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Corporate Investment and Asset Price
Dynamics: Implications for SEO Event Studies

and Long-Run Performance
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ABSTRACT

We present a rational theory of SEOs that explains a pre-issuance price run-up, a
negative announcement effect, and long-run post-issuance underperformance. When
SEOs finance investment in a real options framework, expected returns decrease
endogenously because growth options are converted into assets in place. Regard-
less of their risk, the new assets are less risky than the options they replace.
Although both size and book-to-market effects are present, standard matching proce-
dures fail to fully capture the dynamics of risk and expected return. We calibrate
the model and show that it closely matches the primary features of SEO return
dynamics.

THE ATYPICAL STOCK MARKET PERFORMANCE of public firms that issue seasoned eq-
uity raises an important challenge for financial theory. Summarizing an exten-
sive empirical literature,1 Ritter (2003) reports average stock market returns
of 72% in the year prior to a seasoned equity offering (SEO), an announcement
effect of −2%, and five-year post-issuance abnormal returns of about −30%
relative to seemingly reasonable benchmarks. A comprehensive explanation
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1 For evidence on long-run performance, see, for example, Loughran and Ritter (1995), Spiess and
Affleck-Graves (1995), Brav, Geczy, and Gompers (2000), Eckbo, Masulis, and Norli (2000), Mitchell
and Stafford (2000), and Clarke, Dunbar, and Kahle (2001). Announcement effects are analyzed
by Asquith and Mullins (1986), Masulis and Korwar (1986), Mikkelsen and Partch (1986), Bayless
and Chaplinsky (1996), and others. Stock price run-up prior to the SEO is discussed by Korajczyk,
Lucas, and McDonald (1990) and Loughran and Ritter (1995). Eckbo and Masulis (1995) summarize
the earlier literature.
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of these facts is not obvious, and in the leading theories, cognitive bias and
persistent mispricing play a critical role.2

In this paper, we develop a rational theory of observed returns throughout
the SEO episode. We calibrate the model and show that it captures not only
the basic qualitative facts, but also generates a close quantitative match to the
primary empirical moments. The key economic idea relates stock offerings to
an endogenous decrease in expected returns. The intuition is straightforward:
equity issuance is associated with firm expansion. As firms grow, they convert
real options into assets in place. Even when the new assets are risky, they
are less risky than the options they replace. Our explanation does not rely on
changes in financial leverage, since we model an all-equity firm. Instead, the
investment associated with an SEO causes a more fundamental change in total
firm (or asset) risk.

Our real options theory contradicts the commonly held intuition that invest-
ment in risky projects should increase asset risk. Ritter (2003) explains the
effect of equity offerings, according to the standard view: “It is . . . entirely con-
ceivable that lower leverage is more than offset by increased operating risk,
if issuing companies embark on aggressive expansion plans with the money
raised in an SEO.” Consistent with Ritter, our model allows expansion opportu-
nities to have riskier cash flows than existing assets, due to increased operating
leverage. Nonetheless, we arrive at the opposite conclusion. In particular, we
show that the riskier the expansion opportunity, the larger the decrease in risk
upon optimally timed option exercise. This may seem counterintuitive at first,
but a growth option is a levered claim. Investment (or option exercise) unlevers
the position, and when the underlying cash flows are riskier, the reduction in
exposure from delevering is larger.

Real options intuition also accounts for a substantial pre-issuance price
run-up. Because growth opportunities are exercised only when they move
sufficiently into the money, above average returns naturally precede SEO an-
nouncements. This is a direct consequence of ex post selection bias, as discussed
by Brown, Goetzmann, and Ross (1995) and others in different settings.

To complete the characterization of SEO episode returns, we incorporate an-
nouncement effects using a very simple form of asymmetric information. Man-
agers have superior knowledge regarding the characteristics of their growth
option, and optimal SEO timing reveals this to investors. We show that on
average, the announcement of a stock offering in our environment is bad news.

The model we propose captures additional empirical features that are rele-
vant beyond the SEO setting. We adapt the technology of Carlson, Fisher, and
Giammarino (2004), and thereby obtain both small stock and value premia.

