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The underpricing of initial public offerings (IPOs) is generally explained with asym-
metric information and risk. We complement these traditional explanations with a
new theory where investors worry also about the after-market illiquidity that may
result from asymmetric information after the IPO. The less liquid the aftermarket is
expected to be, and the less predictable its liquidity, the larger will be the IPO
underpricing. Our model blends such liquidity concerns with adverse selection and
risk as motives for underpricing. The model’s predictions are supported by evidence
for 337 British IPOs effected between 1998 and 2000. Using various measures of
liquidity, we find that expected after-market liquidity and liquidity risk are important
determinants of IPO underpricing.

The underpricing of the shares sold through initial public offerings (IPOs)
is generally explained in the literature with asymmetric information about
the security’s value and with its fundamental risk. For the IPO to attract
sufficient interest, the issuer must leave enough “money on the table” to
compensate investors for the uncertainty about the security’s value. How-
ever, until now the literature has largely disregarded how after-market
liquidity may impact on the IPO underpricing. This is a striking omission
in view of the established evidence that the returns of seasoned securities
include a liquidity premium. One would expect such premium to be paid
also by stocks in the process of being floated. Moreover, at the PO stage,
investors do not know precisely how liquid the aftermarket will be. This

We thank the editor, an anonymous referee, Walid Busaba, John Chalmers, Venkat Eleswarapu, Carlo
Favero, Craig Holden, Eugene Kandel, Jonathan Karpoff, Tullio Jappelli, Alexander Ljungqvist, Andy Lo,
Stewart Myers, Kjell Nyborg, Mario Padula, Lubos Pastor, Kristian Rydqvist, Jos van Bommel, and
Ingrid Werner for useful discussions and comments. We also thank seminar participants at Bocconi,
Indiana, MIT, Ohio State, the 2002 Yale-Nasdaq-JFM Market Microstructure Conference, the Bocconi
University conference on Risk and Stability in the Financial System, the FEEM conference on Auctions
and Market Design, and the FIRS Conference on Banking, Insurance and Intermediation. We acknowl-
edge financial support from the Ttalian National Research Council (CNR) and the Italian Ministry of
Education, University and Research (MIUR). This article is produced as part of a CEPR research network
on The Industrial Organization of Banking and Financial Markets in Europe, funded by the European
Commission under the TMR Programme (contract no. ERBFMRXCT980222). Address correspondence to
Marco Pagano, Department of Economics, Universita di Napoli Federico II, Via Cintia, 80126 Napoli,
Italy, or email: mrpagano@tin.it.

© The Author 2006. Published by Oxford University Press on behalf of The Society for Financial Studies. All rights
reserved. For permissions, please email: journals.permissions@oxfordjournals.org.
doi:10.1093/rfs/hhj018 Advance Access publication January 20, 2006



The Review of Financial Studies | v 19 n 2 2006

suggests that they will not only care about expected liquidity but also
about the uncertainty about it, that is, about liquidity risk.

Our article fills this gap. It complements traditional explanations with
theory and evidence showing that after-market liquidity is an important
determinant of IPO underpricing. We provide a model showing that an
TPO that is expected to be more illiquid and to have higher liquidity risk
should feature higher underpricing. We model after-market illiquidity as
stemming from the asymmetric information that persists after the IPO
stage. Equilibrium stock returns must compensate investors for the losses
expected from trading with better informed investors and for the asso-
ciated risk. In the model, there are two types of private information: a
signal that becomes public as soon as shares start trading after the IPO
and some residual private information that is disclosed at some later date.
The first type of private information creates the standard adverse selec-
tion problem at the TPO stage while the second determines an adverse
selection problem in the aftermarket and is reflected in the bid-ask spread.
IPO underpricing will impound also the costs caused by the latter to the
extent that some investors expect to liquidate their shares in the after-
market. One example of these investors are the so-called flippers, who buy
the stock at the TPO with a view of selling it immediately after. Such
investors will require compensation for the trading cost that they expect
to incur, as well as for the associated uncertainty, just as they would for a
random transaction tax. The correlation between IPO underpricing and
after-market liquidity should therefore be stronger in markets where
many initial investors are flippers.

The amount of private information that remains undisclosed after the
IPO depends partly on how much information is released at the IPO
stage, which is in turn related to the type of IPO mechanism used. Busaba
and Chang (2002) show that the bookbuilding process elicits much infor-
mation from informed traders at the IPO stage by promising larger
allocation of valuable stocks to investors who truthfully reveal their
information and therefore reduces the impact that such informed traders
have in the after-market trading. In contrast, the fixed-price method, that
does not elicit such private information at the IPO stage, enables
informed traders to use such information in the aftermarket at the
expense of the uninformed. The comparatively high adverse selection
problems associated with the fixed-price method will spill over from the
IPO stage to the aftermarket. This in turn means that liquidity will be
relatively more important for IPOs carried out through a fixed-price
method than through bookbuilding. This suggests that the empirical
analysis must control for the IPO mechanism.

Our model nests the predictions about the effects of after-market
liquidity on IPO underpricing with those of traditional models. We test
for the presence of these liquidity effects on IPO underpricing, controlling
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for the variables suggested by other theories of IPOs. Our sample includes
all the companies that went public on the London Stock Exchange (LSE)
between June 1998 and December 2000.

We rely on British data because they are uniquely suited for a test of
our hypothesis. First, unlike US markets, the London aftermarket does
not feature pervasive underwriter stabilization. British investment banks,
being more specialized than their US counterparts, seldom have market-
making capabilities beside advisory and sponsoring skills (Ljungqvist
2002). In contrast, US IPOs feature pervasive underwriter stabilization
where the lead underwriter always becomes the most active dealer in the
issue (Aggarwal 2000; Ellis, Michaely, and O’Hara 2000a). Stabilization
can artificially enhance liquidity, generating a spurious relationship
between underpricing and aftermarket liquidity. Furthermore, underwri-
ter stabilization per se could account for IPO underpricing, by reducing
the occurrence of initial negative returns (Ruud 1993).

Second, British ITPOs are mostly done through the fixed-price method:
this, as just argued, should make the correlation between after-market
liquidity and PO underpricing stronger than in a setting where book-
building is prevalent such as in the United States.

Third, our tests require accurate measurement of the bid-ask spread
and of its intradaily variation. The LSE high-frequency data are more
suited to this purpose than US publicly available data, in that they
precisely identify the direction of trades occurring in the aftermarket. In
contrast, in high-frequency data for US stocks (such as the Trade and
Quote database) the direction of trades can only be inferred by using
algorithms that are known to introduce errors in the measurement of
liquidity. Existing literature (Finucane 2000; Ellis, Michaely, and O’Hara
2000b) shows that such algorithms have only limited success in classifying
aftermarket trades (especially those executed within the best quotes)
leading to biased estimates of effective spreads especially when high
volumes are transacted. Such problems are not encountered in the LSE
data set.

In line with our model and previous microstructure studies, we focus on
measures of liquidity variables that are related to asymmetric information
in the trading process: the probability of informed trading (PIN) pro-
posed by Easley et al. (1996) and the adverse selection component of the
spread. As a robustness check, we also use the effective bid-ask spread
itself. Our main empirical challenge is to estimate the market’s expecta-
tion of after-market liquidity and of its variability, conditioning on infor-
mation known at the time of the IPO. We use various methods to tackle
this issue.

Consistent with our hypotheses, we find that IPO underpricing is
higher for shares featuring lower expected liquidity and higher liquidity
risk. The effects of liquidity variables are found to be robust to the
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inclusion of the other factors traditionally used to explain IPO under-
pricing, that is, variables capturing asymmetric information (such as
venture capitalist presence, underwriter reputation, number and proceeds
of recent IPOs and insiders’ options holdings), fundamental risk (such as
age of firm, total assets and standard deviation of the after-market mid-
quote). The effect of liquidity is also robust to the use of alternative
econometric methodologies.

To gain perspective, it is useful to set our contribution against the
background of the literature. Many models explain PO underpricing
with some form of information asymmetry about the true value of the
IPO shares. In Baron (1982), the issuer knows less about the true value of
the company than the investment bank entrusted with the sale, whereas in
Benveniste and Spindt (1989) the issuing firms elicit information from
investors through their bank’s bookbuilding effort. In Rock (1986), the
information asymmetry is among potential PO investors: some are
“informed” and others “uninformed,” generating a winners’ curse pro-
blem. The informational asymmetry may also induce investors to rely on
other buyers’ behavior in placing their bids, leading to an informational
cascade. This happens in Welch (1992), where issuers underprice PO
shares to attract some potential investors in the IPO, whose bids will in
turn attract other investors.

Little attention has been instead devoted to the link between secondary
market liquidity and IPO underpricing. The only exception is the study by
Booth and Chua (1996), who suggest that IPO underpricing aims to elicit
the interest of a target number of potential investors. They assume that
enlarging the pool of dispersed sharecholders raises the valuation of the
firm, by creating liquidity in the aftermarket, but requires attracting
investors with higher information collection costs. The optimal price
will weigh the liquidity benefit of added investor participation against
its cost. Our article turns this argument on its head. Because different IPO
shares feature different after-market liquidity, the IPO underpricing
required to attract uninformed investors differs accordingly. The causal-
ity runs from aftermarket liquidity to IPO underpricing, contrary to
Booth and Chua’s logic. Also the predicted sign of the correlation
between the two variables is opposite: higher underpricing should lead
to greater liquidity according to Booth and Chua (1996) while greater
liquidity calls for lower underpricing in our model. Finally, a distinctive
prediction of our model is that underpricing should reflect also liquidity
risk.

So far, the relationship between returns and liquidity has been analyzed
mainly with reference to seasoned securities. Many studies argue that ill-
iquid securities provide investors with a higher expected return to com-
pensate them for the larger trading costs they have to bear. The first paper
to model and test this relationship is Amihud and Mendelson’s (1986).
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Other studies find a significant cross-sectional association between liquidity
(as measured by the tightness of the bid-ask spread or trading volume) and
asset returns, controlling for risk: among these, Brennan and
Subrahmanyam (1996); Eleswarapu (1997); Datar, Naik, and Radcliffe
(1998); and Chordia, Roll, and Subrahmanyam (2000). More recently,
some studies have investigated also the relationship between liquidity risk
and stock returns: while Chordia, Subrahmanyam, and Anshuman (2001)
find a negative relationship between returns and the variability of trading
volume, Pastor and Stambaugh (2003) document a positive cross-sectional
relationship between systematic liquidity risk and stock returns.
Butler, Grullon, and Weston (2005) examine seasoned equity issues and
find that firms with more liquid shares pay lower investment banking fees
and therefore raise capital at more advantageous terms. Closer to the
main idea of our model, Easley, Hvidkjaer, and O’Hara (2002) find that
information risk, as measured by the probability of trading with informed
traders, is a risk factor that is priced by the market.

Liquidity affects also the returns of fixed-income securities, according
to several studies.! Among these, the closest paper to ours is by Goldreich,
Hanke, and Nath (2005), who investigate the impact of expected liquidity
on current securities’ prices. They analyze the prices of Treasury securities
as their liquidity changes predictably, in the transition from on-the-run to
the less liquid off-the-run status. They show that more liquid securities
command higher prices, but this liquidity premium depends on the
expected future liquidity over their remaining lifetime rather than on
their current liquidity.

Our article can be seen as extending the insights from this literature to
the primary equity market. If seasoned securities pay a liquidity premium,
it is reasonable to expect also stocks on the primary market to pay such
premium—especially if the market for IPO shares is much less liquid than
that for seasoned issues, as we find empirically. Moreover, for IPO shares
liquidity is also an additional source of uncertainty, more than for seasoned
securities. [PO investors do not know yet how liquid the aftermarket will be
and therefore will want to be compensated also for liquidity risk.

