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I. Introduction
The adverse selection problem when firms issue new securities has been
the focus of much recent work in corporate finance. Seasoned equity issues
have received particular attention, in part because there are striking stock
price patterns around the time of equity issues and considerable variation
over time in the number of issues. In this paper we present a dynamic,
infinite horizon model of the firm’s equity issue decision under adverse
selection. The model can simultaneously account for each of the following
empirical observations about equity issues:l
o Stock prices of issuing firms on average exhibit a large and extended
positive abnormal return prior to an equity issue. A sizable fraction
of firms, however, have price declines in the period preceding an issue.
o There is substantial variation over time in the volume of equity issues.
Issues on average follow increases in the market as a whole.

<] The stock price drops significantly upon the announcement of an equity

issue. After the issue announcement, returns appear to be normal.

1 price behavior around equity issues has been extensively documented by
Asquith and Mullins (1986), Masulis and Korwar (1986), Mikkelson and Partch
(1986), Barclay and Litzenberger (1988), and Korajczyk, Lucas and McDonald
(1989). A stylized quantitative summary of the results of these studies is as
follows: researchers find an abnormal return on the order of 30 percent in the
500 days preceding the issue, but with substantial variation in the price history
across firms. Equity issues appear to follow market rises. There is a
significant price drop at issue announcement of about 3% for industrial issues.
Asquith and Mullins (1986) find that on average, the drop in the value of a
firm's total equity at issue announcement represents approximately 30% of the
value of the equity being issued. Similar price behavior is observed for pure
secondary issues.

The timing of equity issues is the focus of papers by Korajczyk, Lucas
and McDonald (1988) and Choe, Masulis and Nanda (1989). The latter find that
there are significantly more industrial equity issues in business cycle
expansions than in contractioms.




There are of course other explanations, not based on adverse selection, for
each of these facts. However, the ability of the model to explain all these
phenomena in a unified framework adds support to the contention that adverse
selection is of major importance in understanding equity issues. The model
also sheds light on the relation between stock price behavior and the welfare
consequences of adverse selection.

The price drop at issue aﬁnouncement has received theoretical as well as
empirical attention,2 as has the temporal variation in the volume of issues .’
The preceding price rise has not been formally modelled, however.
Technically, the model differs considerably from earlier models of equity
issues due to the assumptions of infinitely-lived firms and short-term
information asymmetries between managers and outside investors. This allows
both the long-term price path and the timing of issues to be characterized.

The idea behind the model is as follows. Suppose that managers have
information about the firm today (such as the value of current earnings) that
the market will not acquire until next period. The firm is "undervalued" if
the revelation of this information will cause the share price to rise, and

"overvalued" if revelation will cause the price to drop. Suppose further that

2 Scholes (1972) suggested that informational considerations could explain
the price drop. In an influential paper, Myers and Majluf (1984) presented a
formal model of the price drop based on asymmetric information.

3 Korajczyk, Lucas and McDonald (1988), and Choe, Masulis, and Nanda (1989),
have proposed theoretical explanations for the clustering of equity issues in
certain periods. Both papers emphasize that if firms can decide when to issue
equity, they will do so in periods when asymmetric information is expected to
be relatively unimportant. In this paper, by contrast, bunching occurs even
though the fundamental firm-level asymmetry between firms and the market is
stationary through time.

Gale (1987) studies the timing of -equity sales by risk-averse
entrepreneurs. Delay is costly to the entrepreneur since his portfolio 1is
undiversified. Hence, better firms can signal their quality and raise the
offering price by delaying the sale.



managers act in the interest of shareholders, and that equity issues are
necéssary to finance projects. If projects are long-lived and if waiting is
not too costly, we would expect undervalued firms to delay issuing until the
undervaluation is corrected. On the other hand, overvalued firms issue
immediately, since waiting may entail the loss of the project and a downward
assessment in the valuation of the firm.

This timing behavior by the two types of firm has a clear implication
for the price path preceding the announcement of the equity issue. Suppose
that project arrival is independent of a firm’s price history. Overvalued
firms will have average performance prior to their equity issue announcements
since they issue immediately upon receiving a project. Undervalued firms will
have above average performance preceding the equity issue, however, since they
have waited for the undervaluation to vanish before issuing. Given these two
price paths, equity issuers on average have positive abnormal returns
preceding the issue.

Since firms announcing equity issues tend to be overvalued according to
this explanation, the price may drop at issue announcement.4 This is a
consequence of adverse selection on the part of issuing firms, as in Myers and
Majluf (1984).

This story also explains variation over time in the volume of equity
issues, and the fact that equity issues tend to follow general increases in
the market. Suppose that the percentage of firms in the economy which are
overvalued or undervalued varies randomly over time, and consider a period in

which an above average number of firms have private information that they are

41f there is a cost to issuing equity, it is possible for the price to rise
at the announcement of the issue. See Section 4 below.
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undervalued. As information about these firms becomes public, there will be a
general market rise. An above average number of firms issue equity following
the market rise because firms which anticipated an increase in their price
waited to issue equity. Thus we expect to see bunching of equity issues
following a general market rise.

