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In the TPO market, investors coordinate on acceptable IPO price based on the
performance of past IPOs, and this generates an incentive for investment banks to
produce information about IPO firms. In hot periods, the information produced
by investment banks improves the quality of IPO firms, and this allows ex ante
low quality firms to go public and increases the secondary market price, thus
synchronizing high IPO volumes and high first day returns. When investment banks
behave asymmetrically in information production, the “reputations” of investment
banks are interpreted as a form of market segmentation to economize on the social
cost of information production. (JEL G24, C73)

In the United States, initial public equity offering (IPO) is a major channel
through which private firms receive financing from public investors.!
However, the number of IPOs and the total proceeds raised fluctuate over
time. There are “hot markets” and “cold markets” (see, for example,
Ibbotson and Jaffe (1975) and Ritter (1984)). Hot IPO markets have
been characterized by an unusually high volume of offerings and severe
underpricing, while cold IPO markets have much lower issuance and less
underpricing. In this article, a theory of IPO waves is proposed based on
the role of investment banks in certifying new firms for IPO. Fluctuations
in IPO volume and first day return are an inherent part of the IPO market
instead of a result of exogenous variations in economic and secondary
equity market conditions.

The existence of PO market dynamics is a puzzle because the aggregate
capital demand of private firms cannot fully explain the fluctuation in
IPO volume. Lowry (2003) finds that the variation in IPO volume is
far in excess of the variation in capital expenditure. Related to the
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capital demand explanation, some works argue that there is information
externality driven by technological innovations causing IPOs to cluster in
time (see Stoughton, Wong, and Zechner (2001), Benveniste, Busaba, and
Wilhelm (2002), and Maksimovic and Pichler (2001)). But Helwege and
Liang (2004) find that industry clustering is not unique to hot markets,
and they conclude that technological innovations are not the primary
determinant of hot markets because the IPO market cycles with a greater
frequency than underlying innovations.

Another line of research on IPO waves links the IPO market to
the secondary equity market. Pastor and Veronesi (2005) argue that
entrepreneurs time the equity market conditions to exercise their “real
option” of taking their firms public. Several other articles suggest that a
high IPO volume is due to some form of irrationality or mispricing which
“overvalues” IPO firmsin a hot period (see Rajan and Servaes (1997, 2003),
Lerner (1994), Pagano, Panetta, and Zingales (1998), and Lowry (2003)).
Lucas and McDonald (1990) provide a theory of equity offering dynamics
with endogenized time varying market “mispricing” due to information
asymmetry between investors and entrepreneurs. These market-timing
arguments explain well some of the stylized facts in the IPO market and
the secondary market, however, the stylized facts in underpricing and
its variation across time have been ignored by simply equalizing a high
secondary market price to a high payoff to the entrepreneur.

As we have discussed above, there are a few explanations for the
dynamics of IPO volume,? but little has been said on the dynamics of first
day return. It is hard to explain why firms leave more money on the table
when the market is hot (See, for example, Loughran and Ritter (2004)).
Our theory generates dynamics in both volume and first day return. In
a hot period, the information produced by investment banks makes it
possible for investors to accept firms that would have been excluded
without information production, and this explains the high volume. At
the same time, the produced information improves the ex post quality of
the IPO firm and drives up the secondary market price, and this leads to a
high first day return.

We model the IPO market as a certification game among firms, investors
and investment banks, as in Lizzeri (1999). The information asymmetry
between IPO firms and outside investors provides two certifying roles
for investment banks in IPOs. First, investment banks post underwriting

Many articles discuss the firms’ decision to go public, and they also shed some light on IPO market
dynamics. Subrahmanyam and Titman (1999) explore the linkage between stock price efficiency and the
choice between private and public financing. Chemmanur and Fulghieri (1999) study the trade-off between
selling to a private venture capitalist (wWho requires a higher risk premium but has private information about
the firm) and selling to numerous small investors (who are less risk averse but can acquire information
at a cost). Zingales (1995) argues that going public offers the advantage of a dispersed shareholder base
which yields a higher acquisition price.
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fee and offer price,> which determine the number of shares retained
by entrepreneurs and affect their incentives to take firms public. Thus,
underwriting fee and offer price serve as screening devices that control the
quality of the firms that choose to go public. Second, investment banks can
acquire information about the quality of IPO candidates, thus improving
the quality of IPO firms by selectively approving firms.

Dispersed small investors coordinate on acceptable offer price and
underwriting fee, which we interpret as “investor sentiment,” and
investment banks charge the fee and set the offer price based on the
perceived investor sentiment. We construct an equilibrium in which the
acceptable offer price fluctuates over time depending on the performance
of past IPO firms. To avoid the “punishment” from investors, investment
banks produce information in hot periods, when the acceptable offer price
is high and more firms are willing to go public. Cold periods, when the
acceptable offer price is low and fewer firms are willing to go public,
are triggered after certain number of low quality IPO firms is observed.
As in Green and Porter (1984), cold periods serve as a ““punishment” to
discipline the behavior of investment banks.

The decoupling of the IPO price from the secondary market price is an
important feature of the model. The IPO price in our model does not reflect
the true value of an IPO firm. Instead, it serves as a screening device. The
secondary market price, however, does reflect the firm’s fundamentals.
Underpricing (as first documented by Ibbotson (1975)) is a necessary
condition for an IPO to succeed. As another important feature of our
model, the underwriting fee also serves as a screening device, and it is a
“reputation premium’ paid to investment banks to induce information
production. Therefore, a high underwriting fee (highlighted by Chen
and Ritter (2000) and Hansen (2001) as the 7% puzzle) is an efficiency
requirement for the IPO market.

When investment banks behave asymmetrically in information
production, the reputation effect is generated from market segmentation
instead of banks’ difference in information production technology. The
reputation of an investment bank reflects what it does in equilibrium
instead of what it is capable of doing. It is shown that market segmentation
is necessary to economize on the social cost of information production.
In equilibrium, investment bank reputation and market segmentation are
enforced by the belief of investors.

The article proceeds as follows. We set up the basic model in Section 1.
In Section 2, we study the stage game of the model. In Section 3, we study

During the commonly used practice of “‘bookbuilding,” the investment bank sets a preliminary offer price
range and adjusts the IPO price based on demand side information. In this article, the communication
between the investment bank and the investors is not modeled, and the IPO price is set directly by the
investment bank. See Spatt and Srivastava (1991) for an example of preplay communication between
buyers and sellers in IPOs.
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the game in a repeated setting and construct an equilibrium with IPO
waves. In Section 4, we extend the model to multiple investment banks
and firms to check the robustness of IPO waves and discuss investment
bank reputation. We conclude in Section 5. Technical notes and proofs
are provided in Appendix 1 and Appendix 2, respectively.

Model Setup

In an economy with an infinite number of periods, there is an infinitely
lived investment bank (I-Bank) and a continuum of infinitely lived small
investors.

At the beginning of each period a new firm (or entrepreneur) arrives,
which lives for one period.* The firm needs resources (normalized to 1) at
the beginning of the period to finance a project, which has a liquidation
value v realized at the end of the period. The liquidation value v has
two possible realizations, vy and vy. We assume vy > 1 > vy. The firm
does not know v. Instead, the firm knows the probability of v being vy,
denoted as 6 € [0, 1], which is private information. We call 6 the “type”
of a firm. The type of a firm cannot be observed by outsiders, but the
probability distribution function g(6) is public knowledge. Denote G (6)
as the cumulative distribution function of g(0).

If a firm goes public through an I-Bank, the I-Bank can spend a cost
¢ to get a signal about the liquidation value v. We call this information
acquisition “inspection.” The signal s has the following properties:

_ | su with probability 1
Ifv=wvy,s= { s, with probability 0
. | sp with probability A > 0

andifv=v, s = { s with probability 1 — .

This assumption tells us that the I-Bank always obtains good signals
for truly good projects, but noisy signals for bad projects.”> We call this
information production “inspection.” If the I-Bank does not inspect the
firm, it always obtains a good signal (which is equivalent as no signal is
obtained). Investors cannot observe the inspection.

This assumption eliminates the possibility of market timing.

This assumption substantially simplifies our analysis. If an I-Bank gets a bad signal about a firm, then
with probability 1, the firm is of low value, while a good signal can be obtained from firms of both low
value and high value. In this case, a firm that is rejected by an I-Bank due to a bad signal will never get
financed no matter how high 6 is. In a more general case, if a bad signal can come from firms of either low
value or high value, then when there are more than one I-Bank, a firm rejected by one I-Bank can turn
to another I-Bank as long as its 6 is high enough. The key ingredients for our information production
technology are: (i) The information produced by the I-Bank is complimentary to the information that the
firm has; (ii) The information produced by the I-Bank is imperfect.
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The time line for the stage game is as follows:

1. The I-Bank posts the underwriting fee ¢.

2. The firm, after observing ¢, chooses to go public at a fixed cost
k > 0 or stay private.®

3. The I-Bank decides whether it should expend a cost ¢ to get a signal.
Then it decides whether to approve the firm for IPO or not. If the
firm is approved, the I-Bank posts the IPO price, po.’