This article is organized as follows. Section 1 presents a model nesting
the impact of liquidity on IPO underpricing with more traditional the-
ories and providing the basis for our empirical tests. Section 2 reviews the

Amihud and Mendelson (1991) show that the yield to maturity of treasury notes with six months or less to
maturity exceeds the yield to maturity on the more liquid treasury bills. Other studies on US public debt
securities by Warga (1992), Daves and Ehrhardt (1993), Kamara (1994), and Krishnamurthy (2002)
confirm these findings. However, using more recent data, Strebulaev (2001) finds that the yield spread
between bills and matched notes is much smaller than previously found, especially when bills are on-the-
run. Some studies apply the same idea by comparing securities with identical cash flows but different
trading opportunities. Silber (1991) compares stocks with different trading restrictions. Dimson and
Hanke (2001) examine equity-linked bonds with the same cash flows as an investment in an equity index
and find that they sell at a discount relative to their underlying value, which can be attributed to the their
low liquidity.
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data and presents the measures of liquidity used in the estimation. Section
3 presents the empirical methodology and illustrates the results. Section 4
concludes.

The Model

In this section, we develop a simple theoretical model to explain the
relationship between after-market liquidity and PO underpricing and
derive the hypotheses to be tested. In this model, there are three stages:
at t = 0, the ITPO occurs; at r = 1, the company’s shares are traded on the
aftermarket, and at ¢t = 2, the shares are liquidated (or can be traded) at
their fundamental value. The time line in Figure 1 illustrates these three
stages and describes the information and actions of market participants at
each stage.

The model captures the presence and interaction of two distinct adverse
selection problems: that affecting the primary market [as in the classic
model of TPO underpricing by Rock (1986)] and that determining sec-
ondary market liquidity [as in the equally classic model by Glosten and
Milgrom (1985)]. In the model’s baseline version, developed assuming
risk neutrality, IPO underpricing is determined not only by adverse
selection in the TPO process, but also by the magnitude of the spread in
the aftermarket. When uninformed investors are assumed to be risk
averse, IPO underpricing is also affected by fundamental risk, by its
interaction with adverse selection in the IPO and with the after-market
spread, and by a quadratic term in the bid-ask spread. Finally, we extend
the model to encompass also liquidity risk, assuming that at the IPO stage

IPO STAGE:
« M investors are uninformed
« N investors know

« Each buys | share at offer
price Fy

Figure 1
Time line of the model.
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AFTER-MARKET STAGE:
« ii] becomes publicly known.

« Date-0 investors must
liquidate with probability z.

« Noise traders buy with
probability x.

» With probability O a trader
observes 5 .

» Competitive risk neutral
dealers set bid price IN’IB and

ask price ]31’4 .

[ ]
v

LIQUIDATION STAGE:
« 1ip becomes publicly known.

* Shares are liquidated at their
fundamental value:

Py=V+ i)+ iy
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investors do not know the precise level of the after-market bid-ask spread.
In this extended version, IPO underpricing is also increasing in liquidity
risk: investors require compensation not only for the expected level of
trading costs in the aftermarket, but also for their variability.

Before turning to the model, it is worth noting that its results would be
qualitatively unchanged if the bid-ask spread resulted from the inventory
holding costs or order processing costs of dealers, rather than information
asymmetries. Our modeling focus on the latter is dictated by the idea that
information asymmetries are likely to be particularly large in trading after
the IPO, when much learning about fundamentals is still to occur and the
risk of future private information is largest. This idea is consistent with
the evolution of both the PIN measure and the adverse selection compo-
nent of the spread, which both decline steadily in the first weeks after the
IPO, as will be seen in Section 2.

1.1 Information structure

The company’s fundamental value is ¥ = V+ ii,+il», where V is a posi-
tive constant and #; and i, are independently distributed random vari-
ables that represent “news” publicly disclosed at stages 1 and 2,
respectively.? The variable #; equals —7 or 1 with probability 1/2 each:
if 7; = n the company is disclosed to be of high quality in after-market
trading, whereas if 7#; = —n the company is revealed to be of low quality.
Similarly, @, equals —e or e with probability 1/2 implying that in after-
market trading there is still some residual uncertainty about the final
value of the company. Therefore, the expected value of a share based
only on public information is Vatt=0, V+ i, att =1, and V+ i; + >
att = 2.

Some investors base their actions not only on public, but also on
private information, at the IPO stage as well as in after-market trading.
At t = 0, the investors who can buy the company’s shares are of two types:
while M of them are uninformed, N have advance knowledge of the
realized value of #j, that is, know the company’s quality. Similarly, at
t = 1, with probability Q a trader has advance information about the
realized value of il», that is, knows the company’s final value and conditions
his orders on such information. The sequence of events and the evolution
of the information structure are shown in Figure 1.

Investors can become informed at 7 = 1 irrespective of whether they bought shares at the IPO stage or
not, but we do not rule out that private information may reside with the same people both at the IPO
stage and at the after-market stage. In this case, however, we require that the two signals that they observe
at these two moments be uncorrelated and short-lived pieces of information, in that each of them becomes
public in the subsequent period. If instead the two signals were correlated and contained long-lived
information, informed investors would have a nontrivial choice between exploiting their private informa-
tion at the IPO stage and doing so in after-market trading: Busaba and Chang (2002) explore this setting.
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1.2 Primary and secondary market structure

The primary market is modeled as in Rock’s model. The company sells an
exogenous number of S shares in the IPO. It maximizes the IPO sale revenue
PyS by choosing the highest offer price Py consistent with selling all S
shares. If possible, the S shares are sold by filling all the bids made at the
preset price Py; otherwise, they are allocated through a lottery that gives the
same probability of receiving one share to each bidder. The uninformed
investors are wealth constrained: each of them can buy at most one share
with his initial wealth (plus any credit he can obtain), at the equilibrium price
Py. Investors cannot buy fractional values of a share in the IPO.

Uninformed investors are sufficiently numerous that they can buy all
the shares on sale if they all bid (M > S) while informed investors cannot
if they bid for one share each (S > N). Because informed investors must
bid for one unit each to avoid giving themselves away, the IPO price must
be chosen so as to attract also bids from uninformed investors.

The secondary market that opens at ¢ = 1 is operated by dealers. Apart
from its analytical convenience, this assumption is attuned to our data, which
refer to a dealer market. Dealers are assumed to be risk neutral and perfectly
competitive, so that their expected profits are zero. There are no restrictions
on short sales. Each order is to be filled at the quoted price for one unit: at the
time of accepting a trade, dealers do not know whether another buy or sell
order has also arrived on the market. Hence the ask price at which they are
willing to offer one unit is the expected value of the security, given a buy order
by a trader of unknown identity. Symmetrically, the bid price is the expected
value of the security, given a sell order by a trader of unknown identity.

1.3 Investors’ preferences and liquidity needs

We assume all investors to be risk neutral—an assumption that we shall
relax later. In addition, all investors have potential liquidity needs: any-
one who buys shares at # = 0 has to liquidate them with probability z at
t = 1 and therefore holds them until # = 2 only with probability 1 — z. For
notational simplicity (and with no loss of generality), we assume that
each potential liquidity trader is matched with one dealer, so that z is also
the probability with which a dealer will receive a liquidity-motivated sell
order in the aftermarket. At t = 1 each dealer receives orders from
liquidity-motivated buyers with probability x. We do not model the
process that generates these buy orders, but this is not relevant for our
results about TPO underpricing, because these are affected only by the sell
side of aftermarket. (In fact, IPO underpricing would be unaffected even
if dealers were to receive only sell orders in the aftermarket.)

To decide whether bidding for a share in the IPO, each investor will
consider if the expected value of the share to him, conditional on the
information that he has, exceeds the IPO offer price Py. To compute this
expected value, the investor will consider that with probability z he will have
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to liquidate his shareholdings at the bid price P; that the dealer will post at
t = 1. With probability 1 — z, instead, he will be able to hold them until t = 2
and then sell them at the price P,. Investor j, where j = {i,u} indexes
informed and uninformed investors will bid price Py for a share in the IPO if

ZE(PP|QJ) + (1 — 2)E(P,|Q) > Py, (1)

i’f being the price at which the investor can resell the share at = 1 (the
dealer’s bid price) and Q) being the investor’s information set at 7 = 0, so
that Q= {Qf, #,}. In computing the expectations in Equation (1), unin-
formed investors have to take into account the probabilities that by
bidding Py they get high- or low-quality shares. We shall denote these
probabilities by 7, and 1 — 7, respectively.

1.4 Market equilibrium with risk-neutral investors
The equilibrium is found by backward induction. Because at r = 2 all informa-
tion is public, the final price of a share equals its fundamental value: P, = V.
At t = 1, the quality of the company sold at the IPO is public knowledge:
1 is known by all investors. However, some uncertainty remains for deal-
ers and most investors, i, being known at most to an insider. The insider
observes u; with probability O, and thus sees #; = ¢ or uy; = —¢ with
probability Q/2 = ¢ each. To maximize the expected gain from his trades,
the insider will place a buy order if E(V|i) — P{f = V — P > 0 and a sell
order if E(V|ii) — PP =V — PF < 0. To avoid revealing his identity, the
insider’s order size will be equal to that of liquidity traders’ orders.
Recalling that at # = 0 each investor bought at most one share, liquidity
traders sell a unit at 1 = 1, and therefore also the insider sells at most one
unit if ¥ — P? < 0. Because a liquidity trader sells a unit with probability
z, the conditional probability that a sell order comes from the liquidity
trader is z/(¢q + z), and the conditional probability that it comes from the
informed trader is ¢/(q + z). The bid price set by the competitive dealers
is the expectation of the share’s value, conditional on the signal u; (that
by now is public information) and on receiving a sell order:

- - q - z -
PE=E(V ) =——(V — —(V

0 ( ]ul,se) q+2( + i E)+q+z( + )
) (2)
=V+u —

e.
q+z

Similarly, recalling that a liquidity trader buys a unit with probability x,
the ask price is

~ ~ . q N X .
PL=EWV|iy, buy) =——(V +iny+e)+——(V+iu
i (V'|ar, buy) q+x( 1+e) q+x( 1) .

E.

=V4u + 4
q+x
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The bid-ask spread therefore is

s=pi_pp__1 .4 T . 4)
g+x g+z
N—— e
S,4 SB

The terms S4 and Sp are the spread’s bid-side and ask-side portions,
respectively, that is, the trading costs that an uninformed buyer or seller
pays relative to his estimate V' + i&; of the share value. The spread S
increases in the probability of the insider’s orders (¢) and decreases in the
probability of liquidity buy (x) and sell orders (z). Notice that the spread’s
bid-side portion Sp increases in ¢ and decreases in z but is unaffected by
x: the liquidity faced by a seller is unaffected by the behavior of liquidity
buyers.

Now let us turn to the equilibrium at ¢ = 0. From Equation (1), we
know that investors informed about #; bid for shares at the IPO only if

ZE(P1|Q)) + (1 — 2)E(P>|) > Py. (5)
So these investors’ bids will impound their private information u; only if
zE(Pliy =) + (1 — 2)E(Ps|iy = n) > Py > zE(P|iny = —n)
+(1 — Z)E(P2|£{1: = —’l]),

which, using Equation (2) and recalling that P, = V + i1 + it>, can be
rewritten as

q
14 - >Py>V—-—n-— . 6
+1n Zq-i-zgf 0 n—z € (6)

q+z
Condition (6), which will be shown to hold in equilibrium, ensures that
the informed traders’ optimal strategy is to bid only if the company is of
good quality (z; = 7). Otherwise, they would always bid or never bid
irrespective of their private information.

