the retail demand for IPOs?” mimeo, Columbia

University.

Harris, M., and A. Raviv, 1993, “Differences of opinion make a horse race,” Review

of Financial Studies 6, 473-506.

Ljungqvist, A., T.J. Jenkinson, and W.J. Wilhelm, 2003, “Global integration in pri-

mary equity markets: The role of U.S. banks and U.S. investors,” Review of Financial

Studies 16, 63-99.

Ljungqvist, A., and W.J. Wilhelm, 2002, “IPO allocations: Discriminatory or discre-

tionary?” Journal of Financial Economics 65, 167-201.

37



Ljungqvist, A., V. Nanda, and R. Singh, 2002, “Hot markets, investor sentiment, and

IPO pricing,” mimeo, New York University.
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Table 1:  Descriptive Statistics of IPOs with Available Grey Market Prices  
We have grey market prices for 435 (most European) IPOs completed between November 1995 and December 2001. Sample companies come from the 
following 19 countries: Austria (13), Belgium (1), Canada (1), Denmark (1), Finland (2), France (13), Germany (295), Greece (2), Ireland (2), Israel (7), Italy 
(57), Lithuania (1), Luxembourg (1), Netherlands (11), Spain (5), Sweden (2), Switzerland (3), the United Kingdom (14), and the United States (4). The table 
shows descriptive statistics for the sample as a whole as well as broken down by the twelve countries on whose exchanges sample companies list. We also show, 
for each listing country, the first and last date for which we have an IPO with grey market prices. This sample window varies from country to country. The 
sample for which we have grey market prices is a subsample of the 2,459 IPOs completed in the twelve listing countries shown between November 1995 and 
December 2001. Gross proceeds are shares sold (including the overallotment option if exercised) times the offer price, converted into U.S. dollars using 
exchange rates on the first trading day. Initial returns are computed using the closing price on the first trading day. Quoted half spread refers to the quoted bid-ask 
spread in the grey market, just before the IPO offer price is set. It is computed as half the difference between the bid and the ask divided by the midpoint of the 
spread.  
 

 Sample window  No. of IPOs…  Gross proceeds ($m)  Initial return (%)   Fraction  
Grey market 
prices rel. to

  first date last date 

w/ grey 
market 
prices

during 
sample 

window

in Nov 
‘95-Dec 

2002 mean median   mean st.dev.

Quoted 
half spread 
(%), mean

priced at 
high end 
of range

midpoint of 
price range, 
mean (%)

       
Total 
 

Nov 1995 
 

Dec 2002
 

 435 1,452 2,459  331.8 50.9  35.00 65.14  5.0 
 

 55.2 
 

 39.8 
              

                  
2 18 24
1 1 38
2 22 57

  

  2 23 63

1 1 56
5 12 37
2 23 92

   
               

By country of listing 
Austria Nov 1997 Nov 2000   654.5 654.5  -2.42 6.79  6.9  0.0  5.1 
Denmark Oct 2000 Oct 2000   151.0 151.0  -8.58              4.8  0.0  -10.8 
Finland Dec 1998 Dec 1999   336.1 336.1  92.29 122.56  1.4  0.0  56.7 
France Oct 1997  Dec 2001  14 409 518  1,718.2 649.9  7.40 12.71  4.3  42.9  23.6 
Germany Nov 1996 Jul 2001  334 481 493  169.2 41.6  39.20 67.42  5.2  62.9  45.2 
Greece Oct 2000  Dec 2001  1  423.4 423.4  -4.60 0.62  0.0  0.0  -7.3 
Italy Nov 1995 Dec 2001  57 127 127  625.3 106.1  21.28 65.35  4.5  29.8  14.5 
Netherlands Mar 2000 Mar 2000   2,829.0 2,829.0  0.47              0.0  100.0  117.9 
Spain Jun 1999 May 2001   1,316.5 915.7  10.29 13.30  3.8  20.0  7.8 
Sweden Jun 2000 May 2001  1  3,913.5 3,913.5  9.88 8.16  0.9  50.0  19.2 
United Kingdom Apr 1999 Jul 2001  13 335 754  537.6 262.2  33.94 41.95  1.8  23.1  133.3 
United States 
 

Sep 1999 
 

Mar 2000
 

 2 135.4 135.4  44.76 32.56  7.3 
 

 50.0  70.7 
 

 