4. The investors decide whether to buy the shares of the firm after
observing ¢ and py.

5. The shares are traded at p; (the entrepreneur is not allowed to
trade).

6. The firm’s true value is realized.

We assume that after a firm chooses to go public, it cannot withdraw
no matter what py has been posted by the I-Bank, and this is without loss
of generality since « is a sunk cost and the firm does not have incentive to
withdraw as long as the continuation payoff is nonnegative.

We also assume that there is a lockup period after the IPO, during
which the entrepreneur is not allowed to trade until the true value
of the firm is realized. This assumption is necessary. The entrepreneur
has private information about the firm, and the existence of an I-Bank
does not completely eliminate the information asymmetry between the
entrepreneur and the investors. If we allow the entrepreneur to trade
before the true value of the firm is realized, no trade will occur due to
the adverse selection problem. Therefore, p; is the investors’ expectation
about the firm value conditional on that it is approved by the I-Bank for
IPO.

In order to pay ¢ to the I-Bank, the total IPO proceeds needed amount
to 14 ¢. Therefore, the underwriting fee is “contingent;” that is, the
I-Bank does not get paid unless the IPO succeeds.

If the I-Bank expends the cost ¢ and only approves firms with a good
signal, then a type 6 firm gets approved with probability ¢ (6). So:

q@) =0+ 1-60)1-2n). (1

For simplicity, we assume that firms must use an I-Bank to go public, because an I-Bank is the only avenue
for signalling its type. We assume that «, which includes such fixed costs as hiring legal council, preparing
a business plan, having the financial statements audited, etc., is not large enough for this purpose. This
assumption does not affect the main results. For example, if, in the model, we allow the firm to go public
without an I-Bank, we can limit ourselves to studying equilibria in which investors only buy IPO shares
from the firms with an underwriter, and the corresponding beliefs can be easily constructed.

In an earlier version of the paper, we assumed the I-Bank posts p( before the firm decides to go public.
However, the order does not matter here as it does not affect the outcome of a Nash equilibrium.
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From the point of view of a firm of type 6, the probability of being high
value, conditional on being approved, is:
0 0

Y =10 T ira-aa-n

()

Setting A = 0 gives the case in which the I-Bank approves the firm for IPO
without inspection.

In this economy, the investors, the I-Bank, and the entrepreneur share
the total social surplus, which is the gain from investing in firms with
high project values net of the loss from investing in firms with low project
values. The investors’ profits come from underpricing; the I-Bank’s profit
comes from underwriting fee net of inspection cost; the entrepreneur’s
profit comes from share retention.

. Stage Nash Equilibria

As a prelude to studying the repeated game, we first analyze the stage
game, a one period version of the model. The formalization of the stage
game can be found in Appendix 1.

We will use the sequential equilibrium concept (see Kreps and Wilson
(1982)) throughout this article, and we will focus on symmetric (among the
investors) equilibria. The beliefs that the investors have about 8¢, which is
the type of a firm that is approved by the I-Bank for IPO, can be written
as a function of ¢ and pg, u® : Ri — D([0, 1]), where D(J0, 1]) is the set
of cumulative distribution functions on [0, 1]. The secondary market price
p1 1s calculated based on these beliefs:

1
pi = /O 090 + (1 — 6o, 1du (6%, 3)

u? is determined by the equilibrium strategies of the firm and the
investors. For convenience, we denote ® as the set of types, with
which a firm chooses to go public, and we call ® the “feasible set”
of types.

Definition 1. In the stage game, an IPO-equilibrium is a pure strategy
symmetric sequential equilibrium in which IPO occurs with a nonzero
probability.

In general, the equilibrium strategy for an investor can be “buy after
observing {¢, po} in a subset of R;’ .’ Based on its belief about other
players’ strategies, the I-Bank decides on what fee and IPO price to post
and whether to inspect the firm. The firm decides whether to go public.
The following (technical) lemma shows how the analysis can be simplified
without loss of generality.
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Lemma 1. For any IPO-equilibrium with an equilibrium outcome {¢*, p;}
if an IPO is approved, we can find an equilibrium with the same outcome
using the following simple strategy for the investors: the investors buy only
after observing {¢*, p;}, but not after observing any other {¢, po} posted by
the I-Bank.

Proof. We only need to show that the above simple strategy is optimal for
each individual investor. When a pair {¢, po} other than {¢*, p(} is posted,
given that no other investors decide to buy, not buying is a best response
for an individual investor. |

We interpret {¢*, p;} as a focal point for the investors. Equivalently,
for any equilibrium strategies that generate {¢*, p;} as the equilibrium
outcome, we can always identify the focal point as if the investors
would buy only after observing {¢*, pj}. In expecting the investors’
focal point, the I-Bank rationally posts ¢* and p;, and the firm
calculates the implied retained shares and makes its decision of
going public based on its own type. The formation and evolution of
focal points and beliefs will play an important role in the repeated
setting. To highlight that, we call the investors’ focal point {¢*, p;}
“investor sentiment,” and our definition of investor sentiment reflects
the “fair” pair of IPO price and underwriting fee that is acceptable by
investors.

We can write the payoff to the investors as:

1
= ﬂ(m — Po). 4)
Po

As we can see, given the belief about 6%, there are many ‘““fair” pairs
of IPO price and underwriting fee that yield positive expected payoffs
to the investors. Given {¢, po}, the investors form their beliefs about
6 and calculate p; as a function of ¢ and py, and, as long as
po < p1(¢, po), the investors always get nonnegative expected payoffs.
A strategy in which the investors accept all ““fair” pairs of {¢, po}
would lead the I-Bank to post a high ¢ and py (high py is to
attract more firms to go public) such that py = pi(¢, pp), and that
would drive the payoff to the investors to zero since there is no
underpricing.

Dispersed investors is a key assumption to guarantee underpricing and
profits for the investors. In an IPO-equilibrium, to discipline the behavior
of the I-Bank in posting fee and IPO price, the investors’ strategies involve
truncating some “fair” pairs of {¢, po} from their list of acceptable ones.
Labeling this “investor sentiment” seems natural in the sense that the
investors would refuse to buy IPO shares at some ex post fair price/fee
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pair posted by the I-Bank.® More importantly, in the repeated setting, the
fluctuations of focal points further discipline the behavior of the I-Bank
in information production. Without loss of generality, we will focus on
the equilibria with the simple investor strategy described in Lemma 1.
Lowry (2003) and others find that investor sentiment is an important
determinant of IPO volume. Lowry (2003) defines investor sentiment as
investor “optimism,” which leads to mispricing in the market. In our
model, the focal point of the investors’ coordination provides a rational
interpretation of investor sentiment.

Two observations can be made before we characterize the equilibria of
the stage game. First, in any stage [PO-equilibrium, since the investors
cannot observe whether the I-Bank inspects or not, the [-Bank approves
any applicant for IPO without inspection. Secondly, in any stage IPO-
equilibrium, the feasible set of types can only be in the form of ® = [0, 1]
with 6 being some cutoff value. To see this, we can write the expected
payoff of a type 6 firm that chooses to go public without inspection as
follows:

1
7r(60) = [Bug + (1 - e)vL]( - %) — . (5)

It is easy to show that 7 (@) is increasing in 6.
For a given pair of {¢, po}, define 6 as such that 7 (0) = 0. The belief
about the type of a firm after it is approved for IPO can now be written as:
8(%)
—————dO* when 6 > 0
dp* ) =43 1-G(6) -
0 when 6% < 6

(6)

The following proposition gives a necessary and sufficient condition for
the existence of an [PO-equilibrium in the stage game.

Proposition 1. In the stage game, there exists an IPO-equilibrium in which
the I-Bank approves a firm for IPO without costly inspection if and only if

Notice that since we have a continuum of investors, we do not need to change the investors’ beliefs p?
to make them optimally choose not to buy: when all other investors decide not to buy, not buying is
the optimal choice of an individual investor. It would make a difference if we had a single investor: we
need to assume a crazy belief off the equilibrium path, for example, % (0) = 1, that is, only the lowest
type firm is approved for IPO if the I-Bank posts a different fee charge or IPO price. % (0) = 1 can be
supported if the investors believe that the I-Bank inspects the firm and approves the firm only when a bad
signal is observed, and this is consistent with the firm’s decision, which is to go public with 8 € ® =[6, 1].
However, the investment bank’s strategy of inspecting the firm and approving it with a low signal is strictly
dominated by the strategy of not inspecting the firm and approving the firm. Therefore, for the case with
one investor, if we exclude these types of strictly dominated strategies when we construct off-equilibrium
beliefs, then only IPO-equilibrium with no underpricing exists since the I-Bank will always set a high pq
to attract firms.
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{¢, po} and the associated 0 satisfy:

g()

- G@d@. @)

1
1+¢SP0§/ [Bvg + (1 —6)vg]
0

Proof. In equilibrium, the number of shares sold to public in an IPO
cannot exceed 1, and that implies 1;—0‘1’ < 1. The second half of the inequality
comes from py < pj, since otherwise, no investors will buy IPO shares. In
order to make {¢, po} optimal for the I-Bank to post, investors’ strategies
are “‘refuse to buy for any {¢’, p;} # {#. po}.” |

Next, we briefly discuss the efficiency of stage [PO-equilibria.
In a stage [PO-equilibrium, we can calculate the social surplus as follows:

1
Wo = / [fvm + (1 —O)v — 1 —«]g(0)do. (8)
0

For comparison, let us also calculate the social surplus when the I-Bank
inspects the firm and approves it for IPO only when a good signal is
observed. Similarly, the feasible set of types can only be in the form of
® =[0, 1] with 6 being some cutoff value. To see this, we can write the
expected payoff of a type 6 firm that goes public after being inspected as
follows:

1 (0) = [Bvg + (1 —6)(1 — )] (1 - 1:—0¢) — K, 9)

which is increasing in 6.
With inspection, the social surplus can be written as:

1
Wi = / g —D+A-0)1 -2, —1)—c—«lg®)do, (10)
0

which is increasing in A and decreasing in c.
e Assumption: vy > 1+« +c.