In this paper we focus on the pricing and timing of equity issues rather
than the debt-equity choice, so for simplicity we assume that the firm must
use equity financing. Obviously, a complete model of the firm would also
account for the choice of security. Debt can be costly for a variety of
reasons including bankruptcy costs, restrictive covenants on existing debt, or
the inability to use interest deductions. Thus, we think of the model as
pertaining to firms that have already decided to issue equity as the lowest
cost alternative.>

In the next three sections we present the model, define an equilibrium,
and study the behavior of the share price around issue announcement.® Section
5 demonstrates that issues are concentrated after market rises if the
percentage of overvalued firms varies over time. In section 6, simulation
results are compared to earlier empirical findings. For plausible parameter
values, the simulations generate realistic price paths and time variation in

issues. Section 7 discusses the welfare implications of the analysis. The

SConsider a world in which debt issues are free of adverse selection
problems, but in which existing debt is more costly than existing equity. It
seems likely that in such a model, firms would use debt for "bridge financing"
but would issue equity to replace the debt when the firm became overvalued. In
such an equilibrium, the predicted price dynamics and timing of issues should
be qualitatively the same as in the model without debt.

6 1n practice the announcement date precedes the actual issue date by
several weeks, and the larger price effect is seen at the announcement. In this
paper we do not distinguish the two events, so henceforth we will refer simply
to the issue date.



conventional wisdom that the cost of an equity issue can be measured by the
stock price drop at issue is incorrect in this model. We suggest a measure of

the true cost. Section 8 concludes.

2. The Environment

This section describes the enviromment in which firms and investors
operate.
i. The Firm

At time t a firm's market value equals the perceived value of its assets
in place A, and the present value of all future investment opportunities.
Each period the market receives news about the value of assets in place, which

change by a constant proportion each period:

uA, with probability p

Ayl =

da with probability (1l-p)

t

where u > 1 > d. (Time variation in p will be introduced in Section 5 below.)
On average, perceived asset value remains unchanged: up + d(l-p) = 1. At
time t, the manager knows next period’s news, and hence knows Ai,q, the value
the market will assign to assets in place next period. Thus, the manager has
"one-step-ahead” knowledge of At'7

Valuable investment opportunities which we call "projects” arrive with
constant probability q, independently of whether the value of assets in place
increases or decreases. A firm receives at most one project per period. If a

firm with a project receives a second project, the second displaces the first

7 Evidence that management can successfully anticipate market price is
given by Seyhun (1986), who shows that insiders systematically earn positive
abnormal returns on purchases and sales of their stock.



so that the firm only has one viable project at a time. (This can be
motivated by the assumption that the firm has a scarce resource required to
maintain projects which have arrived but not been taken,)8 We assume that a
project can only be undertaken if equity is issued. The market cannot observe
whether or not a firm has a project before it is financed.

With probability 1-p the firm loses all curren; projects and future
project arrivals, and is liquidated for At.9 To maintain a stationary
equilibrium, we assume that a new firm with no price history replaces each
firm that is liquidated. Once a Project arrives, it lasts as long as the firm
remains viable. 10

In order to invest in a project the firm must raise KA, from equity
issues. The net value of the project (gross of issue costs) is ﬂ;At+l' Thus,
the capital requirement for the project is linked to a publicly known
quantity, but the value is linked to next period’s asset value and thus is
privately known by the manager. The proportionality assumption is made for

tractability; similar results will obtain if, for example, K and By are

fixed‘ll

8 we restrict the number of projects simultaneously available primarily to
avoid the complexity of making the amount of capital raised a choice variable.

9 The possibility of liquidation keeps the value of the firm finite.
Otherwise, a non-dividend-paying firm with no chance of liquidation and which
is expected to receive an infinite stream valuable projects would have an
infinite value.

10 1t s possible to analyze the case in which projects live only a finite
number of periods. This complicates the analysis without changing the
qualitative results.

llMaking the project cost and NPV proportional to A generates a homogenous
value function, which makes the problem easy to solve. If the project cost and
NPV were fixed, the solution would depend upon the size of the firm relative to
the project, and there would be regions in which high and low asset value firms
separated, and regions in which they pooled.



Any firm which issues equity, whether or not it has a project, bears a
cost BrAcy), AL < 0, which can be thought of as an underwriting fee and
associated distribution costs. Thus, a project has a net present value
proportional to By = ﬂﬁ + BL. Henceforth, we will speak of firms as having a
project with value fyA.,;, or having no project, in which case the firm can
issue equity at a cost BiA .-

Since investors cannot observe the arrival of profitable investment
opportunities, fy and B firms are ex ante indistinguishable. We assume that

investors learn the true value of a project immediately after it is financed.

ii. Managers

Managers choose equity issue policy so as to maximize the value of the
firm to current shareholders. As described above, managers know today what
the market will learn next period about the value of assets in place. Since
the act of issuing equity can lower share price, however, shareholders may
disagree about the desired equity issue policy. For example, shareholders who
are about to sell shares may prefer that the manager delay or forego a project
if issuing equity to finance the project lowers the current stock price.12

We assume a sufficient number of long-term shareholders so that management

acts in their interest.13

Project value is assumed to be proportional to A ,; so that managers have
no incentive to wait to take projects in the absence of asymmetric information.