As for uninformed investors, from Equation (1) they will bid if

zE PB‘Q” (1-2)FE (132!98) > Py, (7)

where, as explained before, expectations are computed using the firm’s
quality probability distribution conditional on the uninformed bid’s suc-
cess. If m, denotes the probability that an uninformed investor bidding P
gets shares of a high-quality company (&; = n) and 1 — 7, the probability
that he will get shares of a low-quality company (&; = —n), the prices
that this investor expects to face in the two subsequent periods are

q q
E(PE|QY Py) =m,( V +n— l—a )|V —n—
€25, Po) 7r< +n q+zf)+( W)( n q+25> .
__ 4 __q_
=V q—&-ze (I =2m,)n
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and
E(PZIQSaPO) =m(V4+n+A-m)(V—=n)=V-(>1-2m)n (9)

From the last three equations, the condition ensuring that uninformed
investors participate in the [PO can be rewritten as

V—(l—Zwu)n—zqq e > Py (10)

+z

The company will set the offer price at the highest level consistent with
participation by the uninformed investors in the IPO, that is, will choose
Py so that condition (10) holds with equality. This implies also that
condition (6) concerning informed investors is satisfied. Therefore, if
the company is of high quality, both types of investors bid, and unin-
formed investors get shares with probability A = M /(M + N). If the
company is of low quality, only uninformed investors bid, and get shares
with probability 1. Since the unconditional probability of the firm being
of high quality is 1/2, the probability that the company is of high quality
conditional on uninformed investors being allocated shares is

N2
CON241/2 0 1T+N

T (11)
Using this result in condition (10) taken with equality, we get the equili-
brium offer price:
I—A q —
Po=V—-———n-— =V-———n-
0 DN T+’
where in the second step we used the fact that the spread’s bid-side portion
Sp = [q/(q + z)]e. Therefore, the offer price is negatively related to the
probability of informed sales in the aftermarket: the ratio ¢/(¢ + z) is the
direct counterpart of the PIN measure proposed by Easley et al. (1996).
This immediately yields the following expression for average PO
underpricing:

ZSB7 (12)

- 1—-A
E(Py) — Py :H_—)\U‘FZS& (13)

where E(P)) is the average transaction price in the aftermarket.’ Notice
that, as percentage of the offer price, IPO underpricing is a convex

* To obtain Equation (13), we have used the fact that E(P)) = V. To see this, notice that in computing
E(P)) each of the prices quoted by the dealer is weighted by the frequencies of the corresponding orders.
The dealer receives a buy order with probability (¢ + x)/(2¢ + x + z) so that the transaction price is the
bid price P? in Equation (2). He receives a sell order with probability (¢ +z)/(2¢ + x + z) so that the
transaction price is the ask price i’f‘ in Equation (3). As a result, the average transaction price conditional
on a given realization of 71} is E(Pl {1}1) = V + i1;. Since the expected value of i is zero, the unconditional
average of the after-market price E(P;) = V.
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function of expression (13). Denoting the latter by A, it is easy to see that
(one plus) percentage underpricing is

Eh)__V (13)

Py V—A

Equation (13) has a simple interpretation. In equilibrium, IPO under-
pricing compensates uninformed investors not only for the adverse selec-
tion costs borne at the IPO stage (the first term), but also for the expected
trading costs that they will bear by liquidating their shares in the after-
market (the second term). As in Rock’s model, the adverse selection cost
at the IPO stage is decreasing in the fraction of uninformed investors, A,
and increasing in the standard deviation of the signal they observe, 7,
which measures their informational advantage. The expected trading
costs are increasing both in the probability of reselling shares in the
aftermarket, z, and in the bid-side portion of the spread, S%, which in
this model reflects the severity of the adverse selection problem in sec-
ondary market trading.

We now generalize the model to the case of risk-averse investors, who
require IPO underpricing to reward them not only for illiquidity, but also
for risk of IPO shares. We will start with a situation where risk is about
the stock fundamentals (Section 1.5), and then consider a setting where
also the degree of after-market liquidity is unknown, and therefore creates
an additional source of risk, that is, liquidity risk (Section 1.6).*

1.5 Market equilibrium with risk-averse investors
Suppose that the investors with no private information at the IPO max-

imize expected utility E[U(W)], where U(-) is concave and twice differ-
entiable in final wealth W. For simplicity, other market participants and
dealers are still assumed risk neutral. Thus, only the condition for the
participation of uninformed investors now changes from Equation (7) into

zE[U(PY)|Q4] + (1 — 2)E[U(P,)|Q%] = Py, (14)

4 Besides enriching the predictions about IPO underpricing, introducing risk aversion in the model carries
other interesting implications. For instance, it suggests that firms may want to increase after-market
liquidity (by subsidizing the bid price), which is never worthwhile under risk neutrality. If investors are
risk neutral and if all after-market sellers bought shares at the TPO stage, the expected benefit from the
additional liquidity and the corresponding subsidy paid by the firm offset each other, so that the IPO
price is unaffected. If after-market sellers include also investors who did not buy shares at the IPO stage,
then part of the expected subsidy would leak outside the pool of the IPO investors and the firm’s after-
market intervention would lower the IPO price: the latter would still discount the entire cost of the
subsidy but not its entire benefit. If investors are risk averse, instead, subsidizing after-market liquidity
may increase the TPO price, because it would effectively allow TPO investors to insure against liquidity
shocks. (Also in this case, part of the benefit may be dissipated on investors who did not purchase shares
at the IPO, so that increasing after-market liquidity is worthwhile only if this “leakage” is not too severe.)
Anyway, this possibility does not alter the empirical predictions of the model about the relationship
between underpricing and after-market liquidity because the firm will attempt to increase after-market
liquidity only when this raises the IPO price.
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where, as before, expectations are computed using the probability
distribution of the firm’s quality conditional on the uninformed bid’s
success.

As in the previous section, in equilibrium the offer price makes unin-
formed investors just indifferent between bidding and not bidding for the
company’s shares: it is the value of P, that makes condition (14) hold
with equality. As shown in the appendix through steps similar to those
used in the previous section, the equilibrium offer price Py solves

U(P) ~ U(V) — U (V) (L

A
ATt ZSB)
Uy

4 (1 — )5+ZSB+2 AnsB
2 A

Given the properties of U(+), one can write U(V) — U(Py) =f(V — Py)
where f(-) is an increasing function. Using this fact and recalling that
E(P;) =V, TPO wunderpricing can be written as E(P;)— P,
~ h{U[E(P))] — U(Py)}, where h(-)=f"'(:), which is an increasing
function. Using this result in the last equation yields the following
expression for average IPO underpricing:

- I1—A
E(P]) — Py = h{Oé(ﬁT]—FZSB>

+2p[n + (1 = z)e? +z(32+21 in53>]}

where o = U( V) and p is the coefficient of absolute risk aversion.’
Expression (15) nests various subcases:

+

(15)

(1) As expected, it reduces to Equation (13) in the case of risk neu-
trality (where V' — Py = (1/a)[U(V) — U(Py)] and p = 0).

(2) The equation yields a purely risk-based model of IPO underpri-
cing if investors are risk averse (p > 0) but adverse selection
problems are absent both at the IPO stage (A = 1) and in the
aftermarket (¢ = 0, implying Sp = 0). In this case, underpricing is
E(P\) — Py~ h{(ap/2)[n* + (1 — z)e?]}, that is, it compensates
investors only for fundamental risk (the variance of fundamentals
decreases in z, because investors do not bear the risk deriving from
the shock i, if they liquidate at t = 1).

(3) With adverse selection at the TPO stage (A < 1), but not in the
aftermarket (Sp=0), we have the additional term
al(1 = A)/(1+ X)]n. Instead, the risk-premium component (the
term in square brackets multiplied by p) stays unchanged. This
shows that in the context of a Rock-style model there is no

> Expression (15) is obtained from a second-order Taylor-series approximation explained in the Appendix.
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interaction between the adverse selection and the risk premium
components of IPO underpricing.

(4) If there is also adverse selection in the aftermarket, that is, with
a positive bid-ask spread (Sp > 0), underpricing is higher for
three reasons. First, as in the risk-neutrality case, there is the
direct disutility because of the expected trading cost (azSp). Sec-
ond, the bid-ask spread increases the risk to be borne by the
investor (apzS%/2): the interaction between informed traders
and dealers impounds advance information about i, in the
aftermarket price and thereby increases the risk borne in case
of early liquidation of the shares. The illiquidity of the after-
market exacerbates risk and increases the risk premium compo-
nent of PO underpricing. Thirdly, Equation (15) shows that
underpricing also includes an interaction term between risk,
adverse selection at the TPO stage, and after-market illiquidity

(apz[(1 = A) /(1 + A)|nSh).

Since IPO underpricing is generally expressed as a percent of the offer
price, it is worth noting that, if Equation (15) is rewritten as
E(P)) — Py = h(aA), also the percentage IPO underpricing is an increas-
ing function of 4:

R~ . (15

For instance, if utility is logarithmic, the model predicts that
E(Py)/Py = exp(A4/V), which can be rewritten as

log(E(P1)> L-A 1N+ zSp

Py 1+/\
B e S R it $r S | BT
2 T+ X

Therefore, if underpricing is measured as log(E(P;)/Py), it should be a
linear-quadratic function of the after-market half-spread Sg, with a linear
coefficient proportional to the frequency of liquidity sales z and a quad-
ratic coefficient pz/2. For power utility functions U(x) = x7, with v < 1,
the model predicts that E(P,)/Py = [V /(V — ~v4)]"", which reduces to
expression (13') for the risk-neutral case (y = 1).

1.6 Market equilibrium with uncertain liquidity

So far, investors were assumed to anticipate perfectly the degree of
secondary market liquidity, as summarized by the bid-ask spread Sp.
But this may not be a reasonable assumption for shares that are not
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traded yet: when the offer price is set, investors may not know how liquid
the secondary market will be.

The uncertainty about liquidity can be captured by assuming that there
can be two liquidity regimes, characterized by a different incidence of
insider trading and therefore by a different bid-ask spread. More pre-
cisely, let the fraction of insider traders be a random variable g that takes
a low value ¢ or a high value ¢z with equal probability. Accordingly, the
(bid-side portion of the) spread becomes itself a random variable:

LY

€ (16)

The distribution of § (and therefore that of S) is independent of those of
) and u,. With this change to the model, there are four possible states on
the aftermarket, depending on the quality of the company (high or low:
ty =n or &y =n) and on the liquidity regime (high or low: ¢ = ¢; or
q = qm), with probability 1/4 each.

As in the previous section, the equilibrium offer price is the value of Py
that makes the uninformed investors’ participation constraint (14) hold
with equality. As shown in the Appendix through steps similar to those
of the previous section, in equilibrium the average level of IPO under-
pricing in this expanded model is

E(P)) — Py~ h(a(il—in—&-zE(SB))—F% [772 + (1 - 2)52]

+a2pz{Var(S’B) + [E(S'B)]Z + 21_7_;\7]E(S'B)}>

(17)

This expression differs from its analogue (15) obtained under perfect
foresight about liquidity only in two respects. The bid-ask spread Sp is
replaced by its expected value E(Sp), and its square S3 by
E(S2) = Var(Sp) + [E(Sp))>. We recover expression (15) as a special
case of (16) for gz = g1 = ¢, where the spread is nonstochastic (Sg = Sp).

Therefore, the extended model with uncertain liquidity predicts that
IPO underpricing is an increasing function of the expected bid-ask spread
E(Sp) and of its variance Var(Sg). The model nests this prediction with
those of models based on adverse selection in the [IPO—the first term in
(17)—and on fundamental risk—the terms in the first square brackets. In
keeping with this feature of the model, therefore, our tests for the pre-
sence of liquidity effect on underpricing will control for variables
designed to capture adverse selection and risk, along the lines of previous
empirical studies on this matter.
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Data Description and Liquidity Measures

2.1 Data description

We analyze all the TPOs undertaken on the LSE from June 1998 to
December 2000.° From this sample we eliminate closed-end funds,
open-end funds, and investment companies. This leaves us with 337
IPOs, of which 37 went public in 1998, 121 in 1999 and 179 in 2000.
Table 1 illustrates the composition of the sample, by size and sector (panel A)
and by market (panel B).