2 Daniel, Hirshleifer, and Subrahmanyam (1998) show that overoptimistic investors may exces-
sively extrapolate from the positive pre-announcement experience of SEO firms, and underreact
to the bad news of an SEO announcement, resulting in slow learning and negative long-run ab-
normal returns. Alternatively, Loughran and Ritter (1995) and Baker and Wurgler (2002) propose
that managers time the market to take advantage of windows of opportunity. Investor underreac-
tion to SEO announcements allows managers to sell overvalued equity, again resulting in long-run
underperformance.
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The empirical literature on long-run SEO underperformance often attempts
to control for risk by matching on firm characteristics. Using this approach in
our environment is reasonable, since both size and book-to-market are explicit
determinants of conditional asset beta. We nonetheless demonstrate theoreti-
cally why the standard-matching procedure fails to fully capture risk, and we
quantify the effects in our calibration.

The model also has implications for the relationship between investment
and subsequent returns. Studies including Anderson and Garcia-Feijoo (2006),
Lamont (2000), Polk and Sapienza (2004), and Titman, Wei, and Xie (2004)
find correlation between investment and subsequent stock underperformance.
Many of these papers argue that overinvestment due to either managerial or
shareholder overoptimism is the most plausible explanation for these findings.3

In contrast, we propose that a decline in returns following investment is a
natural consequence of growth option exercise.4

Although not explicitly a model of an initial public offering (IPO), intuition
from our model can be applied in this context as well. Run-up and announce-
ment effects are not observable in firms going public; however, our theory does
predict the empirically observed post-IPO underperformance relative to stan-
dard benchmarks.5 Moreover, our theory suggests that the decline in risk follow-
ing a stock issuance should be largest for small firms with substantial growth
options, which are common characterististics of IPO firms (see, e.g., Brav et al.
(2000)).

Our explanation for low returns following equity issuance differs from Pastor
and Veronesi (2005). In their model, low-required returns cause investment-
driven issuance, and low average returns naturally follow.6 This can be char-
acterized as a discount rate (or denominator) channel, driven by exogenous
changes in required returns. In contrast, in our theory discount rates are con-
stant as long as the characteristics of cash flows are unchanged. Instead, varia-
tion in asset risk derives from changes in the composition and riskiness of firm
cash flows that arise due to investment and product demand dynamics. Hence,
the cash flow (or numerator) channel drives our results, and changes in risk
are endogenous.

The framework we develop relates most broadly to the prior literature on real
options models of corporate investment.7 Lucas and McDonald (1990) develop
a theory of pre-SEO price run-ups and announcement effects in a risk-neutral
setting. We allow for risk aversion and focus on the dynamics of risk-adjusted

3 See also the survey of behavioral corporate finance by Baker, Ruback, and Wurgler (2005).
4 Although not the focus of our paper, operating performance is also highest before equity offer-

ings and investment and lowest afterwards in our environment. This prediction is consistent with
empirical evidence in Loughran and Ritter (1997), and also does not rely on overinvestment.

5 An extensive literature on IPO performance begins with Ritter (1991) and is surveyed by Ritter
(2003).

6 A similar phenomenon occurs in the model of Berk, Green, and Naik (1999) when the risk-free
rate is stochastic.

7 Among the early real options research, our work is closest to Brennan and Schwartz (1985)
and McDonald and Siegel (1985, 1986).
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required returns. Our work also closely relates to recent contributions by Berk
et al. (1999), Gomes, Kogan, and Zhang (2003), Carlson et al. (2004), Kogan
(2004), Cooper (2006), and Zhang (2005). This previous research explores how
optimal investment and movements in underlying state variables affect ex-
pected returns, focusing on both the cross-section of returns and asset pricing
anomalies such as size and book-to-market effects.8 We instead emphasize time-
series consequences for corporate event studies.