124e ¥now of no entirely satisfactory solution to this problem. Miller and
Rock (1985), and John and Williams (1985) discuss this issue in the context of
dividend and investment policy.

por instance, suppose that shareholders are voting on a permanent share-
issuance policy. Every shareholder knows that at some time they will be a short-
term shareholder, and at that time would vote for the manager to forego share
issuance. But it will generally still be in their interest to vote in favor of



Our results (and those of Myers and Majluf (1984), for example) depend
on the assumption that managers cannot write a contract allowing them to
credibly reveal their private information (Dybvig and Zender (1988)). If
managers could do so, issuing equity would be costless and all projects would
be financed immediately. Although such a contract is easy to envision in this
stylized model, there are difficulties with implementing such a contract in
practice. First, it may be hard to prove exactly when a manager acquires
information. Second, it may be hard to prove that the manager knew how the
market would interpret the information. Third, the manager may have quit or
retired by the time the information is revealed. Considerations such as these
suggest that contracts can reduce but not eliminate problems of asymmetric

information.

iii. Investors

Investors are competitive and risk-neutral. In buying newly-issued
equity, they acquire a share of the firm, s, in exchange for providing KA.
Investors have access to other investments with a zero expected rate of
return.

We summarize the assumed timing of events and information within a

period in Figure 1.

taking projects, since never taking a project permanently lowers the value of
the firm.



Firm learns if Manager learns A .; and Equity issue
it is liquidated. whether project arrives. announcement .
Market learns if Market learns A.. Market buys
firm is liquidated. equity.

Figure l: The resolution of uncertainty at time c.

3. Equilibrium

In any period, firms are assumed to follow a pure strategy of issuing or
not issuing equity, and are price-taking with respect to the terms of a sale.
We define an equilibrium as follows:

Definition. An equilibrium in the equity issue market is a share s and an
issue policy by firms such that
i. Investors weakly prefer to pay KA, for a share s of an issuing firm than
to invest in an alternative.
ii. Firms weakly prefer this issue policy to any other, taking s as given.
The share s may be a function of the commonly observed price history, and the

issue policy may be a function of the manager’s information.

In this section we posit a time-invariant issue policy and derive
sufficient conditions for it to be an equilibrium. Existence is demonstrated

by numerical example in Section 6.
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i. The Value of the Firm From the Manager’s Perspective

The manager has private knowledge at time t that the perceived value of
assets in place will increase (to uAt) or decrease (to dAt), and that the firm
either has or does not have a project. Thus there are four basic types of
firms.

Since equity issues will be more costly for undervalued firms than for
overvalued firms due to dilution, it is plausible that undervalued firms will
defer taking projects, even though they face the prospect that the firm may be
liquidated before the project can be taken. If overvalued firms do not take
projects, no firm will do so. With this as the intuitive rationale, we will

examine an equilibrium with the following properties:

(E1l) undervalued firms forego issuing equity even if they have a good
project,

(E2) all overvalued firms with a good project issue,

(E3) overvalued firms without a good project do not issue, and

(E4) investors receive a fraction of the firm s such that the expected

value of their shares is equal to the amount invested, KA.

Let V(a,b)A, be the manager's valuation of the firm following the
proposed policy (El)-(E3) at time t in state (a,b), where a=u,d and b=gr., By-
This valuation includes the share of the expected value of future new projécts
accruing to existing shareholders, as well as the value of assets in place.
Because the value of assets in place, project value, equity issue costs, and
necessary capital are all proportional to A, the manager’s valuation will

also be proportional to Ay (EL)-(E4) imply that the value of the firm,
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V(a,b), must satisfy the following set of equations (Appendix A contains a

more formal treatment of the maximization problem):

(L)  V(u,fp) = (L-pu + p(l-Qu[pV(u,fp) + (1-p)V(d,f1)] +

pqu(pV(u, ) + (1-p)V(d, By}

(2)  V(u,By) = (L-p)u + pulpV(y,fy) + (1-p)V(d,By)]

(3)  V(d,pp) = (1-p)d + p(1-@)d[pV(u.Bp) + (1-p)V(d,fp)]

+ pqd[pV(u,By) + (1-p)V(d,By)]

dV(U,ﬂL)/u

(4)  V(d,By) = (1-s)[dfy + K + V(d,Bp)]

Equations (1)-(4) define the value of the firm to existing stockholders,
conditional upon the manager’s information, under the proposed equilibrium
issue policy. Equation (1) is the value of a firm in state (u,ﬂL) that does
not issue. With probability (l-p) the firm matures the following period and
is liquidated with a terminal payment of u. Otherwise it begins the next
period with assets perceived to be worth u times asset value this period, and
with the appropriate probability falls into one of the four states (i.e. the
manager will learn th#t the news two periods hence is u or d, and whether a
project has arrived). Equation (2) reflects the fact that an undervalued firm
postpones or forgoes the project entirely to avoid dilution by pooling with
overvalued firms. Equation (3) demonstrates the symmetry between the two
types of firms without projects. Finally, (4) indicates that a firm in state
(d,ﬂH) benefits from investment in the project, but loses a fraction S of its

value to new shareholders.
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Equations (1)-(4) treat s as given. The share s is determined by
imposing condition (E4) that investors receive a fair value for new shares
purchased. Since only overvalued firms with good projects issue in the

14

proposed equilibrium, s is defined by:

(5) K = s(K + dfy + V(d,8y)).