Table 1
Composition of the sample

Third Fourth

First size Second size size size
Sector quartile quartile quartile quartile Total
Panel A
1. Resources 0 0 2 3 5
2. Basic industries 0 1 3 2 6
3. General industries 2 5 3 7 17
4. Cyclical consumer goods 1 6 1 6 14
5. Noncyclical consumer goods 7 7 8 8 30
6. Cyclical services 25 18 34 18 95
7. Noncyclical services 19 4 4 6 33
8. Financials 8 6 10 16 40
9. Information technology 29 30 20 18 97

Alternative

Age (years) Main Market Investment Market Total
Panel B
Age <1 3 71 74
1 <age<2 6 18 24
2 <age<3 9 14 23
J<age<4 14 19 33
4<age<s 10 11 21
S<age<6 7 22 29
6<age<7 5 15 20
7 <age<8 6 14 20
8 <age<9 3 9 12
9 <age <10 6 9 14
Age > 10 31 35 67

The table illustrates the composition of the sample, which refers to the 337 initial public offerings (IPOs)
carried out between July 1998 and December 2000 on the London Stock Exchange. Panel A shows the
breakdown of the sample by sector and size (as measured by total assets). Each cell reports the number of
companies in the corresponding sector and size quartile. Panel B shows the breakdown of the sample by
age (as measured by years from incorporation to the date of the IPO) and market of listing (Main Market
or Alternative Investment Market).

For the period from July 1996 to June 1998, price and quote data are unavailable from the LSE.
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For each company, we collect two types of data: (i) tick-by-tick trans-
action and quote data provided by the LSE and (ii) company-level data,
drawn from IPO prospectuses filed with the Financial Services Authority
(FSA), the UK Listing Authority.

The LSE data include for each company (i) date and time of each trade
executed in the aftermarket, (ii) quantity transacted in each trade, (iii)
transaction price, and (iv) trade direction (buyer or seller originated),
from inception of trading up to the end of 2000.

The FSA data concern the terms of the PO (offer price, [PO mechanism,
number of shares issued in the IPO, stabilization agreement with the under-
writer, etc.), firm characteristics (age,7 sector, sales, assets, leverage, pre-
sence of venture capitalists), and ownership and control (shares sold by the
initial shareholder, percentage of shares held by private investors after the
IPO, changes in stock options held by insiders, etc.). When the prospectus
was not available from the FSA, these data were drawn from Worldscope.

The companies in our sample list either on the Main Market (MM) or on
the Alternative Investment Market (AIM) of the LSE, depending on their
accounting records. The two markets have the same trading system (they
are both dealer markets with designated market-makers) but list different
types of companies. The AIM caters exclusively to small companies with a
short track record while the MM lists companies with no less than three
years of accounting profits, though this requirement was relaxed in our
sample period to accommodate some young, high-growth firms with no
earnings. As a result, the companies listed on the MM are generally larger
and older than those listed on AIM. As shown by Panel B of Table 1, 91%
of the companies under two years from incorporation went public on the
AIM. The sector distribution of the two markets is roughly the same. Due
to the different listing requirements of the two market segments, companies
have little discretion as to the market they will list on, so that their
distribution across the two segments can be regarded as largely exogenous.

The design of the TPO sale also differs considerably within our sample.
Most small companies go public through a fixed-price auction, where the
price is set before the bidding and, in case of overbidding, rationing
occurs according to a scheme set in the IPO prospectus. Large companies
set their IPO price either through a fixed-price auction or through a book-
building process. Underwriters’ stabilization is far less widespread in the
London market than in the US, and its occurrence is explicitly stated in
IPO prospectuses. Our data reveal that some companies listing on the
MM enter into a price stabilization agreement with the underwriter, and
in this case they generally provide the underwriter with a “green shoe”
option.

" The age of the company is computed from the year of incorporation. If the company results from a
merger or takeover, its assumed birth date is the year of incorporation of the oldest company.
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Table 2 provides descriptive statistics for the IPOs in our sample. The
table shows that the typical firm making an IPO operates for more than
seven years before the IPO, has total sales of £51.2 millions in the year
before the TPO, fixed assets totaling £135.1 millions, and is valued at
£174.3 millions at the time of the IPO. Of interest are the changes in the
insiders’ holdings that occur during the IPO stage. On average, the
insiders sell 6.65% of their stake (in the pre-IPO share capital) during
the TPO. These sales, together with the amount of new shares issued by
the company, on average reduce the insiders’ holdings by 26.5% in the
post-IPO company. Furthermore, executive and independent directors
hold, on average, options worth 2.29% of post-IPO shares.

Table 2
Companies and initial public offering (IPO) characteristics: descriptive statistics
Standard

Variable Mean Median deviation Minimum Maximum

Company characteristics
Firm size (sales, £ million) 51.22 1.90 318.18 0 3,800
Firm size (market cap, £ million) 174.27 25.37 673.19 0.17 7,523
Firm age (years) 7.12 5.0 12.72 0.04 154
Fixed assets (£ million) 135.07 1.01 1,757.99 0.0 32,000
Leverage (short-term debt, percent) 49.62 42.10 54.56 0 465.81
Leverage (long-term debt, percent) 69.07 56.25 71.84 0 589.17

IPO characteristics
Underpricing—first day (%) 47.66 22.80 82.86 —61.20 660.0
Underpricing—first four weeks (%) 29.58 11.36 66.72 —66.00 398.0
Shares offered (in 100,000) 397.00 137.00 1,716.00 5.00 29,500.00
Shares sold by main shareholders 57.90 0.01 160.0 0 1980.0

(in 100,000)

Equity issued (%) 31.89 25.10 23.84 1.8 99
Sales by insiders (%) 6.65 0.0 11.47 0 84.00
Directors’ options (%) 2.29 1.00 3.14 0 19.46
Venture capitalists’ presence 0.47 0 0.50 0 1
Independent directors’ presence (%) 45.67 42.86 16.53 0 100

The table shows statistics for the 337 IPOs carried out between June 1998 and December 2000 on the
London Stock Exchange. Trading data were supplied by the London Stock Exchange. Data about firm
characteristics are drawn from the prospectuses filed with the Financial Services Authority (the UK
Listing Authority). All figures are cross-sectional statistics. Firm sales refer to the year preceding the IPO,
and firm capitalization refers to the time of the IPO. Firm age is the number of years between the firm’s
initial incorporation and the time of the IPO. In case of mergers and takeovers, the date of incorporation
refers to the oldest firm. Fixed assets are the firms’ fixed assets at the time of the TPO. Leverage is the
cross-sectional average of long-term debt to assets held by the firm at the time of the IPO. Underpricing—
first day is the percentage difference between the closing mid-price on the first day of trading and the offer
price. Underpricing—first 4 weeks is the same measure with reference to the 20th day of trading. Shares
offered is the number of shares placed on the market in the IPO. Shares sold by main shareholders is the
number of shares offered by the major shareholders (defined as the shareholders holding 3% or more of
the share capital at the time of the IPO). Equity issued is the new share capital placed by the company in
the ITPO expressed as a percentage of the post-IPO capital. Sales by insiders is the amount of shares sold
by insiders (firm’s directors and major shareholders holding more than 3% of the capital) expressed as a
percentage of pre-IPO outstanding shares. Directors’ options are the directors’ holdings of options as a
percent of outstanding shares after the IPO. Independent directors’ presence is the percent of independent
directors on the Board of Directors at the time of the IPO.
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2.2 Liquidity measures

Since our hypothesis is that IPO underpricing is not only related to
fundamental risk and adverse selection, but also to the expected level of
liquidity and its variability, the accurate measurement of liquidity is
crucial for our study. To obtain accurate estimates, all our measures of
liquidity are based on the first four weeks of after-market trading, using
all tick-by-tick data for the mandatory quote period (the interval over
which dealers are required to provide firm two-way quotes).

The equilibrium offer price equation in our model (Equation 12 above)
indicates that the liquidity measure closest to our model is one that
captures the probability of informed trading in the aftermarket. The
market microstructure literature provides two potentially suitable mea-
sures: first, the PIN measure proposed by Easley et al. (1996), and,
secondly, the adverse selection component of the spread. Finally, we
can also use the most traditional measure of liquidity, that is, the effective
spread.

The PIN measure contains five basic parameters: the probability of
arrival of new information («), the probability that the new information is
negative (0), the arrival rate of informed traders (u), and the arrival rates
of liquidity-based sellers and buyers (¢ and ;). Using this notation, the
probability of informed-based orders can be written as

PIN= ___ %
ap+eg+ep

The maximum likelihood estimation converges for 295 stocks out of the
337 IPOs.

With the spread decomposition, we can extract the adverse selection
component of the spread and thereby measure directly the cost due to the
presence of informed traders. Among the available spread-decomposition
methods, we choose the regression model proposed by Lin, Sanger, and
Booth (1995), which appears well suited to measure the impact of
informed trading in a dealership market. This method takes changes in
transaction prices to reflect order processing costs and the bid-ask
bounce, and quote revisions to capture the adverse selection costs.

As a robustness check, we also report estimates based on the most
common measure of liquidity: the effective spread, defined as (twice the
absolute value of) the percentage difference between the transaction price P
and the mid-quote M, that is, 2|P — M|/M. We use the volume-weighted
effective spread, where the effective spread is weighted by the number of
shares traded. The effective spread takes into account that trades can
occur either inside or outside the quoted spread. It is a good measure of
liquidity in dealer markets as it takes into account that dealers give prefer-
ential treatment to some customers (preferencing) or match the best quote on
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the market (internalization of the order flow). It also avoids the risk of using
stale quotes, which is particularly acute on thin markets such as AIM.

We measure liquidity risk by the variability of each of the liquidity
variables just mentioned. Our data allow us to measure the variability of
liquidity at different frequencies and in various ways. In addition, we can
consider measures of dispersion other than the standard deviation, such
as the range between the highest and the lowest spread. Experimenting
with different sampling frequencies and different measures of dispersion
yields highly correlated measures of the variability of effective spreads.
We choose to use the range between the highest and the lowest values for
both the adverse selection component and the effective spread. The range
appears to be both closest to normality among the measures of dispersion
considered and the most intuitive from an investor’s standpoint. How-
ever, this approach cannot be extended to the variability of the PIN
because our estimation produces a single PIN measure for each stock
for the whole post-IPO period considered. Therefore, in this case we
measure liquidity risk by the standard error of the PIN, estimated by
two alternative methods: the delta method and a bootstrap method.®

Table 3 reports descriptive statistics about underpricing and liquidity
and about their evolution in the aftermarket. As shown by Panel A, the

Table 3
Liquidity measures: descriptive statistics
Standard
Variable Mean Median deviation Minimum Maximum

Panel A: liquidity measures for the entire four weeks of trading
Liquidity and volatility variables

PIN 0.286 0.258 0.134 0.042 0.854

Adverse selection 3.034 2.580 2.117 0.127 8.958
component (%)

Effective spread (%) 4.112 3.689 2.414 0.291 10.493

Variability of PIN 0.042 0.040 0.018 0.011 0.088

Range of adverse 2.386 1.895 1.625 0.2843 8.614
selection component

Range of effective 3.554 3.036 2471 0.329 12.303
spread

Return volatility 0.047 0.028 0.069 0.003 0.42

Daily trading volume 20.16 1.31 141.00 0.001 6,100.00
(100,000 shares)