With the above assumption, W; is maximized at 0 =067 =
%, and W, is maximized by setting 6 = 07 = lv‘:‘%v’f It
is easy to check that 07 is increasing with ¢ and « and decreasing with A,
while 67 is increasing with «.

When the inspection cost ¢ is small enough, the socially optimal Wy is
greater than the socially optimal Wj. For the rest of the article, we assume
Wi > W;. In the stage game, the I-Bank has no incentive to inspect a firm,
thus the highest social surplus cannot be reached in the stage game.

In the next section, we will discuss how the information production
behavior of the I-Bank interacts with the screening devices, pg and ¢, in
generating IPO waves.
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. Repeated Game

In a repeated setting, the investors, the firms, and the I-Bank make
decisions based on history. In this economy, the public history is
W' = {2 h,_1} € H', with h~! = @ and

ht={¢17XfaP0t,Plt,Uz}€ H, (11)
here y* — 0 if no PO succeeds
W Xt =1 1if an IPO succeeds

The investors’ strategy at time r is o, : H' — S;; a firm’s strategy
at time ¢ is op : H' — Sp; the I-Bank’s strategy at time ¢ is op, :
H'" — Sp. S;, Sp and Sp are the stage strategy spaces as defined in
Appendix 1.

Given the realizations of firm type, 0;, and firm value, v,, a strategy
profile 0 = (0, 0, 05), determines a stochastic process of fee charges,
{#,:172,, TPO prices, {po/};2, secondary market prices, {pi,}>°,, feasible
sets of types, {©,}72, probabilities of a type 6 firm being approved by
the I-Bank, {g,(6)}72,, and the investors’ beliefs about firm type after it is
approved by the I-Bank, {¢¢}%.

The expected payoff for the investors can be written as:

o0
VI(UIvGFsUB):E|:28tXt(plt_p0t):|s (12)
t=0
The expected payoff for the I-Bank can be written as:
oo
VB(GI’O'FvGB):E[ZSIXt(¢t_ltc)i|a (13)
t=0

where 1, is the indicator function of the I-Bank’s decision on inspection.
The expected stage payoff for a type 6 firm if it chooses to go public can
be written as:

1+ ¢,

Por

(14)

A symmetric (among investors) sequential equilibrium with public
information is called Perfect Public Equilibrium (PPE) (see Fudenberg,
Levine, and Maskin (1994)). This is the equilibrium concept that will be
used; it is a triplet (o, o F, 0 p) that satisfies the following conditions:

mr(0)(01,0F, 08) = q (OO} @)vy + (1 — 07 (0))vL] (1 -

1. When x{ =1, p1i; > por.

2. Vg(or,0p,08) > Vg(o,0Fp,0p)foranyop # op.

3. For any 0 € ©;, np(0)(0o;,0F,08) >0, and for any 0 ¢ ©,,
(@) (o, 0F,08) <O0.
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Notice that in condition 1, we do not write out V;(o;,0F,0p) >
Vi(©;,0F,0p)foranyo; # o;. Thereasonis that no individual investor’s
decision affects the equilibrium outcome, and the only case when an
individual investor can be better off by deviating from the aggregate
investor strategy is when all other investors decide to buy at py, and
Pl < por-

We provide some results on the characterization of a PPE in Appendix 1.

Again, we will focus on the equilibria with the simple strategy that we
introduced in the stage game, that is, in period ¢, investors will coordinate to
buy only when they observe some {¢}, pg,}. It is without loss of generality;
each sequential equilibrium can be supported by such a simple strategy.
This is similar to the idea of a “‘sustainable plan,” as in Chari and Kehoe
(1990).

As discussed in Section 2, when the inspection cost is low enough, it
will be more efficient to have the I-Bank inspect the candidate IPO firms.
In the stage game, as we have already shown, the moral hazard problem
cannot be solved because inspection cannot be observed. In the repeated
game, we will show (by construction) that there exist equilibria in which
the I-Bank engages in costly inspection and truthfully reports the signal.

The realized values of IPO firms are used by the investors to monitor,
though imperfectly, the inspection behavior of the I-Bank, and (we can
formally prove that) the continuation value of the I-Bank has to depend
on the realized values of IPO firms to induce the I-Bank to produce
information in equilibrium. However, as we will show, because the signals
that the I-Bank obtains are imperfect, there does not exist an equilibrium
in which the I-Bank inspects firms every period.

Lemma 2. There does not exist a PPE in which the I-Bank inspects the
firms that apply for IPO every period on each equilibrium path.

Proof. See Appendix 2. |

Intuitively, in order to provide an incentive for the I-Bank to produce
information, the I-Bank has to be punished when a low value is realized
for an IPO firm (or when there is some history of low value IPO firms).
It is possible that a low value keeps occurring on the equilibrium path,
which drives the payoff of the I-Bank to the lower bound. However, when
the payoff to the I-Bank is low, the present payoff has to be very low so
that the future payoff can be high to allow for enough payoff variations to
generate incentives for the I-Bank to produce information. This is simply
impossible.

Therefore, we will focus on equilibria in which the I-Bank produces
information in some periods, but not in other periods. In Section 3.1
below, we will construct such an equilibrium with Green and Porter (1984)
type trigger strategy.
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3.1 An equilibrium with “Hot” and “Cold”’ IPO markets

There are many ways to construct a public perfect equilibrium, and efficient
outcomes in general involve public randomization. The equilibrium that
we construct has the following features:

1. There are normal (hof) and punishment (cold) periods in the
economy.

2. In a hot period, the I-Bank inspects the firm at a cost and truthfully
reveals the signal, and the efficient stage outcome with inspection
is reached, that is, the optimal cutoff value 67 is implemented. In a
cold period, the I-Bank does not incur the cost of inspection, and
the efficient stage outcome without inspection is reached, that is,
the optimal cutoff value 67 is implemented.

3. We look at an equilibrium in which ¢ does not change over time,
that is, ¢" = ¢° = ¢ in both hot and cold periods.’

4. Cold periods, as a punishment to the I-Bank, are triggered after a
low value is observed for an IPO firm in a kot period. After several
periods of punishment, the economy goes back to a /ot period.

Formally, the equilibrium is constructed as follows.

Each period can be either /ot or cold. Define period ¢t to be hot
if (@) t=0, or if (b) t—1 was hot, and h,_; = {¢,1,pk,pt, vy} or
{o" .0,pt .t _vimi}, orif ()t — T — 1 was hot, t — T was cold (as we
will define in a moment) and ¢ — 1 was cold. Define period ¢ to be cold if
(@) t — 1 was hot, and hy—1 # {$.1,pg.p}, vir} or {¢]_1.0.pg, _y.PY,_p.vi-1),
orif (b) t — 1 was cold, and either t — 7 is hot forsomet < T ort < T.

The above description says: (i) the punishment lasts for T periods before
the economy goes back to a hot period; (ii) the punishment is triggered
after an observation of either a low value IPO firm or some deviation of
the I-Bank.

In a hot period, the investors buy only after certain {¢, pé‘} is observed;
in a cold period, the investors buy only after certain {¢, pg} is observed.
{0, pg} and {¢, pg} satisfy the following conditions:

03 + (1 — 03)v;] <1 1t ) k=0 (15)
0
[07vm + (1 — 651 = Mvr] (1 _ 1;1(;5) k=0, (16)
0

In general, fluctuations in both underwriting fee and IPO price drive the market dynamics in our model.
In practice, the underwriting fees in terms of gross spread do change across firms and over time, however,
the variability of fees (which are typically 7%) is a lot smaller than the variability of IPO price and
underpricing. By looking at equilibria with constant underwriting fees, we can focus our attention on how
time varying IPO prices affect volume and underpricing.
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where 67 and 07 are the socially optimal cutoff values with or without
inspection as defined earlier.

Again, let ®, be the feasible set of types at time ¢. ®, changes over time
as follows:

®" = [0%, 1]if ¢ is hot
©° =165, 1]if t is cold
For the beliefs after a firm is approved, we have:
B wi* if ¢ 1s hot
poe={ M (18)
ug* if ¢ is cold
and p{* & pg* can be expressed as:
9*
0 if 9 < — L
67+ (1 — 6D — 1)
0 1—-0)(1—1)]g@® 1 —A)0¢
Jorlf + (1 =) (A = D)]g(B)db 1-39
9*
ifo* > — L
07+ 1 -0 -2)
(19)
and
0if 6 < 65
dug* (e = a . 20
#o (0%) 7‘?(9 ) dg* otherwise 20)
1 -Gy

The expressions of ug* and u{* tell us that, in cold periods, all the firms
with a type higher than 6; choose to go public and get approved, and
in hot periods, all the firms with a type higher than 67 choose to go
public and get approved only when the I-Bank gets a good signal after
inspection.