Substituting this into (4) gives:

) V(d,By) = dfy + V(d,Bp)

Note that the system (1), (2), (3) and (4’) is linear in V. The unique

solution is given in Appendix A.

ii. Sufficient Conditions for Equilibrium

To establish that the proposed policy is an equilibrium, we must ask
whether a firm in any given state would do better deviating from the proposed
policy, holding the share s fixed. The number of potential policy variations
is infinite, since a firm can plan to deviate once or multiple times and in
any combination of states. It can be shown, however, that if a one period
deviation decreases firm value in each state individually, so does an

arbitrary multi-period deviation. This result is formalized in Theorem 1,

Lare By is not sufficiently negative, then some firms with low asset value
may choose to issue equity in order to pool with better firms. It is possible
to impose a weaker restriction on Bi, so that overvalued firms without a project
played a mixed strategy between issuing and not issuing. This results in similar
price dynamics, but more complicated algebra.

Note that the fair share s under (El)-(E4) is history-independent because
the issue policy is history-independent.
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which is stated and proved in Appendix A. Thus, verifying that a proposed
strategy is an equilibrium only requires checking that a one-time deviation by
a firm in each of the four basic states lowers firm value. The investor's
optimization problem clearly is satisfied by the imposition of (E4).

The policy proposed in (El)-(E4) will not be an equilibrium for
arbitrary parameter values. Intuitively, the willingness of undervalued firms
to postpone financing a project increases with the degree of information
asymmetry (the difference between d and u), and increases with project and
firm durability. If the information asymmetry is small, then in equilibrium
all firms with projects issue immediately. Also if |B;]| is sufficiently
small, firms with low quality assets and no project may prefer to issue equity
to pool with higher quality firms. The numerical examples presented later
illustrate that the proposed equilibrium obtains with plausible parameter
values. This equilibrium will be assumed in the analysis of pricing and
timing below.

Multiple equilibria may exist for a given set of parameter values. This
occurs when the willingness of a firm to issue depends on whether it believes
other firms of the same type are also issuing. For example, if (u,fy) firms
issue as well as (d,BH) firms, the equilibrium share s is lower than if only
(d,8y) firms issue because the former are more valuable to investors. Thus
there may be two equilibria: one with a low s and both types issuing, and one
with a high s and only (d,8y) firms issuing. Standard refinements of Nash

equilibria cannot eliminate this type of multiplicity.
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4. Share Price Behavior
i. The Market Price of a Share

Thus far we have concentrated on the manager's valuation of the firm.
Investors, however, can only use publicly available information in computing
price. Investors know the distribution of firm types in equilibrium, so the
market valuation for a firm will be a weighted average of the values of the
various types of firms. Interestingly, price is history-dependent because the
probability that a firm has an unexploited project increases in the number of
periods since the last fall in asset value.

Let q; denote the probability that a firm with exactly i conmsecutive
asset value increases has a project. Recall that the last time management
foresaw an asset value decrease, they adopted any available project. If the
firm has experienced exactly n asset value increases since that time, the
probability of having a project is one minus the probability of not having

received a project since the initial drop in asset value:

(6) g = 1-(l-)™* n=0,1,2,...

Let P(n)A, be the time t stock price immediately prior to announcement
of an issue, where n is the number of consecutive price rises for the firm.
The price is separable in A_ because the value function is separable. With
probability q, the firm has a project, and with probability p the management
privately observes a rise in asset value. Taking these possibilities into

account we have:

% B(n) = plagViu,By) + (L-q)V(u,Bp)]

+ (1-p) [q,V(d, By) + (1-q)V(d,Bp)] n=0,1,2,...
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From equation (7) it is clear that the market price for a firm is
increasing in the number of consecutive rises in asset value, as shown in the

following lemma:

Lemma 1. In an equilibrium characterized by (El)-(E4), P(i) is increasing in
i.
Proof: Lemma A3 in Appendix A shows that V(-,By) > V(-,Bp). Further, q, is

increasing in n. Consequently, the result follows from (7).//

ii. Price Behavior At Issue

To measure the short-term effect on stock prices of an equity issue, we
compare the market price immediately before and after issue. Equation (4")
provides the‘price after issue, with A_ normalized to 1. Subtracting equation

(7) gives the price drop for a firm with n consecutive asset value increases:

(8) By + V(4,8 - (p(V(u, By + (L-)™L(V(u,pD)-V(u, B )

+ (1-p)(V(d, By + (L-)™L[V(d,B)-V(d, B ])

The sign of this expression depends on the degree of information
asymmetry, and on the number of consecutive asset value increases. As n » =,
this becomes p{V(d,fy) - V(u,ﬂH)], which is negative. The logic is that a
firm with a large number of asset value increases is almost sure to have a
project, so the decision to issue equity reveals only that the value of assets

in place will fall. For other firms, the decision to issue equity reveals
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both a negative return on assets in place and the existence of a project, so

the price effect can be ambiguous.15

iii. The Equilibrium Price Path Prior to Issue

This section discusses our main result:

Theorem 2: In the equilibrium described by (El)-(E4), the average excess
returns for a firm issuing equity are positive over the n periods preceding

the issue, where n is any positive integer.

The proof of Theorem 2 is in Appendix B. Here we discuss the logic and
robustness of the result.
The idea of the proof is simple. We compute the average return earned

over n periods by all firms,16

and compare this to the average return earned
over n periods by all firms which issue equity in the nth period. The average
return for firms which issue equity exceeds the unconditional return because
firms which have had price rises accumulate projects and are therefore over-
represented (relative to all firms) in the sample of firms issuing equity.

Because projects last as long as the firm does, the duration of the

price rise is unbounded. However, the incremental price rise from looking

15Myers and Majluf (1984) note that if equity issues are costly, the
announcement of an equity issue can raise the stock price. The costly equity
issue serves as a credible signal about the value of the project.