Table 2:  Determinants of the Offer Price 
The dependent variable in these regressions is the IPO offer price normalized by the midpoint of the range. 
The main explanatory variables are the last grey market price before the offer price was set (also 
normalized by the midpoint of the initial price range), the last bid-ask spread in the grey market (divided by 
its midpoint), and the logarithm of the IPO proceeds. To capture non-linearities, we define an indicator 
function set to one when the grey market price is above the midpoint of the initial price range. All 
regressions control for the domestic market returns and volatility in the ten-day period prior to the pricing 
date, and the average underpricing in (domestic) IPOs in the prior 30 days. We use censored regressions 
because European IPOs are rarely priced outside the initial price range. However, the large number of 
censored regressions leads to a pseudo-R2 of about 100% for all regressions. Grey market prices are 
available for 427 IPOs. However, the bid-ask spread is available only for 408 IPOs. White 
heteroskedasticity consistent t-statistics are in parentheses. 
      
 (1) (2) (3) (4) (5) 
   
Grey Market Price 0.24 0.27 0.28 0.27 0.35 
 (4.30) (4.60) (4.66) (4.37) (5.55) 
      
Grey Market Price 0.17 0.15 0.15 0.19 0.14 
x Indicator(GM Price > midpoint) (7.46) (6.38) (6.44) (5.95) (6.08) 
      
Grey Market Bid-Ask Spread  -0.44    
  (-3.66)    
      
Grey Market Bid-Ask Spread     -0.48 
x Grey Market Price     (-4.12) 
      
Log gross proceeds  -0.01   -0.01 
  (-1.47)   (-1.56) 
      
Grey Market Bid-Ask Spread   -0.10 -0.04  
x Log gross proceeds   (-3.54) (-1.04)  
      
GM Bid-Ask Spread x Proceeds    -0.11  
x Indicator(GM Price > midpoint)    (-1.98)  
      
Lagged Underpricing 0.06 0.10 0.10 0.11 0.11 
 (2.10) (3.19) (3.18) (3.27) (3.27) 
      
Market Index Return -0.35 0.02 0.04 0.06 0.02 
 (-0.15) (0.10) (0.15) (0.24) (0.08) 
      
Market Index Volatility -1.54 -1.20 -1.21 -1.30 -1.19 
 (-2.63) (-1.98) (-2.00) (-2.11) (-1.98) 
      
Pseudo R2 99.9 % 100.0 % 101.6 % 102.6 % 102.6 % 
Number of observations    427 408 408 408 408 
      



Table 3: Determinants of the First-Day Aftermarket Price 
 
The dependent variable in these regressions is the stock price at the end of the first day of aftermarket trading, normalized by the midpoint of the range. The 
explanatory variables are the last grey market price before the offer price was set and the offer price (both normalized by the midpoint of the initial price range). 
Domestic market returns from the time of the last grey market price until the end of the first day of aftermarket trade are included as a control. We lose on 
observation for which we do not know the precise pricing date. White heteroskedasticity consistent t-statistics are in parentheses. 
 
                  Reg 1 Reg 2 Reg 3 Reg 4 Reg 5 Reg 6
           
         
  

(Grey market > (Grey market ≤
range midpoint)
 

 range midpoint)
         

Grey Market Price
 

           
         

           
            

           
          

         

        
         

           
         

           
         

           

          
             

0.97 0.95 0.92 0.95 0.56
(14.48) (12.51) (8.81)  (11.89) (3.25)

Grey Market Price 0.03
x Indicator(GM Price > midpoint) (0.67)

Issue Price
 

3.01 0.33 0.27 0.26 0.48
(10.73) (1.66) (1.32) (0.73) (2.26)

Grey Market Bid-ask Spread 
 

-0.68  0.52  -0.57  -0.57  -0.87 -0.07 
(-1.81) (0.98) (-1.43) (-1.43) (-1.36) (-0.47)

Log proceeds 
 

-0.04  -0.04 -0.04 -0.04 -0.06 -0.01
(-2.84) (-1.54) (-3.09) (-3.06) (-3.00) (-1.36)

Log age
 

0.02 -0.03 0.01 0.01 0.02 0.00
(0.82) (-0.79) (0.77) (0.75) (0.77) (0.14)

Constant
 

-0.83 -2.65 -1.11 -1.04 -0.95 -1.08
(-5.66) (-8.16) (-7.14) (-5.50) (-2.46) (-8.18)

Country/year fixed effects 
 

Yes  Yes  Yes  Yes    Yes Yes 
Adjusted R2 77.2% 17.8% 77.3% 77.3% 72.4% 64.6%
Number of observations 408 408 408 408 301 107



Table 4: Aftermarket Volume 
 
The dependent variable in these regressions is the natural logarithm of first-day volume (as a percentage of the shares sold in the IPO). The main explanatory 
variable is the last grey market price before the IPO (normalized by the midpoint of the initial price range). To capture possible non-linearities, in Regressions 2 
and 3 we also include the grey market price times an indicator function set to one when the grey market price is above the range midpoint. Regression 3 also 
includes domestic market returns over the bookbuilding period as a control. White heteroskedasticity consistent t-statistics are in parentheses. 
 