Investors coordinate with each other to discipline the behavior of the
I-Bank, and the fluctuations of investor sentiment (focal point {¢, po})
govern the fluctuations of the TPO market. The firms’ incentives to go
public vary with IPO price, and so does the I-Bank’s incentive to produce
information.

In cold periods, the probability of a firm being approved for IPO is:

1
00= [ s@s. @)

0
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In a hot period, the probability of having a firm approved for IPO is:
0= [+ 01— nizras 22)
1
Define:
0)= fal g(0)do, (23)
1

and we can see Q> is the probability that a firm chooses to go public (might
be rejected though) in a hot period.
Define:

1
p= 9*(1 —0)(1 —2)g(0)do 24
1

1
andp = [ (1 —6)g®)de.
o7

We can see that p is the probability of an IPO firm being low value in a
hot period, while p is the probability of an TPO firm being low value if the
I-Bank deviates by not producing information and approving every firm.
It is easy to check p > p.

The following proposition gives some necessary conditions for the
existence of the equilibrium with hot and cold periods described above.

Proposition 2. For a given T and 8, the equilibrium described above is
sustained only if

T
(Qi—Qo—p)) 8 —1>0, (25)
t=1
and
cQ> (1 +DY 5’)
> y = ¢". (26)
(= [(Q1= 00— XI5 —1]
Proof. See Appendix 2. |

Intuitively, the above proposition implies that there are more firms
going public in hot periods, and this gives the I-Bank a larger expected
profit (net of the cost of inspection) in a hot period than in a cold period.
In order to stay in hot periods, the I-Bank inspects firm in a hot period
since cold periods are triggered after a low value TPO firm is observed,
which is more likely to happen if the I-Bank does not inspect the firm.
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Thus the volume fluctuations induce the I-Bank to produce information.
At the same time, the information produced by the I-Bank in hot periods
makes it possible for investors to accept those firms which would have
been excluded from the IPO market without information production. IPO
volume and investment bank information production are connected to
each other; a high volume can not be supported without the information
production by the I-Bank in hot periods, and the I-Bank will not produce
information if the volume is not high enough in hot periods. Therefore,
a key feature of IPO waves in our model is the co-movements of the IPO
volume and the information production by the I-Bank.

In our model, the high underwriting fee is to induce the high quality
service provided by the I-Bank. This is similar to the idea of a reputation
premium for a high quality good as in Shapiro (1983). Itis easy to check that
the minimum underwriting fee, ¢*, is decreasing with § and T. Intuitively,
the more patient the I-Bank is, the lower underwriting fee is required to gen-
erate an incentive for information production. At the same time, a longer
punishment phase also lowers the minimum underwriting fee for the equi-
librium to sustain. Efficiency requires a shorter length of cold periods, how-
ever that leads to a higher underwriting fee. Therefore, in our model, itis an
efficient outcome to have a high underwriting fee. Chen and Ritter (2000)
suggest that the high charge comes from implicit collusion by independent
I-Banks. However, in this certification game with asymmetric information,
the collusion between I-Banks is hard to justify. As we will argue in the
extension of the model to multiple I-Banks, depending on the investors’
beliefs and equilibrium strategies of the investors, an I-Bank charging a
lower fee does not necessarily attract more firms or make IPOs more likely
to succeed. Hansen (2001) provides evidence against the collusion hypoth-
esis and argues that the “7%” charge is an “efficient contract.”” Our theory
favors the “efficient contract™ interpretation. A “7%" contract survives
because it is necessary to give the I-Bank incentive to produce information.

In the subsections below, we will discuss the equilibrium properties in
share retention, IPO pricing and underpricing, and post-IPO performance,
respectively.

3.2 Properties of hot and cold markets
e [IPO pricing and share retention

Given the underwriting fee, a lower IPO price is associated with a
smaller fraction of retained equity. This positive correlation between IPO
price and share retention is also consistent with a signalling story, as in
Leland and Pyle (1977), Allen and Faulhaber (1989) or Welch (1989).
Our theory shares a similar feature of information asymmetry between
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investors and firms.!® The difference lies in who takes the initiative in
setting the IPO price. In our model, the IPO price is not chosen by the firm,
but set by the I-Bank based on the investor focal point. At the same time,
firm type is completely revealed after the lockup period, and a firm with
underpricing cannot recoup its loss in the future. Therefore, empirically,
the key difference between our screening story and the signalling story
is whether a firm with underpricing will recoup its loss from seasoned
offerings in the future.'!

We can compare the IPO price and the fraction of retained equity in hot
periods with those in cold periods:

1

=11l < 27)
2 Otvg + (1 —6DA — Mg

I ad (28)

Py Ogva+ 1 —0Hv

Since 67 < 67, it is easy to see that & > & and p{ > p§. In a hot period, a
high IPO price attracts more firms to go public; the investors are willing to
accept this high IPO price because the I-Bank is producing information.
In a cold period, only a low IPO price is acceptable for the investors given
that the I-Bank is not producing information, and that discourages low
type firms from going public. This generates fluctuations in share retention
as well as IPO price. Consistent with this prediction, Loughran and Ritter
(2004), using data from 1980 to 2003, find that share overhang (the ratio
of retained shares to the public float) is very high during hot markets in
1990s and internet bubble years. Therefore, our model offers a rational
explanation of the fluctuations in IPO pricing and share retention, and
the key driving force is the fluctuation in information production, which
allows a high IPO price and a high fraction of retained equity in hot
periods.

The next lemma gives us how the fraction of retained equity depends on
the exogenous variables, A, ¢ and «.

Lemma 3. «” is increasing with A and «, and decreasing with ¢, while o€ is

increasing in k and does not depend on A or c.

There are other IPO theories based on different types of information asymmetry. Rock (1986) suggests
there is information asymmetry among investors, and due to the winner’s curse, the underpricing in an
IPO gives uninformed investors enough incentive to submit purchase orders. Benveniste and Spindt (1989)
model the IPO process as an auction constructed to induce asymmetrically informed investors to reveal
their information to the underwriter. Baron (1982) assumes that issuers know less than underwriters, so
that underpricing induces the marketing efforts from underwriters.

Empirical findings for signalling stories are mixed; see, for example, Michaely and Shaw (1994).
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. ¥ _ c+k+d=nU=-vp) : h _

Proof. With 67 = an—Drd—nd o> We 1can write o =

e (P T ) . At the same time, with 6 = vJ;K:vaL’ we can write
v ITd—vpa—n ¢k

af = 11 The results are immediate. |

Intuitively, in hot periods, a higher information production accuracy
allows more firms to go public, which requires more shares retained by the
entrepreneur. The effect of information production cost is the opposite.
At the same time, entrepreneurs with higher fixed cost of going public
need to retain more shares to have incentives to take their firms public.
Therefore, as the information production technology improves, A goes up
and ¢ goes down, we will observe a larger fraction of retained equity in
hot periods. At the same time, cross-sectionally, for a more transparent
industry (higher 1), entrepreneurs retain more shares.

e IPO Underpricing

Our equilibrium also generates fluctuation in underpricing. Denote p?
as the secondary market price in a hot period, and denote p{ as the
secondary market price in a cold period. We have:

0 ooy + (1 —60)(1 —Mclg®

Pl = T ~ — (29)
h ng[G + (1 = 6)(1 — 1)]g(0)do
1
o B g(0)
P = /QS[GI)H + 9)%]71 — G(@é)de' (30)

A complete comparison of underpricing in hot periods and cold
periods is tedious, but we observe that lim,_, pg =lim,opyg=1+¢
and lim; pi’ = vy, that is, the secondary market price in hot periods is
higher if A is close to 1, while the TPO prices are close in hot and cold
periods if « is small. If vy is high, when A is close to 1, p{‘ can be much
greater than p{. Therefore, there can be greater underpricing in hot periods
even though IPO prices are higher in hot periods.

We summarize the above results in the following lemma.

Lemma 4. [f « is small, ) is close to 1, and vy is large, then we will observe
greater underpricing in hot periods with higher IPO price.

It has been a long standing puzzle that firms are more willing to go public
when there are more money left on the table (see, for example, Ibbotson
and Jaffe (1975) and Ritter (1984)). Ljungqvist, Nanda, and Singh (2003)
show that underpricing in hot periods can be firms’ optimal response to
the presence of sentiment investors and short sale constraints. The equity
offering is underpriced to make the rational institutional investors, who will
resale shares to sentiment investors, break even with a risk of the ending of
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hot periods prematurely. Our model provides a fully rational explanation
for the synchronism of IPO volume and underpricing. The information
produced by the I-Bank in hot periods leads to higher secondary market
prices and greater underpricing.

o Post-IPO Performance

We can also compare the post-IPO performance after hot and cold
periods. In the equilibrium we constructed, the expected return of an IPO
firm is zero, while the volatility of the secondary market return could be
different depending on whether it is in a hot period or in a cold period.

The volatility of secondary market return can be defined as:

2 2
vol = Pr(vy) <u> +[1 — Pr(vy)] <u> ) (3D
P1 P1

where p; = Pr(vg)vy +[1 — Pr(vg)]v, and Pr(vy) is the probability of
vy conditional on that the firm is approved to go public.