Daily turnover (%) 1.32 0.44 3.10 0.0001 25.87

The delta method consists of estimating the PINs standard error by using the derivatives of the PIN with
respect to each of the parameters (i.e., o, i, €5, &) and the variance-covariance matrix. A detailed
description can be found in Green (1993: 297). By the bootstrap method, instead, we generate 10,000
bootstrap samples drawn with replacement for each stock. We use actual data for the first four weeks of
trading. We compute the PIN for each bootstrap sample and after obtaining the PIN distribution for each
stock we compute the standard error of each distribution. A detailed description is in Efron and
Tibshirani (1993: 47). Standard errors obtained by using the bootstrap method are generally smaller
than those obtained from the delta method.
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Table 3
(continued)
Standard Standard
deviation deviation
Variable Mean Median “within” firms “between” firms

Panel B: underpricing and liquidity measures at different horizons

Underpricing (%)
1st week 42.21 21.15 7.1086 154.1135
2nd week 38.46 16.41 0.9947 138.4025
3rd week 34.18 12.82 0.1391 125.5471
4th week 29.58 11.36 0.0424 118.2431
PIN
Ist-4th weeks 0.29 0.25 0.0595 0.5462
2nd-5th weeks 0.29 0.25 0.0516 0.5873
3rd-6th weeks 0.27 0.24 0.0563 0.4511
4th-7th weeks 0.26 0.23 0.0463 0.3814

Adverse selection
component (%)

1st week 3.19 3.01 0.8733 3.0219
2nd week 3.15 2.92 0.7571 2.9618
3rd week 3.05 2.81 0.6203 2.8919
4th week 2.98 2.58 0.6525 2.7544
Effective spread (%)
1st week 4.46 4.15 1.1852 4.0871
2nd week 422 3.81 1.0692 4.0041
3rd week 4.01 3.64 1.0473 3.9587
4th week 391 3.38 1.0041 3.8154
Turnover (%)
Ist week 4.15 0.91 11.87 19.16
2nd week 2.06 0.56 6.85 8.70
3rd week 1.61 0.35 4.53 3.19
4th week 1.17 0.25 2.75 3.42

The table reports statistics about underpricing and aftermarket liquidity for the 337 IPOs carried out
between June 1998 and December 2000 on the London Stock Exchange. Panel A reports statistics for the
entire first four weeks of trading while panel B reports underpricing and liquidity measures statistics for
each of the first four weeks. The probability of informed trading (PIN) is estimated using the maximum
likelihood approach proposed by Easley et al. (1996). The adverse selection component of the spread is
obtained using the methodology proposed by Lin, Sanger, and Booth (1995). The effective spread is twice
the deviation of the transaction price from the mid-quote price, multiplied by a trade direction dummy
and weighted by the number of shares traded. The variability of PIN is the standard error of the PIN
estimated for the first four weeks of trading using the delta method. The range of the adverse selection
component of the spread is the average of the range between the highest and lowest daily component
value. The range of effective spread is the average of the range between the highest and lowest effective
spread, calculated for each trading day. Return volatility is the standard deviation of returns using mid-
quotes sampled at one-hour intervals. For all these variables, the table shows the pooled time-series and
cross-sectional averages across sample firms for the first four weeks of trading on the aftermarket.
Underpricing is the percentage change from the offer price to the closing price for each week. Volume
transacted is the average daily volume traded in each week. Turnover is the average daily number of shares
traded for each week divided by the number of ordinary shares outstanding. In panel B, we define the first
week as the first five days of after-market trading. The second, third, and fourth weeks are defined
similarly.

average effective spread and the adverse selection component of the
spread in the first four weeks of trading are 4.11 and 3.03%, respectively,
while the PIN measure is 0.286. The breakdown of these averages across
markets (not reported in the table) reveals that, not surprisingly, shares
listed on the MM have lower PIN measures than those listed on the AIM:
for instance, the average PIN on the MM is 0.207, whereas on the AIM it
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is 0.318. The table also shows that the average daily turnover is 1.32% of
total outstanding shares. If scaled by the numbers of shares offered at the
IPO, the corresponding figure is 4.05%.

Panel B illustrates how underpricing and liquidity evolve over the first
four weeks of after-market trading. Average underpricing declines from
42.21% after the first week to 29.58% after the fourth week. Also the PIN
and the effective spread decline over the first four weeks of trading. For
example, the PIN declines from 0.29 to 0.26 from the first to the fourth
week and the effective spread declines from 4.46% in the first week to
3.91% in the fourth week.’ There are, however, important differences in
the evolution of liquidity in the aftermarket for different types of IPOs.
For example, for IPOs effected by bookbuilding and stabilized by the
underwriter, the volume-weighted effective spread increases from 0.70%
in the first week to 0.81% in the fourth week, and the PIN of these stocks
declines from 0.25 to 0.23. A similar pattern is found for the liquidity
measures of the IPOs carried out through bookbuilding but not stabilized
in the aftermarket: the volume-weighted effective spread for these IPOs
increases from 0.81% in the first week to 0.89% in the fourth week while
the PIN of these stocks changes only from 0.26 to 0.25 over the same
period.

The reduction of the spread may reflect either a decrease in adverse
selection (as indicated by the pattern of the PIN and the adverse selection
component of spread) as more public information emerges after the IPO
or a reduction in fundamental risk or both. Also the different pattern for
liquidity observed for IPOs effected through bookbuilding and featuring
after-market stabilization is consistent with both explanations. The varia-
bility of the spread declines too. The variability “within” firms—that is,
the time-series variability of the spread for a given company—shows a
more substantial decline than the variability “between” firms. This sug-
gests that the market gradually learns about the liquidity of the firm.

Figures 2 and 3 show that a similar pattern emerges over a longer
horizon. The adverse selection component of the effective spread falls
from around 3.20% in immediate after-market activity to about 2.40%
around the 20th week after the IPO and settles around 1.60% after the
40th week. The PIN and the variability of the adverse selection compo-
nent of the effective spread decline sharply throughout the first year after
the TPO.

The decline in PIN can come from two different sources: 1) the arrival
of information () or the probability of trading with informed traders (u)
decrease over time; 2) the probability of trading with liquidity traders (g,
and ¢,) increases over time. Analyzing the various components of the

° The differences between the values of the IPO underpricing, PIN, and effective spread in the first week
and in the fourth week are all statistically different from zero at the 5% confidence level.
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Figure 2

Average adverse selection component of the bid-ask spread and its range of variation in the year after the
initial public offering (IPO)

The figure shows the average adverse selection component of the effective bid-ask spread and its range of
variation in the first year after the inception of trading for a sample of 337 IPOs carried out in the period
June 1998-December 2000.
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Figure 3

Average probability of informed trading (PIN) measure in the year after the initial public offering (IPO)
The figure shows the average PIN in the first year after the inception of trading for a sample of 295 IPOs
carried out in the period June 1998 —December 2000. At each date, the PIN is estimated over a moving
window of the subsequent four weeks for each stock. The graph shows the cross-sectional average of these
measures.
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PIN, we find that in the first 40 weeks there are changes in all four
parameters. Specifically, « and p decrease while €, and ¢, increase over
time. This is consistent with the view that immediate after-market trading
is characterized by the substantial presence of informed traders and this
results in high adverse selection costs. As expected, as more trading
occurs and more information about the firm is released, the market learns
more about the firm. Hence, the advantage of informed traders decreases
and this may attract more liquidity traders to the market. Of these two
effects, the first has the largest marginal impact on the reduction of the
PIN: we find that the impact generated by the reduction of « and u is
greater than the increase in e, and 5.

This pattern suggests that both liquidity and its variability are much
more of a problem in the immediate after-market trading than in a more
mature market. Therefore, a rational IPO investor who reckons that she
might have to liquidate in the immediate aftermarket or plans to do so
should be much more concerned about liquidity than a buy-and-hold
investor. This calls for focusing the analysis of the relationship between
IPO returns and liquidity on the first few weeks of after-market trading.
As we move away from the IPO date, investors face an increasingly liquid
market and a more predictable spread so that trading costs should
become less of a concern for them. Finally, confounding events may
increasingly cloud the IPO price-liquidity relationship.

Our data indicate that liquidating shares in the aftermarket does not
appear to be a rare event. Despite the abnormally high trading costs
immediately after the TPO, it is precisely at that time that trading activity
peaks, possibly reflecting the frantic activity of “flippers.” As shown by
Panel B of Table 3, trading activity is heaviest in the first week and then
declines steadily. While the table reports only turnover, all the other
relevant measures—for example, number of trades and waiting time
between trades—agree on this point. That the abnormally large after-
market trading costs are incurred so frequently suggests that IPO inves-
tors are unlikely to neglect them.

. Methodology and Results

Our main objective is to investigate how IPO underpricing is affected by
expected liquidity and liquidity risk as perceived by investors at the time

Keeping the initial values of o and u fixed at the initial levels obtained for the first four weeks and letting
only the values of €, and ¢, change would decrease PIN from the initial value of 0.29 to 0.27 in the period
that spans from the 10th to the 14th weeks and later to 0.26 in the period spanning the 20th to the 24th
weeks. Instead, keeping the initial values of £, and ¢, fixed at those obtained over the first four weeks and
letting only the values of o and p change would decrease PIN from the initial value of 0.29 to 0.26 in the
period that spans from the 10th to the 14th weeks and 0.24 in the period spanning the 20th to the 24th
weeks.
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of the IPO. In this exercise, we control for other factors, whose role has
already been tested in the literature.

In our baseline approach, we measure expected liquidity and liquidity
risk by the sample moments of the relevant variables, such as the mean and
standard error of the PIN and the mean and range of variation of the
spread’s adverse selection component. Simple correlations already indicate
that IPO underpricing is larger for [IPOs with lower and more variable after-
market liquidity, as illustrated by Figures 4 and 5. The correlation between
IPO underpricing and the average PIN measured over the first four weeks
of after-market trading is 0.25, statistically significant at the 1% confidence
level. Likewise, the correlation between IPO underpricing and the range of
the PIN is 0.35, statistically significant at the 1% confidence level. Similar
figures are obtained if after-market illiquidity is measured by the effective
spread or with its adverse selection component. However, since the sample
moments of these illiquidity measures may measure market expectations
with error, below we rely on instrumental variables (IV) estimation.

Moreover, the sample moments of liquidity measured over the first
four weeks of the aftermarket are unconditional estimates of the expected
value and the variance of liquidity. The IPO offer price should instead
reflect conditional expectations, that is, the expected value, and the
variance of liquidity conditional on the variables known to investors at
the time of the IPO. To take this further point into account, we also
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Figure 4

Log underpricing and the probability of informed trading (PIN)

The figure plots data for log underpricing and the PIN. Log underpricing is the natural log of the ratio
between the closing price on the first day of trading and the initial public offering (IPO) price. The PIN is
the average PIN in the first four weeks of after-market trading. The straight line in the figure shows the
predicted values of an OLS regression of log underpricing on a constant and the PIN.
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Log underpricing and the variability of the probability of informed trading (PIN)

The figure plots data for log underpricing and the variability of the PIN. Log underpricing is the natural
log of the ratio between the closing price on the first day of trading and the initial public offering (IPO)
price. The variability of the PIN is the standard error of the PIN over the first four weeks of trading
(using the delta method). The straight line in the figure shows the predicted values of an OLS regression
of log underpricing on a constant and the variability of the PIN.

implement a second methodology, where our measure of expected liquid-
ity and liquidity risk conditions only on firm characteristics known at the
IPO stage.

Even this measure of expected liquidity may be questioned if the
regressors used to forecast liquidity are proxying for other determinants
of the TPO discount. To check the robustness of our results to this
problem, we use a third methodology, based on a matched-firm
approach: we assume that to forecast an IPO’s future liquidity and its
variability, investors impute to it the values observed for a previous IPO
of comparable size and belonging to the same sector.