Our work is also relevant to the literature on conditional event studies,
which considers corporate decisions that are partially anticipated by the mar-
ket (Acharya (1988, 1993), Eckbo, Maksimovic, and Williams (1990), Prabhala
(1997)). In these studies, conditional expectations are typically formed only for
the snapshot in time over which the event occurs. In contrast, we explicitly de-
rive the evolution of investor beliefs over the entire SEO episode, and our model
of investor anticipation is dynamically consistent. We thus extract information
not only from the cross-section of event and nonevent firms, but also from the
time series of returns around the event.

The plan of the paper is as follows: Section I presents the model, analyzing
valuation, and conditional risk. Section II derives closed-form results on the
run-up, announcement effects, matching, and long-run performance. Section III
calibrates the model to empirical data using simulated method of moments and
examines the effects of parameter changes through sensitivity and scenario
analysis. Section IV concludes.

I. A Model of SEO Timing and Expected Return Dynamics

In our setting, a firm sells its output into a market with stochastic demand.
A value maximizing manager chooses when to irreversibly expand output. The
firm issues new equity to finance expansion, and the manager has superior
information about the value of the growth opportunity.

To aid exposition, all random variables are defined on a filtered probability
space

(
�, F , F, P

)
, where F ≡ {Ft}t≥0 is the information filtration and Ft ⊆ F

for all t. Time −t subscripted random variables are measurable with respect
to Ft and all unsubscripted random variables are measurable with respect to
F0.9

A. The Firm and Investment Opportunities

A monopolist faces downward-sloping isoelastic demand

Pt = X t Qγ−1
t , (1)

8 Zhang (2004) explores how Q-theory relates to a number of return anomolies.
9 We largely follow the notational conventions of Duffie (2001). See this reference for further

details.
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where Pt is price, Xt is an exogenous state variable, Qt is the instantaneous
output rate, and 0 < γ < 1. We specify

dXt = μX X t dt + σ X t dzt , (2)

where zt is a standard Brownian motion, and μX and σ are, respectively, the
mean and volatility of the growth rate of Xt.

The firm produces goods from installed capital Kt under the strictly increas-
ing production function Qt ≤ Q(Kt). To simplify, we assume two capital levels
κ0 and κ1, such that κ0 < κ1. The firm begins with capital level κ0, and can ir-
reversibly increase its scale to κ1 at a cost λ ≥ κ1 − κ0, which includes both the
direct cost of new capital and adjustment costs. We let Dt ≡ d1{Kt=κ1} represent
the firm’s investment decision at time t.10 This process takes a value of one
at the instant the firm invests, and zero elsewhere. The firm also has in each
period operating costs Ft = F(Kt) ≥ 0 that strictly increase in the capital level,
but that are fixed with respect to the output level Qt. For convenience, denote
fi = F(κi). There are no other costs of production.

The firm may be one of two types θ ∈ {b, g}, distinguished by the characteris-
tics of its expansion option. Specifically, the firm may randomly lose its growth
option, where stopping time τY > 0, independent of all other variables, gives
the instant at which this occurs. Let

Yt ≡
{

0 if t < τY

1 if t ≥ τY
(3)

be the associated indicator function. We assume τY has exponential distribu-
tion with parameter ρθ , and thus the unconditional probability that Yt = 0 is
exp(−ρθ t). If Yt = 0, an immature firm with capital level κ0 may invest to grow
to κ1, but if Yt = 1 the firm cannot expand. The value of Yt has no effect on a
mature firm already possessing capital κ1. We assume ρb > ρg, so a type-b firm
is likely to lose its growth opportunity sooner than a type-g.

This model of growth option loss can be thought of as a reduced form for
preemption risk. A firm facing no rival for a growth opportunity can optimally
time investment without consideration of outside factors. On the other hand, a
firm whose expansion opportunity is at risk may invest earlier in order to itself
preempt challengers. The choices of ρb and ρg allow considerable heterogeneity
in how strongly preemption risk affects firm decisions.

In the remainder of the paper, we assume ρg = 0 and ρb = ρ. This simplifies
notation and does not materially affect our main results.