Lemma 5. The volatility of second market return is increasing (decreasing)
with Pr(vy) if Pr(vy) < (>)—%L

vg+vp”©
Proof. We can show:
dvol _ vy — Pr(vy)(vy + vL). (32)
0 PI‘(UH) p%
The result is immediate. |

Lemma 5 gives us a sufficient condition to compare the volatility of
secondary market return across time as well as across industries. As we
have discussed, as long as A is high enough, the secondary market price py,
or, equivalently, the conditional probability of high value Pr(vg), is higher
in hot periods. Therefore, a high A implies a lower volatility in a hot period.
Cross-sectionally, A links to the transparency of an industry, and higher
transparency leads to higher A. Therefore, if A is high enough such that
Pr(vy) > quTLvL’ then a more transparent industry have a smaller volatility
for second market returns. Intuitively, with a more reliable information
production by the I-Bank, second market returns are less volatile because
more of the low value firms are excluded from the IPO market.

The equilibrium we constructed does not generate any post-IPO
underperformance, as reported in, for example, Loughran and Ritter
(1995) and Brav and Gompers (1997). Miller (1977) credits the long-run
underperformance to the convergence of the investors’ opinions. Bradley,
et al. (2001) argue that post-IPO underperformance is due to the exit
of venture capitalists. Schultz (2003) offers an explanation for post-IPO
underperformance that is quite related to our model. He argues that
more IPOs follow successful IPOs. Thus, the last large group of IPOs
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would underperform. If underperformance is measured by weighting each
IPO equally, the high-volume periods carry a large weight, resulting in
underperformance, on average. Based on his argument, our model is
potentially able to generate post-IPO underperformance statistically. For
that purpose, we can construct an equilibrium in which the number of IPOs
following successful IPOs is higher. Alternatively, it is a straightforward
extension to have the firm arrival rate depend on the history of IPO
performance.'?

3.3 Numerical examples

In this subsection, we give some numerical examples in demonstrating
how the exogenous variables (%, ¢, «, vy, vy) affect equilibrium outcomes
in underwriting fee, IPO volume, IPO pricing, first day return, post-IPO
performance and share retention in hot and cold periods.

Assume we have uniform distribution in firm type 9, that is, g(9) =1
for any 6 € [0, 1]. We will study how equilibrium outcomes change with
A, the accuracy of [-Bank information production. For other exogenous
variables we assume vy = 1.25, v, = 0, ¢ = 0.005, « = 0.005, T = 10, and
8 = 0.98 as a benchmark case. We report the results in underwriting fee,
share retention, first day return and post-IPO return volatility in Figure 1.

As we can see from Figure 1, the chosen parameters generate reasonable
statistics. (i) The underwriting fee is decreasing in A, ranging from 4%
to 11%. When X increases, it becomes easier to detect a deviation from
the I-Bank in hot periods, and this reduces the level of underwriting fee
required to generate incentives for the [-Bank to produce information. (ii)
Firms retain more shares in hot periods, and the difference is greater when
A is higher. Intuitively, when A is higher, the I-Bank is more selective in
hot periods, thus firms need to retain more shares to go public. (iii) The
first day return in hot periods ranges from 4% to 15%, which is higher
than those in cold periods ranging from 1% to 7%. There is a drop in first
day returns of hot periods as A is close to 1. To explain this, we identify
two effects on first day returns when A increases: (1) the IPO price goes
up to allow low type firms to go public; and (2) the secondary market
price goes up due to more accurate information production. The net effect
on first day return is hump-shaped. (iv) In terms of the post-IPO return
volatility, as we have discussed in Section 3.2, when A and Pr(vg) are high,
the volatility is decreasing with Pr(vg). With our parameter values, the
secondary market price p; is higher is hot periods (which implies a higher
Pr(vgy)), and that leads to a lower post-IPO return volatility.

Next, we change some of the parameter values to check the robustness
of the results. Figure 2 contains the results with vy = 1.35 (corresponding

12 Consistent with this assumption, Lowry and Schwert (2002) report that more companies tend to go public
following periods of high initial returns.
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This graph gives the numerical results with one investment bank when vy = 1.25, vy =0, ¢ = 0.005,
k =0.005, T =10 and § =0.98. We report how minimum underwriting fee, first day return, share
retention and post-IPO return volatility change with the information production technology, 2.

Minimum Underwriting Fee Share Retention
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o 0.08 o (hot period) !
0.1 0.06 /
0.05 0.04 o (cold period) s
' 0.02 e
0 0
0.75 A 1.0 0.75 A 1.0
First Day Returns Post-IPO Return Volatility
0.25 0.5
0.2 (p,-Po/p, (hotperiod) ———— 0.4
015 — 03— o (cold period)
0.1 0.2 o(hotperiod) e
0.05 0.1 T
0 iy
0.75 0.75 1.0
A

Figure 2

This graph gives the numerical results with one investment bank when vy = 1.35, vy =0, ¢ = 0.005,
k =0.005, T =10 and § =0.98. We report how minimum underwriting fee, first day return, share
retention and post-IPO return volatility change with the information production technology, 2.

to an internet bubble period, when investors desire a superstar like
Microsoft), Figure 3 contains the results with ¢ = 0.0025 (corresponding to
a technology advancement in cutting the cost of information production),
and Figure 4 contains the results with « = 0.01 (corresponding to increased
regulation on the IPO market which makes it more costly for an

entrepreneur to take his firm public).

In Figure 2, a higher vy leads to a higher underwriting fee, a higher
first day return and a higher post-IPO volatility in hot periods. A higher
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This graph gives the numerical results with one investment bank when vy = 1.25, vy =0, ¢ = 0.0025,
k =0.005, T = 10and § = 0.98. We report how minimum underwriting fee, first day return, share retention
and post-IPO return volatility change with the information production technology, 2.
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This graph gives the numerical results with one investment bank when vy = 1.25, vy =0, ¢ = 0.005,
k =0.01,7 =10 and § = 0.98. We report how minimum underwriting fee, first day return, share retention
and post-IPO return volatility change with the information production technology, 2.

vy expands the set of firm type that is feasible for an IPO, and a greater
number of applicants in hot periods aggravates the moral hazard problem,
which leads to a higher minimum fee to induce information production.
At the same time, a higher vy leads to a higher secondary market price,
which drives up the first day return. The result on volatility is easy to

understand with Lemma 5.

In Figure 3, a lower ¢ leads to a lower underwriting fee and a higher
first day return (when A is not close to 1). The result on underwriting fee is
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easy to interpret, and we omit the discussion. With a lower underwriting
fee, the IPO price will be lower given the same fraction of retained equity
(x=1- ];r—o‘p), and this leads to a higher first day return. A lower ¢ also
expands the set of firm type that are feasible for IPO, and this leads to
a larger fraction of retained equity and a higher IPO price, but the effect
on first day returns is dominated by the effect of a lower underwriting fee
when A is not close to 1.

In Figure 4, a higher « leads to a lower underwriting fee and a larger
fraction of retained equity in both hot and cold periods. With a higher «,
firms need to retain more shares to break even when they go public. At
the same time, a higher « drives down the IPO volume in both hot and
cold periods, especially in cold periods when A is large (we can formally
compared the change in Qg and Q; due to change of «), and this makes
the punishment phase more effective, which implies a lower minimum
underwriting fee.

In summary, our model generates dynamics in IPO volume, share
retention, first day return and post-IPO return volatility, and we
demonstrate how equilibrium outcomes are affected by changes in vy,
A, ¢ and x. Many of these predictions are consistent with the empirical
findings in the literature, while others are new testable implications, which
we will summarize in Section 5.

. Extensions to Multiple I-Banks and Multiple Firms

Now let us formally consider the case with multiple I-Banks and multiple
firms. In this economy, the history is h'~! = {h'~% h,_1} € H', with
h~'=@ and h; = {9, x,» pos» p1:> vi}, and @,, x,» por» pu, and v, are
vectors instead of scalars. The characterization of the PPE for the repeated
game is similar to the case with one I-Bank, so we omit it for the sake
of brevity. The existence of multiple I-Banks does not necessarily result
in competition. Depending on the investors’ strategy (represented by the
focal point), higher p (less underpricing) and/or lower ¢ do not necessarily
attract more firms.

We will first consider the case in which I-banks behave symmetrically
to check the robustness of the model in generating IPO waves, and then
we discuss the reputation effect when I-banks behave asymmetrically in
information production.

4.1 Symmetric I-banks
Assume that there are M I-Banks living forever, and there are N potential
IPO firms each period. All the other assumptions are the same as in the
case with one I-Bank. For simplicity, assume that no I-Bank can handle
two IPOs in the same period and N < M.