  Log first-day volume  Log first-week volume 
      (1)    (2) (3) (4)    (5) (6)
             
Indicator(GM Price > midpoint) 
 

 1.10 0.74    
      

      
     

      
      

       
       

     
       
       

     

     

 0.61  1.01 0.57 0.45
(7.56) (3.55)  (3.03)  (8.53) (3.23) (2.64)

Market Returns (pricing to first-day) 
 

4.57  3.43 4.07 2.95
 (0.87) (1.12)  (1.14) (0.87)

Issue Price 1.51  1.00 1.80 1.29
 (1.41) (2.08)  (2.69) (2.03)

After-market price 0.32 0.32 
 (3.71) (4.09) 

Constant  -2.40 -4.43  -4.08  -1.71 -3.67 -3.32
(-19.26) (-7.20)  (-6.90) 

 
 (-17.55) (-6.50) (-6.28)

  
Country/year fixed effects  No Yes  Yes  No Yes Yes
Adjusted R2  11.8 % 22.0 %  24.2 %  13.2 % 23.4 % 26.3 % 
Number of observations 
 

 422
  

422
  

 422 
  

 
 

422
 

422
  

422
  



Table 5.  From Initial Range to Long-Run Prices 
 
The dependent variables are the long-run returns, relative to the first-day trading price, measured over the first 60, 90 or 180 trading days. White 
heteroskedasticity consistent t-statistics are in parentheses. 
 
 Full sample Grey market > range midpoint Grey market ≤ range midpoint 

Horizon: 60 days  90 days  180 days 60 days  90 days  180 days 60 days  90 days  180 days 
 (1)  (2)  (3)    

 
(4)  (5)  (6) (7)

 
 (8)  (9) 

 
Grey Market Price – Range Midpoint -0.11         

     
         
          

-0.17 -0.22 -0.13  -0.20 -0.23 0.64 0.60 0.93
                Range Midpoint (-3.18) (-3.32) (-3.87) (-2.98)  (-2.98)

 
(-3.42) (1.55) (0.89) (1.39)

 
 
Aftermarket Price – GM Price          

         
         
          

          
         

          
           

          

         
          

0.40 0.60 0.32 0.31  0.43 0.33 1.43 2.80 -0.18
                   GM Price (2.55) (2.31) (1.32) (1.92)  (1.60)

 
(1.29) (1.71) (1.78) (-0.18)

 
 
Constant 0.13 0.17 0.23 0.13  0.17 0.23 5.18 4.40 5.79
 (566.96) (482.12) (602.62) (431.26)  (375.55)

 
(502.80) (53.82) (25.19) (51.79)

Country/year fixed effects Yes Yes Yes Yes  Yes Yes Yes Yes Yes
Adjusted R2 12.7 % 7.3 % 16.9 % 1.6 %  3.5 % 8.7 % 52.6 % 24.2 % 37.6 % 
Number of observations 424 424 423 310  310 309 114 114 114
 
 



Table 6:  From Initial Range to Long-Run Prices 
 
The dependent variables in these three regressions are:   Long Run Price – Range Midpoint    for various horizons. 
        Range Midpoint    
 
The explanatory variables are the percentage change from the range midpoint to the grey market price, and the additional percentage change from 
the grey market price to the aftermarket price. We also include the market index returns as a control. Coefficients of the intercepts are not reported. 
White heteroskedasticity consistent t-statistics are in parentheses. 
 
            
      
      

          

Reg 1  Reg2  Reg3 
(60-day horizon)  (90-day horizon)  (180-day horizon)

 
Grey Market Price – Range Midpoint  0.85  0.79  0.54 
 Range Midpoint    

          
(9.2)  (5.2)  (4.7) 

 
Aftermarket Price – Grey Market Price  1.74  2.21  1.47 
 Range Midpoint   

          
   

      
          

    
   

    (5.9)  (2.9)  (4.1) 
 
Market Index Returns 4.22  6.4  3.34 

(6.0)  (5.0)  (8.1) 
 

Adjusted R2 51.5%  39.2%  33.8% 
Number of observations 386  386  386 
 



FIGURE 1: The issue price in the optimal mechanism 
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