A.1. The Pricing of Risk

We assume the existence of traded assets that can hedge demand uncertainty.
Let Bt denote the price of a riskless bond with dynamics dBt = rBt dt, and let

10 For any random event Z, the indicator function 1{Z} takes the value one when Z occurs and
zero otherwise.
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Mt be a risky asset with dynamics dMt/Mt = μM dt + σ dzt. Note that M has
transitions identical to X except for the difference in their drifts δ = μM − μX >

0. Thus, returns on M are perfectly correlated with percentage changes in the
demand state variable. We can now construct a portfolio with possibly time-
varying weights in M and B that exactly reproduces firm value dynamics. This
combination is called a replicating or hedging portfolio.

Without loss of generality, we normalize M to have a beta of one so that the
proportion of M held in the replicating portfolio determines the beta of the port-
folio. This simplifies notation, aids interpretation, and places no restrictions on
our theory.11

The traded assets M and B allow us to define a new measure under which the
process ẑt = zt + μM − r

σ
t is a standard Brownian motion. For this risk-neutral

measure, demand dynamics satisfy dXt = (r − δ)X t dt + σ X t d ẑt .

B. Intrinsic Value, Optimal Investment, and Equity Issuance

We assume that shareholders delegate to a manager full responsibility for
running the firm. The manager has complete information regarding firm type,
but cannot communicate this to shareholders. The objective of the manager is to
maximize intrinsic value, defined as the price that would be paid for the firm by
a competitive market with access to the same information as the manager. We
explicitly rule out conflicts of interest between managers and different classes
of investors that are important in many areas of the literature. We also abstract
from compensation contracts that could give rise to intrinsic value maximiza-
tion as a managerial goal.12 By choosing this simple objective function, we
generate our main results in closed form and show that strategic managerial
behavior is not essential to obtaining announcement effects.

The manager chooses among operating policies Q and investment policies D
to maximize intrinsic value

Vt ≡ max
Q ,D

Ê
{∫ ∞

t
e−r(s−t)[(Ps Qs − Fs) ds − λDs] |Ft

}
. (4)

Using standard arguments, one can easily verify that Vt is a function of
(Xt, Yt, Kt, θ ). It is therefore useful to define for capital level indices i ∈ {0, 1}
and firm types θ ∈ {b, g} functions Viθ (Xt, Yt) that explicitly recognize this
dependence.

We now solve for V and determine optimal policies. To choose output con-
ditional on the capital level, observe that operating revenue is QP(Q) = XQγ ,

11 To interpret our theory most generally, think of our beta as measuring exposure to M, where
M simply captures the priced risk in X; it need not be “the market.”

12 It would be straightforward to give the manager a contract that would make this behavior
optimal by imposing penalties for outcomes that appear inconsistent with intrinsic value maxi-
mization (e.g., Dybvig and Zender (1991)). We expect that the economics driving our results would
still have first-order importance if managerial objectives were more generally specified. Separating
equilibria, qualitatively similar to the one studied here, commonly arise in these settings.
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which is increasing in Q. The firm thus produces at full capacity, denoted by
qi = Q(κi), i = 0, 1.

Mature firms (Kt = κ1) of either type θ ∈ {b, g} are identical, and valuation re-
quires only that we discount operating profits under the risk-neutral measure.
This gives V1θ (X t , Yt) = Ê{∫ ∞

0 e−rs(X t+sq
γ

1 − f1) ds |Ft}, or

V1b(X t , Yt) = V1g (X t , Yt) = X t
qγ

1

δ
− f1

r
. (5)

Mature firm value is thus the present value of a risky, growing perpetuity
(revenues), less the present value of a riskless perpetuity (costs).13

Prior to maturity, firms hold one real option to expand, and optimal invest-
ment is characterized by the demand level at which expansion occurs. Let xb
and xg, respectively, denote the values of Xt at which types b and g invest, and
define stopping times τθ ≡ inf{t : X t ≥ xθ }. Using backward recursion, we prove
the following proposition in the Appendix.