160ne might expect a zero average return across all firms, which is the
case unconditionally. In this calculation, however, there is a survivorship
bias: the selection of firms that were not liquidated in the last n periods
induces a positive unconditional return.
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back over a longer horizon goes to zero as n becomes large, because the
probability that a project was postponed for n periods becomes small.l?

This qualitative pattern of price behavior clearly depends upon the
assumed equilibrium. If u and d are close together, for example, so that all
firms issue equity upon receipt of a project, the returns earned by issuing
firms are the same as the returns for all firms. Thus, the model predicts
that firms with different degrees of asymmetric information should have
different price behavior both preceding and immediately following the issue
announcement.18

Finally, the model implies that firms that have had a larger price rise
prior to the issue will face a larger price drop at announcement of the issue.
This occurs because firms with a longer string of price rises on average have
a higher probability of having a project and thus have a higher pre-issue
price. After the project is taken, all firms have the same price.19
Empirical evidence on the relation between the price rise and the drop is
mixed.20

One possible alternative to this reason for the price rise is that the

market learns about the arrival of a valuable project, the stock price rises

171t can be shown that if project life is finite, then the price rise will
last no longer than the maximum life of a project.

18por instance, asymmetric information may be less of a problem for public
utilities because they have regulated rates of return. In fact, utilities appear
to depend more on equity issues than other industries, and Masulis and Korwar
(1986) find evidence that the price drop for utilities is smaller.

19 ynlike the price rise, this result does not appear to be robust with
respect to model specification.

2OKorajczyk, Lucas, and McDonald (1989) show that the price drop is
negatively correlated with the price rise over long periods and positively
correlated over short periods, a result consistent with apparently contradictory
results in Asquith and Mullins (1986) and Masulis and Korwar (1986).
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in response to this information, and the firm subsequently issues stock to
finance the project:.21 This story, however, leaves unexplained the price drop
at issue announcement, and also does not account for the price rise preceding
pure secondary issues, in which the firm raises no funds and which therefore

are not necessarily linked with project arrival.22

5. The Relation Between the Number of Equity Issues and the Return on_the

Market

In the analysis thus far, the return on the market was assumed to be the
same every period. As discussed above, equity issues are not uniform over
time; they tend to follow a general rise in the market. A simple modification
of the model generates time variation in the number of issues, and permits us
to analyze the relation between equity issues and the return on the market.

First we calculate the quantity of equity issues in any period when the
probability of an increase in asset value is constant. This requires counting
the number of issues by firms with different price histories. The
unconditional probability of having n consecutive price rises and surviving n
periods is (pp)™, for n=1,2,... . Since probabilities add to one, the
fraction of firms with a price drop or no price history (i.e., new firms) is
(l-pp). Thus the probability of having exactly n consecutive price increases
is (pp)“(l-pp). For a firm to issue in the current period, it must have a

project (which it does with probability q,), and the manager must observe a

2lthe price rise in our model is not consistent with this story since
project arrival is assumed to be unobservable.

22price behavior preceding secondary issues is qualitatively similar to
that for primary issues. For a more complete discussion of alternative theories,
see Korajczyk, Lucas, and McDonald (1989).
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drop in asset value (which occurs with probability (l-p)). The quantity of

issues at any time is therefore:

L

(9 (1-p) T q(1-pp) ()’ = (1-p)a/[1-pp(Ll-)]
i=0

Note that the number of issues in (9) is less than q, the number that would
obtain in the absence of asymmetric information.

To capture the fact that aggregate returns fluctuate and that returns
are correlated across firms, we now suppose that the probability of an
increase in the perceived asset value between times t and t+l for each firm is

stochastic:

(10) Py = Pteg.

¢, has mean zero, support (-p,1-p), and is independently and identically
distributed over time. Neither the market nor managers observe e, until time
t+l, so at t the expected probability of an increase is p. Equations (1)-(4")
are linear in p, hence they remain unchanged when the probability of an
increase in asset value is given by (10), and when e, is independent of
project arrivals. If p_ exceeds p, the aggregate return will be greater than
average. Thus we can think of a "market rise"” as occurring vwhen p, exceeds p
several times in a row.

More precisely, the unconditional market price at time t reflects
historical probabilities, the realized values of assets in place, and the
relative proportions of firms with different price histories. Let Kt denote
the average aggregate value of assets in place at time t. Then the

unconditional market price at time t is:
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- = i
(1) M =4 ( ZPR() (Q-pp_; 1) Top g
i=0 k=1

where Xt- Xt-l[upt-l+ d(l-pt_l)]
Market returns can be calculated by simply taking ratios of the market price
at different points in time.

The quantity of issues at time t is given by equation (9), modified to

keep track of the historical fraction of firms with an increase in asset

value:
© i
(12) (l-p) 2 q.(l-pp__. ;) I pp__
tio t-i-1 k=1 € k

Appendix C establishes that (11) and (12) increase in Pt-k for k > 0, Thus,
following a number of greater than average p’s, there tends to be a greater
than average number of issues as well as a general rise in the market.23  we

explore the magnitude of this correlation by simulation in the next section.

6. Simulations
This section compares model simulation results with corresponding

empirical results from Korajczyk, Lucas, and McDonald (1989).24 With

23 Note that the informational asymmetry between managers and outside
investors is constant over time, as is the value of a project relative to assets
in place. These assumptions rule out the explanations for equity issue timing
offered by Choe, Masulis, and Nanda (1989) and Korajczyk, Lucas, and McDonald
(1988), which are based on time-varying asymmetry.