We will construct an equilibrium similar to the one in the case with one
I-Bank, that is, the economy starts with a hot period, hot periods continue
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unless certain number of low value IPO firms are observed, which lead to
cold periods, and cold periods last for T periods until a hot period returns.
In a hot period, the investors observe the number of IPOs, denoted as
n, and decide whether to trigger the punishment given the number of low
value IPO firms, denoted as j.
With Q; defined in (22) as the probability of a firm being approved for
IPO in a hot period, we can write out the probability of n IPOs:

Pr(n) = (1’;‘,) 0" — QN (33)

where (y) = ”,(NLLH),

With Q; defined in (23) as the probability of a firm applying to go public
in a hot period, we can write out the probability of n IPOs if one I-Bank
approves a firm for IPO without inspection:

~ N -1
Pr(n) = M[Qz(ﬁ, B l> o' — o

N
+(1 - Qz)(Nn_ 1) 011 — oV T+ <1 - M) Pr(n). (34)
To save future notation, define:
~ N n—1 e n
P = 37102y, Jera - 20" (35)

In a hot period, denote D as the probability of an IPO firm being low
value when the I-Bank inspects the firm, and D as the probability of an
IPO firm being low value when the I-Bank does not inspect the firm. We
have:

fng(l O —ng®)ds

b= 0 T 0 (36)
Jiy (1 =0g@)d0 5
) 0

It is easy to check D > D. We can write out the probability of j low value
IPO firms given that the total number of IPOs is n:

D=

Pr(j|n) = <i> D/(1 — D)", (37)

where (”1) = j,(n"—l]),
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Define:

J(n) = {j|j < n and cold periods will be triggered with j lowvalue firms.}
(38)

Thus, J(n) is the “trigger set” such that, given n IPOs, after observing
j € J(n) low value IPO firms, the investors will start the cold periods. The
next lemma gives out the optimal trigger rule.

Lemma 6. In a hot period, if there are n > 1 IPOs, then the J(n) that is
most sensitive to deviation of an I-Bank is given by:

J*n) = {jlj = jm}, (39)
where

F(n) = min{j|j <nand L > D). (40)
n

Proof. When there are n > 2 IPOs, then the probability that among them
there are j < n low value firms is given by (37):

Pr(jln) = DPr(j — lin —1) + (1 — D) Pr(jln — 1). 41
If one I-Bank deviates by not inspecting the firm, the probability becomes:
Pr(jln) = DPr(j — 1jn — 1) + (1 — D) Pr(jln — 1). (42)

It is easy to check:
Pr(jn) > Pr(j|n) iff L > D. 43)
n

It is also easy to check that the above condition is satisfied when j = n
andn = 1. |

Intuitively, the more low value firms, the more likely some I-Bank
deviated by not inspecting the firm. When there are n IPOs, on average
there will be nD firms to be of low value; if there are more than nD low
value IPO firms, it is likely some I-Bank deviated.

Define:
Pr(J*(m) = Y Pr(jln) (44)
jeJ*(n)
and Pr(J*(n)) = > Pr(jln).
jeJ*(n)
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It is easy to check:
Pr(J*(n)) — Pr(J*(m)) = (D — D) Pr(j(n) — 1jn — 1), (45)

that is, an I-Bank’s deviation will lead to cold periods only if its IPO
firm will be the “trigger.” The externality effect here makes it hard to
detect the deviation of an I-Bank: if there is fewer than j(n) — 1 or more
than j(n) — 1 low value IPO firms from other I-Banks, its behavior will
not affect the phase of hot or cold periods, and it will choose to deviate.
Therefore, only Pr(j(n) — 1jn — 1) matters.

For a hot period, the probability of being triggered into a cold period
can be written as:

N
parny = Y Pr(n) Pr(J*(n)) (46)
n=0

If one I-Bank deviates by not producing information, the probability of
being triggered into a cold period can be written as:

N

Py = 3 _[Pr)Pr(J*(m)) + (Pr(n) — Pr(n)) Pr(J*(m)]. (47
n=0

The next corollary gives necessary conditions for the existence of the
equilibrium with hot and cold periods as defined in Section 3.1.

Corollary 1. For a given T and §, the equilibrium described above is
sustained only if

(/3(M.N) - P(M,N))(Ql — Qo) ZzT=1 8!

01— 02+
L+ o, Zthl 8

=~ 0, (48)

and

cQ> (1 + DNy Loiei 5t> i
¢ = = PNy (49)

T
(01— 02) (1 + PN ZB’)
=1

T
+ (Om,n) — P, v (@1 — Qo) 251
=1

Proof. The proofis similar to the proof for Proposition 2, thus omitted.ll

When there is one [-Bank and one firm for each period, we have
Q> — Q1= Pwm.n) — PNy =P —p, and the conditions in the above
corollary are reduced to those in Proposition 2.
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Next, we give a numerical example in demonstrating how the number
of I-Banks and firms affect the equilibrium outcomes in underwriting fee,
first day return, post-IPO performance and share retention in hot and cold
periods.

The assumptions on model parameters are: g(6) = 1 for any 6 € [0, 1],
A=0.98 or 0.99, vy =1.25, vy =0, ¢ =0.005, « = 0.005, T = 10, and
8 = 0.98. To study the externality effect as the number of firms/I-Banks
increase, we first set M = N, and we report the minimum underwriting fee,
the first day returns in hot and cold periods, and the probability of being
triggered into cold periods in a hot period in Figure 5.

As we can see from Figure5, due to the externality effect, it
becomes harder to detect an individual I-Bank’s deviation in information
production when N, the number of firms/I-Banks, increases. When there
are more firms/I-Banks, it requires a higher underwriting fee to keep the
I-Banks producing information in the constructed equilibrium with trigger

2=0.98 A=0.99
0.35 0.07
0.30 0.06
0.25 0.05
0.20 0.04 .
0.15 o* 0.03 ¢
0.10 0.02
0.05 0.01
0.00 + 0.00 -+
1 18 1 18
Number of Firms/Investment Banks Number of Firms/Investment Banks
1=0.98 21=0.99
020 0.16
S (p4-Py)/P, (hot) :
0.15 R /2o 014 —
0.10 Ry 0.12 T
0.051  (p,-py)/p, (cold) - 0.10 (PyPo)/p, (hot) —
0.00 — 0.08
0.05]1 \"\.18 g,gi (p;-pPy)/p, (cold)
Number of Firms/Investment Banks x .
-0.10 0.02
-0.15 0.00 +
1 18
Number of Firms/Investment Banks
2=0.98 2=0.99
0.50 o 0.50
0.45 — ———— 0.459 _ — -
040 —— A 0.40 A
0.35 P 0.35 P
0.30 0.30
0.25 0.25
0.20 0 0.20
0.15 0.15
010 —_ 0.10 L
0.05 0.05
0.00 + 0.00 -+
1 18 1 18
Number of Firms/Investment Banks Number of Firms/Investment Banks
Figure 5

This graph gives the numerical results with multiple investment banks when vy = 1.25, vy =0, ¢ = 0.005,
k =0.005, T =10, § = 0.98 and A = 0.98 or 0.99. We report how minimum underwriting fee, first day
return and the probability of being triggered into cold periods change with the number of investment
banks or firms.
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strategy. In equilibrium, the I-Banks and the investors share the total
surplus (net of the payoff to the entrepreneur), therefore, as underwriting
fee increases, the payoff to the investors decreases, which is reflected by
a decrease in underpricing. When N is large enough, underpricing goes
to negative, which means the constructed equilibrium can not sustain
given a large N. At the same time, in a hot period, the probability of
being triggered into cold periods increases as the number of firms/I-Banks
increases since it is more likely that a low value IPO firm gets approved
by mistake; it is more likely the economy stays in inefficient cold periods.
When inspection technology improves, or X increases, the externality effect
is mitigated, which is reflected by a lower ¢*, a higher % and a lower p
as N increases.

Next, we fix M = 10, and study the effect of N on the equilibrium
outcomes. The results are reported in Figure 6.

21=0.98 2=0.99
0.30 0.16
0.14
0.25 012
0.20 0.10 o
0.15 " 0.08
0.06
0.10 0.0
0.05 0.02
0.00 + 0.00 +
6 10 6 10
Number of Firms Number of Firms
1=0.98 A=0.99
015 — 0.14
0.10 (P1-P/P, (hot)_d______———— 0'12 -
0.05 e 0.10 T PPy (hOY)
P (P,-Py)/p, (cold) 0.08 -
0.00 —- 0.06
00s{ &7 10 004l (b,-Py)/p, (cold)
! Number of Firms 0.02
-0.10 O.OOJ
-0.15 -0.02
6 10
Number of Firms
2=0.98 2=0.99
060 0.60
0.50 A P 0.50 A -
0.40 L 0.40 ? —
0301 0.30 e
0.20 P 0.20 0
0.10 0.10
I ———
0.00 + 0.00 +
6 10 6 10
Number of Firms Number of Firms
Figure 6

This graph gives the numerical results with multiple investment banks when vy = 1.25, vy =0, ¢ = 0.005,
k =0.005, T =10, § = 0.98 and A = 0.98 or 0.99. We report how minimum underwriting fee, first day
return and the probability of being triggered into cold periods change with the number of firms given the
number of investment banks fixed.
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As we can see from Figure 6, given the number of I-Banks, if the
number of potential IPO candidate is small, the constructed equilibrium
with information production in hot periods can not sustain--either because
there does not exist a positive minimum ¢* or ¢* is too high to support
a positive first day return. Therefore, when there are not many new firms
in a recession, the TPO market can only stay in cold market without
information production. However, when there are many new firms (for
example, due to technology innovation in certain industry), equilibrium
with information production can sustain, and it has an externality effect
on the whole economy because more firms (in other industries) can go
public due to the information production. Also, notice that, as the number
of firms increases, the probability of being triggered into cold periods
increases. This generates a natural boom-bust pattern of the IPO market.
Therefore, our model provides a framework to interpret the interaction
between the IPO market and the real economy.