Throughout the estimation, in keeping with our model we measure
underpricing as the natural log of the ratio of the after-market price to
the offer price (log(P1/Po)). This measure differs slightly from that used
in the literature, which is the percent return from the offer price to the
after-market price [(P; — Po)/Po]. We rely on the former measure of
underpricing for two reasons. First, according to the theoretical model
presented in Section 1, if utility is logarithmic the ratio between the after-
market price and the offer price holds a convex relationship with the
explanatory variables that we employ. In this case, as shown by Equation
(15"), a logarithmic transformation of the dependent variable is appro-
priate. Secondly, from a statistical point of view, the log(P;/Py) is much
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closer to a normally-distributed variable than the measure (P, — Py)/ Py
so far used in the literature. In particular, the skewness and kurtosis of
our underpricing measure for the first day are 1.16 and 6.90, respectively,
compared with 3.84 and 22.08 for the traditional measure. Likewise, the
skewness and kurtosis of our underpricing measure for the first four
weeks are 1.10 and 6.68, respectively, and 2.97 and 14.46 for the tradi-
tional measure. However, we also test our empirical model by using the
traditional measure of underpricing and find that the estimates are
qualitatively unchanged.

We measure underpricing over various different horizons. In our base-
line estimates, the horizon is the first four weeks of trading: we measure
the after-market price P; as the closing price of the 20th trading day to
ensure consistency between the time period over which we measure
liquidity and the time period used to calculate underpricing. But, as a
robustness check, we repeat the estimation by using a measure closer to
the existing IPO literature, that is, by defining P; as the closing price of
the first trading day. Finally, we repeat the estimation with underpricing
measured over other horizons: the first week, second week, and third
week of after-market trading.

3.1 Model specification

Consistently with the model presented in Section 1, we wish to nest our
liquidity-based explanation of IPO underpricing with the two main expla-
nations advanced in the literature: fundamental risk and asymmetric
information. Therefore, the specifications used in previous work to test
these hypotheses are our natural starting point. Table 4 presents the list of
explanatory variables that we employ in our specification.

Liquidity. Our model predicts both after-market liquidity and liquidity
risk to have positive coefficients. The more liquid the secondary market is
expected to be, the lower the liquidity premium that PO underpricing
must incorporate. Similarly, the harder it is to predict liquidity, the higher
the return required by investors at the IPO stage. As already mentioned,
we rely on various measures of liquidity, of which the one that comes
closest to our model is the estimated probability of an informed trade as
captured by the PIN proposed by Easley et al. (1996). We also use a
related measure: the adverse selection component of the spread proposed
by Lin, Sanger, and Booth (1995). Finally, as a robustness check, we also
measure liquidity simply by the effective bid-ask spread.

Asymmetric information. The amount of shares sold by the insiders is a
key variable to gauge the presence of asymmetric information in the IPO
process. If the initial owners know that their company is of low quality, at
the IPO stage they will sell a large stake, as in the adverse selection model
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Table 4

Model specification

Source of underpricing Explanatory variables Predicted sign of coefficient

Liquidity Probability of informed trading Positive
Adverse selection component of spread Positive
Effective spread Positive

Liquidity risk Variability of liquidity variables Positive

Adverse selection Sales by insiders Ambiguous
Directors’ holdings of options Ambiguous
Venture capitalists’ presence Negative
Bookbuilding mechanism Positive
Underwriter reputation Negative
Independent directors’ presence Negative
Number of previous IPOs Negative
Total proceeds of previous IPOs Negative

Fundamental risk Size of firm (total assets) Negative
Firm’s age Negative
Return volatility Positive
High-risk sector (information technology sector) Positive
Underwriter stabilization Positive
IPO size (proceeds from offering) Positive

IPOs, initial public offerings.

by Leland and Pyle (1977). The same prediction holds in a moral hazard
model such as Jensen and Meckling (1976): the higher the stake sold by
controlling shareholders, the higher is their incentive to extract private
benefits at the expense of minority shareholders. In both cases, the
insiders’ decision to sell a large stake is bad news for the market and
therefore should induce higher underpricing.

In an environment where managers are partly compensated through
options, especially in young and R&D-intensive firms, the attribution of
options to management can play the same role as a larger insiders’ stake,
both as quality signal and as incentive device. Up to now, the literature
has not used this variable to explain underpricing, perhaps due to lack of
data. But since this information is available in IPO prospectuses, we use it
as an additional test of the Leland-Pyle and Jensen—Meckling predic-
tions.

However, the logic of these models is not unchallenged: Habib and
Ljungqvist (2001) argue that initial owners who sell a large stake will want
as little underpricing as possible and can do so by spending more
resources on “promotion activities.” Their prediction is that underpricing
is decreasing in the amount of shares that insiders sell at the [PO. As a
result, the relationship between insiders’ sales (or directors’ amount of
options) and underpricing is in principle ambiguous.

With asymmetric information, the presence of a venture capitalist can
be a quality signal, leading to lower underpricing (Barry et al. 1990;
Megginson and Weiss, 1991). Therefore, a dummy variable for the
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presence of a venture capitalist should carry a negative coefficient. Since
venture capitalists typically enter the shareholder base long before the
IPO, this variable is predetermined relative to the offer price. By the same
token, the reputation of the underwriter can reduce underpricing as found
by Carter and Manaster (1990).

The amount of private information that remains undisclosed after the
IPO also depends on characteristics of the IPO design. Busaba and Chang
(2002) show that, compared with a fixed-price offering, the bookbuilding
process elicits more information from informed traders at the IPO stage
and therefore reduce adverse selection problems in the after-market trad-
ing. However, by the same token bookbuilding may require larger informa-
tional rents to be paid at the IPO stage as found by Ljungqvist, Jenkinson,
and Wilhelm (2003). This suggests that underpricing should be larger for
IPOs carried out through bookbuilding than through a fixed-price method.

Finally, the offer price of each company can be affected by the earlier
IPO activity in the market or in the same sector because of information
spillovers. Previous IPOs can provide guidance about the investors’ appe-
tite for the company’s shares and thus about the price they are willing to
pay. Benveniste et al. (2003) provide evidence that underpricing is lower
when many IPO issues were floated in the recent past. Consistent with
such evidence, we expect a negative coefficient on the number and the
proceeds of the IPOs carried out in the previous and current quarters.

Fundamental risk. We control for fundamental risk by predetermined
variables such as size (measured by the logarithm of total assets), age
(measured by logarithm of the number of years since incorporation),'!
and sector of the company, and more directly by the volatility of after-
market returns. We measure the latter by calculating the standard devia-
tion of returns using mid-quotes (to avoid potential problems caused by
the bid-ask bounce) sampled at one-hour intervals over the first four
trading weeks. We expect underpricing to be higher for shares with
greater after-market return volatility. But the latter may not fully measure
the risk of IPO shares: then age, size, and sector could still play a role. If
so, IPO underpricing should be lower for issues of older and larger
companies, which generally feature less risk. The opposite should be
true of IPOs undertaken by companies in the information technology
(IT) sector as shown by Loughran and Ritter (2004) on US data. This is
important for our sample, which includes the Internet bubble. Hence, we
would expect the coefficients of return volatility and an IT dummy to be
positive and those of size and age to be negative.

Firms’ age and size can proxy for both risk and adverse selection. For example, age should be inversely
related to risk, insofar as companies grow into more diversified businesses over time, as well as to adverse
selection because mature companies have a longer track record.
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The impact of the total IPO proceeds may also capture the effect of risk.
Investors may require an extra return to “digest” very large IPOs because to
purchase the implied stakes they may have to accept at least some tempor-
ary imbalance in their portfolios. However, from the econometric point of
view this variable cannot be considered as exogenous, in the same sense in
which the quantity sold by a monopolist cannot be regarded as exogenous
with respect to the price chosen. This applies also to other characteristics of
IPOs, such as insiders’ sales, which are chosen by the issuers jointly with the
level of underpricing at the time of the TPO. Despite such endogeneity
problems, these variables have been extensively used in past empirical
work. When we include them as regressors, we attempt to control for
their possible endogeneity. Finally, to control for any clustering that may
occur, we also include year dummy variables in every specification.

Since our specification includes several variables to control for the
informational asymmetries at the PO stage, our measures of liquidity
should capture only the “residual asymmetric information” that persists
in secondary market trading. Admittedly, some of our explanatory vari-
ables may be correlated also with this “residual asymmetric information.”
For instance, for older and larger firms information asymmetries may be
less pronounced both at the IPO stage and in the aftermarket. So the
inclusion of age and size in the regressions may reduce the explanatory
power of after-market liquidity, insofar as it reflects “residual asymmetric
information.” So, if anything, the inclusion of such regressors should bias
the coefficient of the liquidity variables toward zero.

3.2 Instrumental variable estimates

Our baseline approach is to measure the expected value and the variance
of after-market liquidity by the two corresponding sample moments,
computed over the first weeks of trading. This method rests on the
assumption that at the time of the IPO investors correctly anticipate the
true moments of these variables, of which the corresponding sample
moments are unbiased estimates. But the ex-post average and variance
of liquidity may measure with error the estimates held by investors,
making the estimated coefficients inconsistent and biasing them toward
zero. These problems may be compounded by the potential endogeneity
of after-market liquidity with respect to TPO underpricing. Higher under-
pricing may induce greater market participation by retail investors [as
argued by Brennan and Franks (1997) and Booth and Chua (1996)]. If
this increases after-market liquidity, our measures of liquidity may be
correlated with the error of the underpricing equation.

To correct for these problems, we rely on IV estimation. The instru-
ment for the liquidity variables are (i) the average daily volume of firms
that are already public in the same industrial sector in the four weeks
before an IPO, (ii) the industry’s return volatility in the four weeks before
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an IPO, (iii) the fraction of the share capital held by the major share-
holders after the IPO, (iv) the log of the amount of new shares issued in
the IPO, (v) the IPO mechanism (“placing” versus “offer”), (vi) the market
on which the IPO is carried out, and (vii) the industrial sector. Based on
the empirical literature and on “a priori” reasoning, these variables are
likely to be correlated with after-market liquidity.'>

Endogeneity problems may also affect the amount of shares sold by
insiders and the size of the IPO, since these are chosen by the company
jointly with the offer price. Therefore, we instrument also these variables
with (i) the company’s sales (in logs) in the year before the IPO and (ii) the
leverage ratio just before the IPO."?

3.3 Forecasting liquidity through firm-level regressions

Our second approach relies on conditional measures of expected liquidity
and of its variability, based on the liquidity of previously listed companies
and conditioning on the following variables: (i) industrial sector, (ii) size
(by total assets), (iii) the leverage ratio, (iv) the concentration of the share
capital held by the major shareholders after the IPO, (v) the IPO mechan-
ism, and (vi) the market on which the IPO is carried out. For every IPO in
our sample, we estimate a regression that uses all the observations for the
firms that went public up to that date. The fitted values from each
regression are then used as measures of investors’ expectation about the
future liquidity and liquidity risk of the IPO being considered. This
method runs into the problem of lacking observations for the first [POs
in our sample, that is, those occurring in 1998. Since no price and quote
data are provided by the LSE for the period between July 1996 and May
1998, we resort to the data for IPOs carried out in the first half of 1996 to
forecast the liquidity of the IPOs of 1998.