2b41he sample contains 549 seasoned equity issues by NYSE/AMEX industrial
firms over the period 1974 to 1983, The abnormal return for each stock was
computed relative to an equal-weighted portfolio of NYSE/AMEX and OTC stocks,
without adjusting for individual firm betas. Stock and index returns are from

the Center for Research in Securities Prices tape. The price drop at
announcement of the issue was measured over a two-day window including the day
before the announcement. Equity issues were obtained from Drexel Burnham,

Lambert’s Public Offerings of Corporate Securities (various years), and
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reasonable parameter values, we find that the model reproduces most of the
stylized facts discussed in the introduction.

All the simulations employ the parameters listed in Table 1. The
existence of an equilibrium for these values was verified following Theorem 1.
Parameters were chosen to calibrate the model to some general features of the
data, and to match the empirical distributions. 1In fact, a large range of

parameter values admit qualitatively similar results. 2>

The values of p, d,
and u imply a quarterly standard deviation of 20%, or an annual standard

deviation of 40%. The distribution of €. leads to a 28% annual, or l4%

quarterly, standard deviation of aggregate market returns . 26
Table I. Simulation Parameters
p=.99 py=~0.3 p= 0.5 u=1.2 .35 pr=.5
K=.2 By =-0.05 q= .009 d=0.8 e -.35 pr=.5 }

(1 period = 1 calendar quarter)

Figure 2 illustrates the simulated average excess returns conditional on
issuing over the eight quarters prior to issue, and the price drop at issue.
The cumulative abnormal return over the entire period is 24.4%, with a drop at

issue of 2.8%. This is quite similar to Figure 3, which has a 47% rise and a

announcement dates from the Wall Street Journal Index. The data and calculations
are described in detail in Korajczyk, Lucas, and McDonald (1989).

25 A1l simulations were done in GAUSS. The programs are available upon
request.

26The total return in a period is (p+e)u + (l-p-€)d = e(u-d). For the
parameters in Table 1, e(u-d) = .l4. Since € is binomially distributed, .14 is
the quarterly standard deviation.
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3% drop at issue, and which was constructed using market data on issuing
firms.27

The model generates a cross-sectional distribution of price histories
for issuing firms as well as the average price rise. The possibility of
negative returns prior to an issue arises because some firms which issue will
have suffered a string of price decreases followed by a project arrival. The
predicted distribution can be derived analytically, following the logic of
equation (Bl) in Appendix B. The simulated distribution based on this
equation is illustrated in Figure 4. Each bar represents the percentage of
firms with pre-issue cumulative abnormal returns less than or equal to the
number on the x-axis, and greater than the previous number on the x-axis. By
comparison, Figure 5 shows the empirical distribution of returns in the seven
quarters preceding an actual issue. The predicted percentage of firms with a
loss in the two years preceeding the equity issue is 37%, while the actual
percentage is 23%.

Finally, Figure 7 shows that on average, market rises precede equity
issues, while Figure 6 illustrates the same relation for model-generated data.
Figure 6 was generated as follows. A sequence of 1000 i.i.d. random numbers
was used to create a probability sequence (p.), as described in Section 5.

The number of issues each period was calculated using (12), with the index i
truncated at 15 (the approximation error is small since p15 = 1072 at p=.5).
The corresponding unconditional market returns history at each date was

computad using (11). The price history in the eight quarters preceding each

27 Korajczyk, Lucas and McDonald (1989) find that the predicted excess
return is very sensitive to how the excess return is estimated. Although all
methods yield a positive excess return, estimates using different market indices
range from 20% to 80% over the 500 day period. Thus, we put more emphasis on
picking "plausible" parameters, rather than matching the empirical rise exactly,
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quarter was weighted by the number of issues in that quarter. Summing and

dividing by the total number of issues yields the average market price path in

Figure 6.
7. Welfare Analysis

It is natural to ask whether the magnitude of the price rise or the
price drop tells us anything about the welfare costs of asymmetric
information. The fact that an equity issue results in a drop in the value of
the firm on average equal to 30% of the capital raised [Asquith and Mullins
(1986)] has led some observers to conclude that equity issues are likely to be
prohibitively cosctly. 1If other forms of financing are unavailable, this
suggests potentially large welfare losses. However, this need not be the
case. A large price drop at issue can occur even though welfare losses are
small.

There are two sources of welfare loss in this model, relative}to a full

information setting in which all projects would be financed:

o Some projects are lost when firms go out of business while waiting for
favorable market conditions to issue. In this model effective project
durability is increasing in p, the probability that the firm remains
viable for another period.

o A project may be displaced by a new project. The probability of

displacement is positively related to the project arrival rate, q.

The welfare loss can be measured using the ratio of projects adopted
each period to project arrivals each period. Dividing equation (9) by q gives

the steady state fraction of projects accepted:
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(1-p)

(13) 7T T (I-qep

Clearly ¢ increases in p and decreases in q. The total loss each period is
the fraction of projects foregone times the average value of each project:
(l-0)By. Thus if projects are fairly durable, and if the frequency with which
firms have no alternative but teo use equity is low, welfare losses will be
minimal.