4.2 Asymmetric I-banks
To simplify our analysis, we assume that there are two I-Banks and
one firm. We First show that the efficient outcome involves market
segmentation.

Denote o as the retained shares of the firm if it goes to I-Bank 1 for
IPO and is approved. «; is similarly defined. So:

1+ ¢

0 =1- (50)
Pol

wy=1— 7% (51)
P02

Again, define an IPO-equilibrium as an equilibrium in which there is
a nonzero probability that a firm goes public through either of the two
I-Banks. Similarly, as in the case of one I-Bank, we can show that, in the
stage game, there does not exist an [PO-equilibrium in which either of the
two I-Banks inspects the candidate firm.

Without inspection, a firm of type 6 has an expected payoff of 7 g; (0) if
it goes to I-Bank i for IPO. So:

JTF,‘(G) = [91)1-1 + (1 — G)UL]Ol,' — K. (52)

When we have only one I-Bank in the economy, if the cost of inspection
is low enough, it is socially optimal to have a firm with type 6 > 07
inspected, as we argued earlier. However, when two I-Banks share the
market, it might not be optimal to have both of them inspect the firms.
The marginal social gain from inspecting a type 6 firmis A(1 — 6)(1 — vy),
which is a decreasing function of 6. The net gain is negative when 6 is close
to 1. This means that for a firm of high type, there is no need to inspect it
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given the cost of inspection. Let 65 = 1 — A(1+UL) be the cutoff value; firms
with a type above 03 should not be inspected. An efficient outcome must
involve market segmentation: When 6 > 6%, a firm should go public with
an I-Bank that does not inspect the firm; when 67 < 6 < 63, a firm should
go public with an I-Bank that does inspect the firm. The question is: can
the efficient market segmentation be implemented in an equilibrium? We
answer this question in the lemma below.

Lemma 7. When a firm incurs the same fixed cost to go public regardless of
its choice of I-Bank, the efficient market segmentation cannot be reached in
equilibrium.

Proof. Without loss of generality, assume that at some stage of the game
I-Bank 1 inspects the firm, while I-Bank 2 does not. The payoff to a firm
with type 6 when it chooses to go public with I-Bank i is given by:

wr1(0) =[0vyg + (1 =) = MvLla; —« (53)
wp20) =[0vg + (1 —O)v]ay — k. (54)

Efficient segmentation by type can only occur as shown in Figure 7.
As we can see from Figure 7, in order for efficient segmentation to occur,
we need:

Slope restriction : [vy — (1 — A)v ]o; < (vg — vr)ao, (55)
and
Intercept restriction : (1 — M)vpa; —k > vpay — k. (56)

However, the slope restriction implies | < a5, and the intercept restriction

implies @1 > «5. Thus we have a contradiction. |
F 3
TF
mE4(0)
5, 1 .
0 & 02 1 0
7r2(0)

Figure 7
This graph describes the efficient market segmentation.
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Intuitively, the I-Bank that inspects firms will be preferred by a low-type
firm only when it offers more retained shares. However, offering more
retained shares favors high-type firms. Thus the I-Bank that does not
inspect firms will be driven out of the market.

In the proof of Lemma 7, the ‘“‘slope restriction” requires o] < o3,
and we can check that a necessary condition to satisfy the “intercept
restriction” 1s k| < k3. For the rest of this subsection, we assume that
firms incur different ¥ when they go public with different I-Banks. We
should interpret the difference in « as that the I-Bank with lower « offers
some free services in terms of hiring legal council, preparing a business plan,
having the financial statements audited, and etc. In the efficient market
segmentation, the I-Bank with lower « is the one with good reputation
and the one that produces more information. This feature matches with
the general impression of a reputable I-Bank, which is more aggressive in
getting IPO customers and has a large research department (Logue (1973)
documents that prestigious underwriters are more selective, which is also
consistent with our definition of reputation).

With x| < «3, and we can check that the efficient market segmentation
can be reached with the efficient «f and «j defined in the following
equations:

[Bive + (1 =0 =2 ]ef —k1 =0 (57)
[OEUH + (1 - 9;)(1 — X)UL](X; —K] = [QEUH + - 93)1@]0{3 — K2, (58)

where 67 and 607 are as defined earlier. Therefore, I-Bank 1 approves the
firms with types in [#7, 65) for IPO after inspection, and I-Bank 2 approves
the firms with types in [67, 1] for IPO without inspection.

There are many ways to construct a PPE in which the efficient stage
outcome occurs on the equilibrium path. For example, we can construct
an equilibrium as follows. There are two kinds of I-Banks, “prestigious”
and “‘notorious.” I-Bank 1 (with the lower «) is ““prestigious,” and I-Bank
2 (with higher «) is “notorious.” In period ¢, assume that the “prestigious™
I-Bank charges the same as the “notorious’ I-Bank does, that is, ¢| = ¢,,
but we assume that the “prestigious” [-Bank has a higher payoff than the
“notorious” I-Bank does (which implies there are more firms going public
with the “prestigious” I-Bank). The “prestigious’ I-Bank inspects firms
and attracts firms with type in [67], 65]. The “notorious” I-Bank does not
inspect firms and attracts firms with type in [#3, 1]. When a low value IPO
firm approved by the “prestigious” I-Bank is observed, the two I-Banks
switch their categories, the “notorious” one is promoted to “prestigious,”
and the “prestigious’ one is demoted to be “‘notorious.” In order to switch
the reputations of the two I-Banks, they must switch «. To interpret this
in a more natural way, we can imagine that, in order to make investors
believe that the reputation switch is in place, an I-Bank becomes more
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aggressive by offering some subsidy to IPO candidates when it gains a
good reputation.

Another way to construct an equilibrium with “reputations” is to
punish the “prestigious” I-Bank through the market fluctuation between
“hot” and ““cold” periods. The “prestigious’ I-Bank keeps its reputation
over time, but it is punished after a low value TPO firm is observed.
Therefore, in this type of equilibrium, the efficient market segmentation
cannot be sustained during punishment periods. This type of equilibrium
has an implication in terms of the dynamics of the quality difference
in information production between reputable I-Banks and less reputable
I-Banks.

In either case, with market segmentation, the unnecessary cost of
inspection for good type firms is saved, and the total social welfare is
improved. Different from the existing literature on I-Bank reputation, we
argue that I-Banks underwrite different types of firms to economize on the
social cost of inspection instead of arguing that I-Banks differ in inspection
technologies (see, for example, Chemmanur and Fulghieri (1994) and
Titman and Trueman (1986)). In our model, I-Banks with different
reputations are not intrinsically different in their quality of information
production, and instead the reputation of an I-Bank reflect what it does in
equilibrium instead of what it can do. The market segmentation is enforced
by the market belief from investors, who coordinate their behavior to
discipline the behavior of I-Banks. Carter and Manaster (1990) assume
that underwriters with different reputation differ in the risk dispersion
of the IPOs brought to the market. Consistent with that, our theory
demonstrates how the risk composition of IPO firms differs when they go
public through I-Banks with different reputations.

Some properties of the efficient market segmentation can be summarized
in the Lemma below.

Lemma 8. In the efficient market segmentation, a firm going public through
a more reputable I-Bank sells shares at a lower price and retains fewer
shares. When X is high, the underpricing is more severe in an IPO associated
with a more reputable I-Bank.

Proof. Itis a direct result of the “slope restriction” in the proof of Lemma
7 that firms retain fewer shares (lower IPO price) when they go public
through a more reputable I-Bank. As for the underpricing, notice that
when A goes to one, the secondary market price of the IPO firm associated
with a more reputable I-Bank goes to vy due to information production.
At the same time, the IPO price is lower for an IPO firm associated with a
more reputable bank. The underpricing result is immediate. |

The above lemma implies that for a very transparent industry (A is
high), the underpricing is more severe with a more reputable I-Bank.
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There are many related works in examining the effects of underwriter
reputation on the initial performance of IPOs (See Logue (1973), Beatty
and Welch (1996), and Carter and Manaster (1990)). However, the
empirical evidence with respect to the reputation effect on underpricing
is mixed. For example, Carter and Manaster (1990) show that prestigious
underwriters are associated with IPOs that have lower initial returns due
to lower risk, while Logue (1973) and Beatty and Welch (1996) report the
opposite results. According to our theory, if we differentiate firms by the
transparency of the industry that they belong to, we can get unambiguous
prediction.

A key implication of the above lemma is that firms retain a smaller
fraction of equity (and lower IPO price) when they go public through a
more reputable I-Bank, but they are compensated with a better service (low
«) and possibly a higher secondary market price. The difference in share
retention is a necessary condition for efficient market segmentation. There
are many works studying the link between investment bank reputation
and IPO firm performance (as we discussed in the paragraph above) as
well as the link between share retention and IPO firm performance (as in
those signalling stories of equity sales such as Leland and Pyle (1977)),
however, little has been said about the relation between share retention and
investment bank reputation. Based on the efficient market segmentation
theory of reputation, a more reputable underwriter is more selective in
approving IPOs and it leads to a smaller fraction of equity retained by
entrepreneurs.