3.4 Forecasting liquidity through a matched-firm approach
Our third method is to impute expected liquidity and the associated risk from
those of previous IPOs matched by industry and size. This method differs

12 The empirical literature shows that past trading volume and return volatility are major factors influencing
liquidity. The concentration of the share capital, that is, the amount of the share capital closely held by
the major shareholders, determines how much of the firm’s share capital is publicly traded and thus
directly influences the firm’s liquidity. (We leave the sales by the initial main shareholders to capture the
signal sent to the market regarding the firm’s quality.) Also the IPO mechanism can be regarded as a good
predictor of after-market liquidity, because it should contribute to determine the amount of private
information that is revealed at the IPO stage and thereby the residual informational asymmetries left in
after-market trading. The choice of IPO mechanism is a dummy variable indicating whether the TPO
occurred through (i) a “placing” (similar to the firm commitment in the United States), which is entirely
addressed to institutional investors, or (ii) a “public offer”, addressed both to institutional investors and
retail investors. Finally, since typically market liquidity is higher on the Main Market (MM) than on the
Alternative Investment Market (AIM), the list of instruments includes a dummy variable indicating
whether shares were floated on the MM or the AIM.

13 The R? of the first-stage regressions for the amount of shares sold by insiders and for the size of the IPO
are 0.174 and 0.204, respectively.
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from the previous one, in that it uses actual liquidity of previous IPOs rather
than a forecast obtained from a regression methodology. Every IPO in our
sample is matched with a previous IPO in the same industry and closest in
size, provided that the size difference does not exceed 10%. When the
difference is larger than 10% we match the current IPO with the two previous
IPOs (in the same sector) closest in size to the current IPO, and in the analysis
we use their volume-weighted average liquidity and risk.

This method, like the one before it, runs into the problem of lacking
observations for the IPOs occurring in 1998. As in the previous method,
we use data on IPOs carried out in the first half of 1996 to forecast the
liquidity of the 1998 IPOs.

3.5 Results
In Table 5, we report the regression estimates obtained from the different
methodologies illustrated so far, for each of the liquidity measures (PIN

Table 5
Regression results

Liquidity measure PIN Adverse selection component  Effective spread

Panel A: instrumental variable regressions

Intercept 0.3252 (0.61) 0.6442 (1.34) 0.4871 (1.03)
Liquidity 0.9444" (2.02) 0.0582" (1.93) 0.0563" (1.90)
Variability of liquidity 8.1572"" (1.96) 0.0638" (1.80) 0.0459" (1.91)
Sales by insiders ~0.0005 (-0.12) 0.0005 (0.15) 0.0005 (0.14)
Directors’ options holdings —0.0015 (-0.26) —0.0040 (-0.77) —0.0034 (-0.62)
Venture capitalist’s presence  —0.1042"" (~2.40) —0.0938"" (-2.46) —0.1025™" (-2.62)
Firm age —0.0441" (~1.68) —0.0449" (-1.91) —0.0400" (-1.71)
Total assets 0.0019 (0.20) —0.0004 (~0.04) ~0.0004 (~0.05)
Governance 0.0015 (0.81) 0.0011 (0.64) 0.0014 (0.81)
Return volatility 0.9928" (1.98) 1.1740""" (2.90) 1.0768""" (2.66)
IT sector 0.0132 (0.26) 0.0066 (0.14) 0.0248 (0.52)
IPOs in the same quarter ~0.0516 (-0.58) —0.0218 (-0.27) ~0.0203 (-0.25)
IPOs in the previous quarter ~ —0.1608" (~1.64) —0.1998™" (-2.19) —0.1856"" (-2.15)
Underwriter stabilization 0.1626"" (2.69) 0.1351" (2.22) 0.1469"" (-2.35)
Underwriter reputation —0.0190" (~1.66) —0.0196"" (-2.03) —0.0204"" (-2.02)
Bookbuilding 0.0378 (0.55) 0.0703 (1.31) 0.0688 (1.25)
Size of the IPO 0.0235 (0.77) 0.0251 (0.87) 0.0276 (0.88)

R 0.27 0.26 0.24

Number of observations 295 337 337

Panel B: regressions with liquidity measures from regression-based forecasts

Intercept 1.1845™" (3.33) 0.7398"" (2.97) 0.8163"" (3.15)
Liquidity 0.5041" (1.91) 0.0254" (2.70) 0.0195"" (2.03)
Variability of liquidity 1.788" (1.88) 0.0446" (1.80) 0.0235" (1.91)
Directors’ options holdings 70.00659&—1.21) 70.0080*(:1.58) 70.00679&;1.28)
Venture capitalist’s presence —0.0832" " (-2.15) —0.0951 " (-2.54) —0.1008 " (-2.63)
Firm age —0.0645""" (-3.12) —0.0566""" (-2.78) —0.0657""" (-3.22)
Total assets —0.0060 (~0.79) —0.0026 (-0.37) ~0.0012 (-0.16)
Governance 0.0004 (0.25) 0.0008 (0.53) 0.0010 (0.65)
Return volatility 1.4632"" (3.76) 1.3198"" (3.40) 1.4405™" (3.70)
IT sector 0.0092 (0.20) 0.0165 (0.36) 0.0110 (0.23)
IPOs in the same quarter —0.0879 (-1.06) —0.0632 (-0.82) ~0.0859 (-1.09)
IPOs in the previous quarter ~ —0.2127""" (-2.70) —0.2253"" (-2.81) —0.2200""" (-2.67)
Underwriter stabilization 0.0458 (1.05) 0.0852™" (1.95) 0.0860"" (2.00)
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Effective spread

Table 5

(continued)

Liquidity measure PIN Adverse selection component
Underwriter reputation —0.0138"" (~1.98) —0.0126" (-1.81)
Bookbuilding 0.1124" (1.83) 0.1037" (1.81)

R 0.28 0.32

Number of observations 337 337

Panel C: regressions with liquidity measures from matched-firm forecasts
Intercept 1.1878"" (3.14) 1.1068™ (2.90)
Liquidity 0.5376"" (2.11) 0.0279™" (2.10)
Variability of liquidity 475217 (1.94) 0.0682" (1.83)
Directors’ options holdings —0.0051 (-0.98) —0.0076 (-1.49)
Venture capitalist’s presence —0.0977"" (-2.53) —0.0947"" (-2.51)

Firm age —0.0583"" (-2.79) —0.0538"" (-2.51)
Total assets —0.0028 (-0.38) —0.0025 (~0.36)
Governance 0.0009 (0.54) 0.0009 (0.58)
Return volatility 1.4136"" (3.81) 1.3438""" (3.51)
IT sector 0.0252 (0.55) 0.0239 (0.52)

IPOs in the same quarter
IPOs in the previous quarter
Underwriter stabilization
Underwriter reputation

~0.0503 (~0.66)
—0.2526"" (—3.30)
0.0930"" (2.09)

—0.0127" (-1.84)

—0.0652 (-0.84)
—0.2738""" (-3.43)
0.0922"" (2.17)
—0.0154"" (-2.09)

—0.0151"" (-2.15)
0.1095" (1.84)
0.27

337

1.1672"" (3.04)
0.0248" (1.91)
0.0277"" (2.21)
~0.0069 (~1.32)
—0.1054"" (-2.77)
—0.0593""" (-2.86)
—0.0025 (-0.33)
0.0010 (0.62)
1.4105 (3.78)
0.0247 (0.53)
~0.0578 (-0.74)
—0.2473"" (-3.13)
0.0900"" (1.98)
—0.0152"" (-2.12)

Bookbuilding 0.1025" (1.78) 0.0973" (1.76) 0.1009" (1.79)
R’ 0.27 0.30 0.28
Number of observations 337 337 337

The dependent variable is the IPO underpricing, defined as the natural log of the ratio between the closing price
of the 20th day of trading and the TPO offer price. Panel A reports the coefficient estimates from an instrumental
variables (IV) estimation where we instrument for the level and variability of the liquidity measures (PIN,
adverse selection component of the spread, or effective spread) for sales by insiders and for IPO proceeds. Panel
B reports the coefficient estimates using regression forecasts of each liquidity measure based on pre-IPO
information. Panel C reports the coefficient estimates using forecasts of each liquidity measure based on size-
and sector-matched firms. The PIN is estimated using the maximum likelihood approach proposed by Easley et
al. (1996). The variability of the PIN is the standard error of the PIN estimated for the first four weeks of trading
using the delta method. The adverse selection component of the spread is obtained using the methodology
proposed by Lin et al. (1995) on effective spread data. The variability of the adverse selection component of the
spread is the range between the highest and lowest daily component value for the first four weeks of trading. The
effective spread is twice the deviation of the transaction price from the mid-quote price, multiplied by a trade
direction dummy and weighted by the number of shares traded, over the first four weeks of trading. The
variability of the effective spread is the average range between the highest and lowest effective spreads, calculated
for each trading day over the first four weeks of trading. Sales by insiders are the shares sold at the IPO stage by
the main shareholders as percent of the total shares outstanding at the time of the IPO. Directors’ options are the
directors’ holdings of options as a percent of outstanding shares after the IPO. Venture capitalist is a dummy
variable that equals 1 if the company had a venture capitalist as one of its main shareholders at the time of the
IPO and 0 otherwise. Total assets is the log of the sum of fixed assets and current assets in the year preceding the
IPO, in thousand pounds. Firm age is the log of the number of years from the firm’s original incorporation to the
time of the IPO. Governance is the ratio of independent directors to total number of directors in the firm’s Board
of Directors. Return volatility is the standard deviation of returns using mid-quotes sampled at one-hour
intervals over the first four trading weeks. IT sector is a dummy variable that takes the value of 1 if the company
operates in the information technology sector and 0 otherwise. Number of IPOs in the same (previous) quarter is
the log of the number of IPOs carried out on the London Stock Exchange (LSE) in the same (previous) quarter
relative to every IPO in the sample. Underwriter stabilization is a dummy variable that equals 1 when a
stabilization agreement is mentioned in the IPO prospectus and 0 otherwise. Bookbuilding is a dummy variable
that equals to 1 if the bookbuilding mechanism is used and to 0 otherwise. Size of the IPO is the log of the total
IPO proceeds. Underwriter reputation is the market share of each underwriter of the total IPO proceeds in the
twelve months before the IPO. Year dummies (not reported) are included as explanatory variables. Asterisks
(*, ** and ***) indicate statistical significance (at the 10%, 5% and 1% level respectively).
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in the first column, the adverse selection component in the second col-
umn, and the effective bid-ask spread in the third column). The z-statistics
are based on robust standard errors, computed using the Huber—White
estimator.

The overall explanatory power of the regression shown in Panels A-C
is satisfactory compared with those reported in previous studies of IPO
underpricing since it accounts for at least 25% of the variance in the
dependent variable. The coefficients of all the explanatory variables
carry the signs predicted in Table 4, except for the corporate governance
variable (i.e., the fraction of independent directors), whose coefficient is
positive though not statistically significant.

Impact of liquidity. All measures of liquidity and its variability have
positive coefficients. These coefficients are not only statistically signifi-
cant (some at the 5% and others at the 10% confidence level), but also
economically significant.'* In particular, the IV estimates imply that a one
standard deviation (SD) increase in the PIN (from its average level of
0.286 to 0.42) is associated with an increase of 16 percentage points in
underpricing,'® though the impact is lower in the firm-level and matched-
firm regressions. Likewise, increasing the standard error of the PIN by one
SD (from its average value of 0.042 to 0.06) increases underpricing by
almost 19 percentage points.'® A one SD increase in the adverse selection
component of the spread and in its range of deviation have comparable
effects on underpricing: 15.5 and 13 percentage points, respectively. Similar
estimates are obtained also for a one SD increase in the effective bid-ask
spread itself and its variability: 17 and 14 percentage points, respectively.
The impact of liquidity and its variability is significantly smaller when
they are estimated conditionally only on information available at the time
of the IPO. For example, Panel B shows that liquidity is forecast by
regression analysis, a one SD increase in the PIN is associated with an
increase of 8.3 percentage points in underpricing.'” Likewise, increasing the
standard error of the PIN by one SD increases underpricing by almost
4 percentage points. Similarly, a one SD increase in the adverse selection
component of the spread increases underpricing by 7 percentage points and

14 The correlation between underpricing and the PIN measure (adverse selection component) is 26% (28%),
whereas the correlation between underpricing and the standard error of the PIN (range of the adverse
selection component) is 39% (34%).