The reason that the welfare loss need not be related to the price drop
at issue (or to the preceding rise) is that the price dynamics depend
primarily on the manager’'s private information about the value of the firm
next period. Algebraically, the slope of the price rise and the extent of the
drop depend on the ratio u/d, while ¢ is independent of u/d. By issuing
shares, management effectively releases information early. This has no social
cost, although it may have a private cost to shareholders who sell immediately
following the equity issue announcement. The probability of losing projects
is already impounded into the stock price, and thus does not affect any of the
price reactions. Thus, there is no tight link between price behavior and the

social cost of asymmetric information.

8. Concluding Remarks

This paper presents a simple information-based model that accounts for a
large number of facts about price behavior around equity issues and the timing
of these issues. First, the model replicates the long price rise prior to
issue. Interestingly, although the duration of the assumed information
asymmetry is short (the manager never has private knowledge of more than next

period’'s valuation), the price rise can be long-lived because firms which by
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chance have many positive surprises will defer equity issues and appear to
have long price run-ups. This policy also generates a realistic cross-
sectional distribution of pre-issue price histories. Secondly, we show that
time variation in the aggregate average quality of assets generates the
observed positive correlation between the volume of issues and general market
returns.

It is possible that extensions of the model can explain other phenomena.
For instance, a stock repurchase is the inverse of an equity issue in the
sense that managers could repurchase underpriced shares to benefit selling
shareholders. We might expect that price behavior around the announcement of
a stock repurchase will be the mirror image of that for an equity issue, and
that repurchases will be clustered in periods following market downturns. It
may also be possible to include costly debt in the model, and to analyze the

debt/equity choice. Both of these areas remain for future research.
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Appendix A
Sufficient Conditions for Verifving the Existence of Equilibrium

This appendix develops more formally the maximization problem posed in
the text, and proves Theorem 1, which gives a sufficient condition for a
proposed issue policy to be an equilibrium policy. Also, the value function
defined by (1)-(4) is solved and characterized.

Let a, = u,d denote the managers private knowledge about the perceived
value of assets in place at time t+l, b, = By, B denote the presence or
absence of a project, and H, denote all other information in the managers
information set at time t including the firm’s history of asset value and
project arrivals. Let o, = (a., by, Ht) denote the current state. E  is the
conditional expectation operator, where the expectation is conditioned on O¢-
The manager selects an issue policy at time t as a function of his

information:

0o ; do not issue equity this period

It(at) - {

1 issue equity this period

The manager’'s problem is to choose I, each period to solve

(Al) Je(og; 1) = m§x§(l-slt)[(k+atbt)AtIt+(l-p)atAt + pEtJt+l(at+l:It+l)])
t

Lemma Al: The value of following the optimal strategy is bounded above by:
B = u + uy/(1-p) + K[(1-p)+up]/(1-p)
Proof: The value of the firm will obviously be greatest if projects arrive

every period (q=l and b=fy always) and investment capital is free (s=0).
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Under these assumptions, it is obvious from (Al) that the optimal policy is to
issue always (It-l). (Al) then becomes (with A normalized to 1):
J(d, By, -i1) = k + dfy + (L-p)d + pd(pJ(u,By, ;1) + (1-p)J(d, By, ;1))
J(u, By, ;1) = k + upy + (L-p)u + pu(pJ(u,fH, ;1) + (1-p)J(d,By,.;1))

J(u,ﬂH,.;I) has the solution above.//

We now demonstrate that if it is not optimal to deviate from a proposed
policy for one period, then it is not optimal to deviate for any number of
periods. Let I* denote the proposed optimal policy, W (o ;I *) denote the
value of following the proposed policy forever beginning at time t, and
wg(”t;lt) equal the value of following an alternative policy I for n periods,

and following I* thereafter.

Lemma A2. If Wi(-;I,) = Wc( ;I%), then WB(-iI) < W (-:I.%).

t
Proof. The proof is by induction. The base case is assumed. We need to show

that 1f WATL(.;T,) < W (.;I%) then WB(.;I,) < W.(.;I.*). By the definition

of Wg(.;lt*) we have

W0 T,) = (L-sIo) ((ktagh)Iehy + (L-plaghy + pEMPTL ) (o0 11T )]

1A

(1-sI,) ((k+ab )T AL + (L-pacAe + pE W 1 (9pyiT%e 1))

1 .
WelopiTe)

A

Wt(dt;l*t). //

Although finite deviations from the optimal policy are not optimal, it
remains to show that arbitrary infinite deviations are not optimal. Suppose
that there exists an I’ such that wt(”t'l’t) > Wt(at,l*t) for some 0. Again
let Wg be the value of following I’ for n periods. Solving Wg recursively

(arguments are suppressed when obvious) gives
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a t+n-1 i-t i t+n-1 n
Wt— Et[(iftp §Eél-slj)]((k+aibi)IiAi+(1-p)aiAi) + (jgél-sla)) P wt+n

Since W: and Wg are computed using the same issue policy for periods t through

t+n, we have

- n t+n-1 n
We - W = Et[(igt(l'SIi)) P Men ™ Vel

1A

o1 B, where B is defined in Lemma Al.

Since WT - W

p < w: - Wg < p"8 - 0 as n » ©», we have a contradiction, and have

t

proven

Theorem 1: If a deviation from the assumed policy is not optimal for 1

period, it is mnever optimal.