. Conclusion

In this article, we provide a theory of IPO market dynamics. We model the
IPO market as a repeated certification game, and we discuss many stylized
facts in the IPO market. We argue that the IPO price is not so much a
reflection of the true value of a firm as it is a screening device affecting
the firm’s decisions to go public. IPO price and underwriting fee jointly
determine the number of shares an entrepreneur retains. In equilibrium, in
order to induce the information production by investment banks, the [PO
market fluctuates over time. In hot periods, investment banks produce
information and get a high payoftf. Hot periods are characterized by more
information produced by investment banks, and IPO prices are high in
hot periods to attract more firms to go public. The results are robust when
there are multiple investment banks. At the same time, we show that the
efficient outcome is reached only when there is market segmentation. Less
reputable investment banks attract firms of high types and approve them
without producing information; more reputable investment banks attract
firms of low types, and approve them only when good signals are observed.
We summarize the major contributions of the article as follows.
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First, the model generates market dynamics in both volume and
underpricing, and studies the interactions between the IPO market and
the secondary equity market. The interpretation of investor sentiment is
rationalized in our framework.

Second, with the efficient market segmentation argument, the article
offers a new interpretation of investment bank reputation in the IPO
market, which can be applied to many other social and economic
environment with reputation effects involved.

Third, besides explaining many stylized facts in the existing literature,
the model produces several new testable empirical implications that can
be summarized as follows.

(1) For an industry with a high(low) probability of successful IPOs, a
higher secondary market price implies a lower (higher) volatility of
second market returns.

(1)  Firms going public through a more reputable investment bank retain
fewer shares.

(iii) For firms in a transparent industry, underpricing is more severe in
IPOs with a more reputable I-Bank.

Doubtless, the above implications are related to other characteristics of
IPO firms, such as firm size, value of assets in place, industry, and etc.
Testing these empirical implications are subjects for future research.

Appendix A: Technical Notes

(Formalization of Stage Game)

The extensive form of the stage game (without secondary market trading) is given in
Figure 8.

The stage strategy for the [-Bank is: sp € Sp = R4+ x M x W. R is the set for feasible
underwriting fees. M = {inspection,ni} is the set of inspection decisions, where “ni”
represents “‘no inspection.” For ¢ € W, ¢ : Ry X {isy,isy, nisy} = R4 U {na} is about
the decisions to approve or reject the firm for IPO and to set the IPO price for approved
firms: “isy’ represents “getting a good signal after inspection,” “is;” represents “getting a
bad signal after inspection,” “nisy” represents ‘“‘getting a good signal without inspection,”
the first R is the set of underwriting fee ¢, the second R is the set of py posted by the
[-Bank, and “na” represents “a firm is not approved for IPO.”

The stage strategy for the firm is a function sy : R4 x [0, 1] = {public, private}, where
R+ is the underwriting fee posted by the I-Bank, [0, 1] is the set of types, “public”’ means
“going public,” and “private” means “staying private.”

The stage strategy for the investors is: s; : Rf_ — {b, nb}, where Ri is the set of {¢, po},
“b” represents “‘buy,” “nb” represents ‘“not buy.”

(Characterization of a PPE)

Let V = {V;(0), Vg(o)|o is a PPE} be the set of PPE payoffs for the investors and the
I-Bank. Note that by the existence of the stage game Nash equilibrium, I" is not empty.
Abreu, Pearce, and Stacchetti (1986, 1990) (APS) define the notion of “self-generation” to
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Figure 8

This graph gives the extensive form of the stage game. Al, A2 and A3 are in the same information set.

“factor” the PPE into the first period payoff and the continuation payoff, depending on the
first period outcome. Phelan and Stacchetti (2001) extend the idea of APS to a game with a
continuum of individuals.

To characterize V, define a “self-generation” operator I" as follows:

F(V) = {(V[, VB) : H(SI,SB, SF) € S[ X SB X SF and (VI/’ VI;) : H, —> V} (Al)
s.t. Vi = E[m(sq, S, SF) +5VI/(]1,)]

Vg = E[wp(s1, 58, 58) +8V5(h,)],
Vg > E[np(s;,Sg, sr) + SV[;(;;:)],

x! = 1 implies py, > po, for any h, € H,,
and
wr(0)(st, sF, sg) > 0, forany 6 € ©,,
T r(0)(s1, sF, s) < 0,and forany 6 ¢ ©,,

where O, is the feasible set of types at time ¢. The key property of I required to adopt the
methodology of APS is shown in Lemma 1.

Lemma 1. The operator T’ maps compact sets to compact sets.

Proof. This follows because the constraints entail weak inequalities, the feasible set is
compact, and utility and constraint functions are real valued, continuous, and bounded. W

With this property of T, let Vj be compact and contain all feasible, individually rational

* * . . :
payoffs, for example, Vo = [0, %=1 x [0, &=], with W* being the largest social surplus that
can be reached in one period, and define V,; = I'(V,), n > 0. Then the definition of I'
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implies that I'(V,,) € V. Following APS, V* = lim,_, , V, is the largest invariant set of I',
and thus is equal to the set of symmetric PPE values of this game.

Appendix B: Proofs

Proof. (Lemma 2) We prove it by contradiction. Assume that there exists a PPE in
which the I-Bank inspects the candidate firm every period on the equilibrium path. Each
equilibrium outcome generates a sequence of payoffs to the I-Bank at time ¢, {Vp,};2,. For
the continuation value of the I-Bank at period 7, we write:

Vi, (@, 1, po. p1.vy) = Vi, (H) (BD)
Vi (@, 1, po, p1,vr) = Vg, (L) (B2)
Vi, (.0, po, p1,v) = Vg, (0). (B3)

When a firm applies for IPO, the payoff for the I-Bank on the equilibrium path is:

Vi = —¢+ [Pui + (1 = M PL]d, + PridVy, (H) + (1 — 2) PLi8 Vi, (L) + AP 8V, (0),
(B4)

where Py, is the probability of an IPO firm being high value, P;, is the probability of a firm
being low value, and Py, + P, = 1.
If the I-Bank deviates by approving firms without inspection, the payoff for the I-Bank is:

Vi = ¢, + Py,8Vy,(H) + Pr 8V, (L). (B3)

If the I-Bank deviates by rejecting firms without inspection, the payoff for the I-Bank is:

Vi, = 8V, (0). (B6)
The incentive constraint V,"}, > max{V,’,‘f, Vi, } implies:
o, ¢
V5, (0) > Vi (L — B7
5:(0) > B’()+6+6APL, (B7)
c
and Vi, (H) > Vi, (L) + PPl (B8)

In any PPE, Vj is bounded below and above. For each PPE, there exists an upper bound
Vp and a lower bound V ; on all the possible equilibrium payoffs. Let {Vp,} be a sequence of
equilibrium payoffs such that there exists a subsequence, which, without loss of generality,
we assume to be the sequence itself, and lim;,_,o Vg, = V5. For any ¢ > 0, there exists T
large enough such that Vgr < V5 +¢. Let Q7 be the probability of a firm choosing to go
public at time 7 on the equilibrium path we have:

Ver =mpr+Or[PurdViyr (H)+(1 — X PLrdVir (LY+APLr8Vyr (0)]+(1 — O7)8V4(0)

> mar 400+ Or (g + ) + 1= 00 (01 + 7). (89)

which implies

c

wpr <—0r1 <L +C>—(1 - 0r) <¢T+)»PLT

—C
1-68V <—4+(1=8V .
Py >+( )Vp+e< Py +( )V p+e
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However, we know:
wpr = Or[—c+ ¢7(Pur + (1 —A) Prr)] > —c, (B10)

Let ¢ be close enough to zero, and we have a contradiction since V , = 0 (this can be reached
by playing a stage game with zero payoff to the I-Bank repeatedly). |

Proof. (Proposition 2) The expected stage profit of the I-Bank in a hot period is:
T =¢01—cQs, (B11)
The expected stage profit of the I-Bank in a cold period is
g = ¢Qo. (B12)

The incentive constraint for the I-Bank not to inspect the firm in a cold period is obviously
satisfied. Let us now check the incentive constraints for the I-Bank to inspect the firm and
truthfully reveal the signal in a hot period. Denote fz’g as the deviation profit of the I-Bank

when it does not inspect the firm in a hot period, and we have:

A =00 (B13)

We can see that fr’g > 7 since Q» > Q1. Denote V! as the expected lifetime payoff for the
I-Bank at the beginning of a hot period if it follows the equilibrium strategy, and denote V2!
as the expected lifetime payoft for the I-Bank with a one-shot deviation for this period. We

have:

,
Vi=nl+p (Z 8 + aT“vg) + (1 —p)sVE, (B14)
=1
and
T
() (Z 8 + a”W};) + 1= p)svh. (B15)
=1

Taking the difference of V} and V}, we have:
T
Vh— Vi =alh =il + (= pIE—8TTHVE =Y s'mgl. (B16)
=1

The lower bound on ¢ to induce the inspection from the I-Bank can be calculated by
imposing Vg - Vl’;' > (. There are two other interim incentive constraints: (i) the I-Bank will
inspect a firm that applies for going public, and (ii) The I-Bank will reject a firm when it
observes a low signal. These constraints are also satisfied when Vg — ‘A/g > 0. | |
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