!5 This estimate is obtained by taking the difference between the antilog of the dependent variable’s
predicted value conditional on a one SD increase in the PIN and the antilog of the dependent variable’s
sample mean.

¢ A one SD increase in the liquidity risk when the bootstrap methodology is used (instead of the delta
method) is 14%.

7 This estimate is obtained by taking the difference between the antilog of the dependent variable’s
predicted value conditional on a one SD increase in the PIN and the antilog of the dependent variable’s
sample mean.
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the same increase in its range of variation increases underpricing by
8 percentage points.

Considering that fundamental risk and adverse selection are already
controlled for by the inclusion of other variables, it is remarkable that the
level and the variability of the liquidity measures have such a large and
precisely estimated impact on IPO underpricing.

Impact of company and IPO characteristics. In Table 5, the coefficients
of all the variables that according to the literature may capture the role of
informational asymmetries at the TPO stage have the predicted sign.
According to the estimates, underpricing is significantly lower when
directors have large holdings of options in the post-IPO firm, when a
venture capitalist has a stake in the company at the time of the IPO and
when the shares are sold by an underwriter with a solid reputation (as
measured by market share in the previous year’s IPOs).'® The bookbuild-
ing method appears to be associated with higher underpricing, as
expected, although in the baseline specification shown in the first column
its estimated coefficient is not significantly different from zero. Finally, in
line with the information spillover hypothesis, underpricing is signifi-
cantly lower if more IPOs are carried out in the previous quarter, though
not in the current one."’

As predicted by risk-aversion models, older companies face less under-
pricing when they go public while the opposite holds for companies with
more volatile after-market returns, other things equal. The coefficient of
the total assets is not always negative, as predicted, but it lacks statistical
significance. This reflects collinearity with the age variable: the log of
total assets has a strong correlation (0.58) with the firm’s age, and its
coefficient becomes significant at the 1% confidence level if age is
dropped.

The IT Sector dummy, which identifies IPOs in the IT industry, has a
positive but imprecisely estimated coefficient. Also the fraction of inde-
pendent directors, that many view as a mechanism to improve a firm’s
corporate governance, does not affect significantly the level of under-
pricing, possibly because of its endogeneity.

The underwriter’s stabilization in the aftermarket is a further control
variable. The literature shows that underwriters do stabilize the IPO in

Since the quality of the underwriter is to a certain extent under the control of the initial owners of the
company, according to Habib and Ljungqvist (2001) the estimate of its coefficient may be biased by
endogeneity problems, which may account for the positive relation between underpricing and underwriter
reputation documented by Beatty and Welch (1996). However, in our data the relation between the two
variables is negative as in the initial study by Carter and Manaster (1990).

If TPO activity is measured by the proceeds rather than by the number of recent IPOs, the spillover is
contemporaneous, not lagged as in Table 5. In such a specification (data not shown), the coefficient of the
IPO proceeds in the same quarter is negative (-0.0535) and statistically significant at the 1% level, whereas
the coefficient of current IPO proceeds is not statistically significant.
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the very first days of after-market trading. Stabilization could be a
potential problem for our estimates if we do not control for it since it
may increase both the degree of underpricing and the liquidity in the
market. The stabilization dummy variable indicates if a stabilization
agreement is mentioned in the IPO prospectus, which happens in several
medium-sized and large IPOs (mainly undertaken on the MM). As
expected, the coefficient of this variable is positive, in agreement with
the evidence reported by Ruud (1993).

Finally, in the IV estimation we find that the TPO proceeds carry a
positive coefficient, consistently with signaling and agency models, but
lacks statistical significance. Likewise, the coefficient of sales by insiders
lacks statistical significance.

3.6 Robustness checks

A potentially controversial issue is over which period we should measure
underpricing, liquidity, and its risk. This amounts to asking what is the
typical trading horizon relevant for IPO investors. Different time hori-
zons will be relevant for different “types” of liquidity-motivated traders.

The statistics reported in Table 3 show that trading activity is abnor-
mally high in the first few days in the aftermarket. This suggests that
“flippers” are likely to be a considerable fraction of the initial TPO
investors. However, since underpriced IPOs attract substantial interest
from investors who are often severely rationed at the time of the offer, the
large volumes transacted in the very first days may also reflect pent-up
demand for these securities by long-term investors. The decision on the
appropriate time horizon for our analysis must also trade-off the benefit
from a more accurate measurement of liquidity associated with a longer
interval and the danger of including confounding events (such as news
releases) that can affect liquidity and its variability.

We test the robustness of our results to changes in the holding period in
two directions. First, we shorten the horizon over which we measure
underpricing, computing it relative to the closing price of the first trading
day as customary in the IPO literature while relying on the same liquidity
variables used as explanatory variables in Table 5. Comparing the coeffi-
cient estimates obtained by this method with those shown in Table 5, we
find that the impact from liquidity and its risk on underpricing is robust
to the choice of the holding period.

We also check the robustness of our results to the type of market used
for the IPO. In principle, the impact of liquidity and liquidity risk on [PO
underpricing may differ depending on the type of market used by the
issuer to carry out the IPO. Liquidity and its risk are likely to play a more
important role in the IPO underpricing for firm listing on the AIM since
small firms are notoriously less liquid than larger firms. We address this
concern by re-estimating the model separately for MM and AIM IPOs.
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We find that, though liquidity is priced for IPOs on both MM and AIM,
the estimated impacts of liquidity and liquidity risk on underpricing are
generally larger for companies listed on the AIM.

4. Conclusions

Does after-market liquidity matter for IPO underpricing? In this article
we show that it does. Investors participating in IPOs want to be compen-
sated not only for the firm’s fundamental risk and adverse selection costs
in the TPO process, but also for the expected liquidity of the shares they
are buying and for the risk of an illiquid secondary market.

At the theoretical level, we make this point by a model where IPO
underpricing is affected not only by adverse selection at the PO stage and
by fundamental risk, but also by the asymmetric information that they
expect to persist in after-market trading and by the implied trading costs.
Our setting can accommodate also the potential for different liquidity
regimes and therefore formalizes the notion of “liquidity risk” as distinct
from fundamental risk as well as from the expected level of liquidity. The
model nests nicely traditional explanations and our liquidity-based view
of TPO underpricing.

We test for the presence of liquidity effects on IPO underpricing after
controlling for the variables suggested by other theories of IPOs. In line
with the model, in measuring liquidity we focus particularly on the por-
tion of after-market trading costs that can be attributed to asymmetric
information. Using a sample of companies that went public on the LSE
between June 1998 and December 2000, we find that expected after-
market liquidity and liquidity risk are important determinants of IPO
underpricing, even though we control for all the other factors that have
traditionally been used to explain underpricing. The results are robust to
the use of alternative measures of expected liquidity and of liquidity risk.
They are also robust to corrections for measurement error and endogene-
ity of the liquidity variables to different holding periods and to splits
across market segments. These results highlight an important and
neglected link between market microstructure and corporate finance:
secondary market liquidity affects the cost of equity capital for companies
that choose to go public.

Appendix
Derivation of equation (15)

Under risk aversion, Equation (1) must be restated in terms of expected utility: investor j
bids for shares at the IPO only if

E[UP))] + (1 = 2 E[U(P2]))] = UPo). (AD)
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Therefore, the informed investors’ bids will impound their private information #; only if

zE[U(PE|iy = n)] + (1 — 2)E[U(P2|iy = )] > U(Po) > zE(P? ity = —n)

. (A2)
+<1 7Z)E(P2 u = 77]).,

s

which, using Equation (2) and recalling that P, = V +iiy + iin, can be rewritten as

zU(VJrnquIrZE) +%[U(V+n+s)+U(V+n7€)] > U(Py) >zU(V7n7q:IL’s> -
: 3
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5
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If condition (A3) holds, the informed traders’ optimal strategy is to bid only if #; = 7. We
shall see that this condition is met in equilibrium, if uninformed investors participate.

From (A1), uninformed investors instead bid for shares if

=i . 1 - - 1
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p
1= N 1= -
+(1=2)(1-m,) EU(P2|u|:—n,u2:E)+§U(P2}u|:77],u2:75 > U(Py),

which, using Equation (2) and the definition of P,, becomes

Z[‘/ruU<V+7/—qize) +(1 —m,)U(V—n—qizg)} +%{W”[U(V+T/+E)

+UV+n—o)]+(1—-m)[UV —n+e)+ UV —n—ce)l} > U(Py).

The company will set the offer price at the highest level consistent with participation by the
uninformed investors in the TPO, that is, will choose Py so that this condition holds with
equality. This implies that condition (A3) concerning informed investors is satisfied, since
U(Py) is an average of its left-hand and right-hand side expressions, with weights 7, and
1 — m,. It follows that, as under risk neutrality, m,= A/(1 — )\). Using this result in the
previous condition taken with equality, we obtain the following condition defining the
equilibrium offer price:

A q 1 q
U(Py) = U(v+n- —U(v—n-
(Po) ZLJN\ ( o q+z€>+1+)\ ( " q+25>}

+%{1%[U(V+n+e)+ U(V+y,-a>]+l+LA[U(V_n+e>+U(V—y,-e)}}

(A4)

Taking a second-order Taylor-series approximation of the right-hand side and collecting
terms, one can rewrite expression (A4) as

U(P@zU(V)—U’(V)(unJrz 4 5>

I+A q+z )
+ 2 z

a1\ 1-) ¢
n”+ <—) 24221 p¢
! q+:z l+/\q+zl

and, collecting terms and recalling that the spread’s bid-side portion Sg = [¢/(q + z)]e:

+(1 —z)(7]2+52)}.

P + 5

U(Py) =~ UV) = U(V) (—nﬂsg +— [nz +(1—z2)& +z(5§+2i;—:\\nsg)}

which yields Equation (15) through the steps explained in the text. Of course, no approx-
imation is required if the utility function is quadratic.
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Derivation of equation (17)

For brevity, in this case to determine the equilibrium price Py we concentrate on the
participation condition of uninformed investors. Based on Equation (Al), these investors
bid if

Ky B~ ~ B[~ ~
27“ [UPEliy =n.G=qu) + UPY|in =n.q = q1))
1-m, [

5 [UPF|in = —n,q = qn) + U(PF|in = —n,§ = qu)]

- : i (A3)
+(1 72)7“ [U(P]iy =,y = €) + U(P2|iy = n, iy = —¢]

-, . 50 _
+(1=z2)—— 3 (UPs|ity = —n,iy = €) + U(Po)ity = —n,i1 = —¢]| > U(Py).

Taking this condition with equality, substituting the conditional values of P# and P for this
case and setting m, = A\/(1 — \), one obtains the following condition for the equilibrium
offer price Py:

U(Py) g—d (V >+U<V+n7qurze>}
N O e
+1= Z{ V+7]+e)+U(V+n75)]+1+%[U(V771+£)+U(anfe)]}.

Taking a second-order Taylor-series approximation of the right-hand side and collecting
terms, one can rewrite expression (A6) as

U(Po) ~U(V) — (V)[ ;\;+ (qH +q—L~)e]

qu +z qL+z (A6)
v'wv)| , = ( qu )2 ( qL >2 1= (fIH qn )
7+ I N R a—— :
* 2 {’]+2 qu +z qr+z +(1-2)e 1+ A +Z+11H+Z "

or using E(Sp) =1lgn/(qu +2z)+qr/(qL+2)e and  E(S3) =1illgn/(qun +2) +
laz/(qr + 2]

U//( V)

v ~ v - v (e Esn ) + T3 (- 92

A
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which yields Equation (17) through steps similar to those explained in the text for the
derivation of Equation (15).
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