Sciution to Equations (1)-(4’).
If (El)-(E4) are an equilibrium, (Al) reduces to (1l)-(4"). The solution is

given by

V(d,Br) = d[1+Bypqd(1l-p)/(1-p)(1-pup(l-q)]
V(u,81) = {(1-p)utpu(l-p){V(d,p1)+dBAyq/(1-pup(l-q)))]/(1-pup)

V(d.fy) = V(d,Bp) + dfy

V(u, By) [(1-p)utpu(l-p)(V(d, B )+dBy}]/(1-pup)

Lempa A3: V(- 8 > V(8.

V{d,By) - V(4,8p) =dfy >0

V(u,fy) - V(u,pp) = [1-q/(1-pup(l-q))]dfy/(1-pup) > 0.,
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Appendix B
Proof of Theorem 2.

We first compu£e the return for firms which have lived at least n
periods, without conditioning upon whether they issue equity in the current
period. There are 2" possible price paths over n periods. 2n-1 paths
culminate in the sequence {(d} (a fall in asset value), and all of these result
in a terminal price of P(0). Similarly, there are gn-i-1 paths which
culminate in the sequence {d,u,...u} (u repeated i times), and all of these
result in a terminal price of P(i). There are (n-}-l) ways to arrive at this
terminating sequence in which exactly j up realizations occurred. (The case
with n or more consecutive u’'s is slightly different, and is discussed below.)

To compute returns we also must consider the purchase price n periods
ago. Because of independence, the fraction purchased at the price P(0) is
(1-pp), at P(l), pp(l-pp), at P(2), (pp)z(l-pp), and so forth. (This is
derived in Section 5.)

Combining terms, the total average return for stocks which reach the
terminating price P(i), i < n, times the probability of that return, is

o (1-pp) (pp)) n-i-1 .
n-i-1 d)n-l—k-l k

(31) P(i)dul [T ——] [ = ¢ ) ((1-p) ) 1; 0

j=0 B k=0 k

IA
%
A
7

Since the term in the last set of brackets is the binomial expansion of
[(1-p)d+\.1p]n'j"l = 1, this can be written

= (1-pp)(pp)’

i

(Bla) P(i)du™ [ Z — =1 . 0<1i=<n-1

PR 16D

j=
For sequences of consecutive u’'s extending back further than n periods, the

purchase price must reflect exactly n fewer u’'s than the current price. The



combined total average return for stocks which reach the terminating price

P(j), j = n, times the probability of that return, is

o B(i+])(1-pp) (pp))
z T "
LE T 2@

(Blb) P(i) u

Weighting by the appropriate probabilities, we get the following

expression for the n-period return for all firms which survive n periods:

n-1 i « (l-pp)(pp)k
(B2) S P(1)d(l-p)(up)” ( Z —5 oy
i=1 k=0 P

L P(n+k)(1'PP)(PP)k
+ P(n) (up) (Z P(n) P(k) )

For future reference, (B2) is a weighted average of terms of the form

30

(Bl), with weights wi-(l-p)pi for i=0,1,...,n-1, and w =p". Thus, w;/w;_ 1 = P
for i=0,1,...,n-1. Note also that (Bla) and (Blb) are strictly increasing in
i.

Now consider the return conditional upon issuing equity. Firms with a

price of P(i) have a project with probability q;. Thus, to compute the return

conditional upon an equity issue, we need only weight the terms in the above

expression. Then (Bl) can be modified:

n-1 L e L (op
(B3) { T P(qal-pup) (T )
i=0 k=0 P(k)
N = P(n+i)  (1-pp)(pR) "
+ P(n)(up) (1-p) 2 q_ . } [ x]
i=0 P(n) P(i)
where
n-1 ©

. .
x = Tq.(l-pp? + = q.m(l-pp)pJpJ n
j=0 4 j-0
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Equation (B3) is again a weighted average of the terms like (Bl), with weights

given by a; - [qi<1_p)pi] / X, i=0,1,...,n-1.

Since q; increases in i, the weight on the last term is greater than
0, = lag(l-#sp)P" / x.
The ratio of successive weights is q;p/qj.1 > p for i < n. Also 0,/0,.1 >

wy/wy_.1- Thus, greater terms in (B3) have proportionately greater weights

than the same terms in (B2), so (B3) > (BZ).//
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Appendix C
In this appendix, we show that when the return on the market is time-
varying, the number of issues at time t is increasing in Pe.j> the fraction of
firms with an asset value increase j periods earlier. We do this by showing

that (12) is increasing in Pe-j- Similar algebra demonstrates that the market

price (1l1) increases in Pe-j- To begin, note that for all j,
@ i 3j
RS 2 (l-pp._ ;. ) T ep . - Mpp., =0
1mj t-i-17 4t k k=1 ° k

Setting j = O demonstrates that the weights in (12) sum to 1, so that (12) 1is
a weighted average of terms of the form (l-pt)qi.

Differentiating (12) with respect to Pe.j gives

j-1 = i 1
(C2) -q; 42 I pp_y + [ 2 q;(1-pp ;. YT pp, 1 ——
§-1 k=1 t-k im] i t-i-1 k=1 ¢ k pt-j
This can be rewritten to give
%4G.1 , = 94 i
€3y —— Z ( - (1-pp_ . ) T pp
Peoj Limg 991 el ek
© i J
+ T (Q-pp .4 Mpp . - T pp__ } >0
1m t-i-1 k=1 t-k k=1 t-k

From (Cl), the last two terms sum to ZzZero. Since q is increasing, the first

term is positive. 7/
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