PROPOSITION 1: For θ ∈ {b, g}, the optimal investment strategy is

xθ = εθ

δνθ

qγ

1 − qγ

0
, (6)

where xb < xg. The firm’s intrinsic value prior to investment is

V0θ

(
X t , Yt

) = X t
qγ

0

δ
− f0

r
+

(
X t

xθ

)νθ

εθ

(
1 − Yt

)
, (7)

where expressions for εθ and νb > νg > 1 are in the Appendix.

The first result in Proposition 1 is that type-b firms invest earlier than type-g
firms. By waiting to invest, a firm forgoes current profits, but retains its timing
option. For type b, waiting is less valuable because the growth opportunity may
disappear. The manager of firm b thus optimally invests at a lower demand
level.

The valuation equation (7) has three components. The first two give the value
of assets in place, similar to the mature firm value (5), and are independent
of firm type. The final term is the value of growth options. The quantity εθ

gives the incremental value of firm expansion when it is undertaken, and 1 −
Yt cancels out the entire term if preemption occurs. Option value increases in
Xt/xθ , which measures the closeness of demand to the exercise boundary, and
νθ relates to convexity. To understand why νb > νg, think of ( X t

xθ
)νθ as a discount

factor for εθ , and note that firm-b option value is discounted more heavily due
to the higher probability of preemption.

Figure 1 depicts the intrinsic value of the firm for each type and for different
values of the state variable Xt. We choose as parameter values for this figure a
specification that is found in Section III to provide a reasonable approximation

13 Substitute δ = μM − μX to recognize the Gordon growth formula.
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Figure 1. Intrinsic values. This figure depicts the relationships between the state variable Xt
and intrinsic values Viθ , i = 0, 1, θ ∈ {b, g}.

of various empirical moments. The figure shows that mature firm value is linear
in X. The growth option makes pre-SEO intrinsic values convex in X; and the
degree of convexity is determined by model parameters.

C. Bayesian Learning and the Dynamics of Investor Beliefs

Investors have incomplete information about firm type but learn over time by
observing the actions of the firm and other variables in their information set.
Specifically, at time t = 0, investors begin with prior belief 
0 ∈ (0, 1) that firm
type θ is equal to g. At any instant t ≥ 0, investors have access to public firm
history Ht = (Xs, Ys, Ks, s)s≤t, which is a random vector. It is useful to define the
information partition Ht , which is the σ -algebra generated by Ht. We note that
Ht is itself a filtration satisfyingHt ⊆ Ft , which corresponds to investors having
a coarser information set than managers. Using the firm history, investors
generate updated beliefs about type:


t ≡ P(θ = g |Ht). (8)

We then show Proposition 2 in the Appendix.
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PROPOSITION 2: At any time t, investor beliefs are


t =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
0 if (t ≥ τb and Dτb = 1) or Yt = 1

1 if (t ≥ τb and Dτb = 0)


0


0 + (1 − 
0)e−ρt otherwise.

(9)

The intuition for this result is straightforward. If demand passed the invest-
ment threshold at τ b ≤ t and the firm issued equity, then investors know that
the firm type is b. Investors reach the same conclusion if the firm loses its
growth opportunity prior to t. On the other hand, if at τ b ≤ t the firm did not
invest, then investors infer that the type is g. Finally, if none of these events
occurs, uncertainty remains and investors revise their beliefs monotonically
upward. This is because as time passes without the firm losing its growth op-
tion, investors become more confident that the type is g. In other words, “no
news is good news.”

We can also use recursive updating to describe the dynamic path of investor
beliefs. This is formalized in Proposition 3.

PROPOSITION 3: Revisions to beliefs follow

d
t = ρ
t(1 − 
t) dt − 
t dYt + (1 − Dt − 
t)1{t=τb}. (10)

The first term is the “no news is good news” effect related to the passage of
time. The second term shows that if the firm loses its growth options, then

t = 0. The third term specifies that when demand reaches the investment
threshold xb, beliefs jump to zero if investment occurs or to one otherwise.

Equation (10) provides a link to the conditional event studies literature. Pre-
vious authors such as Acharya (1988, 1993), Eckbo et al. (1990), and Prabhala
(1997) make the important point that conditioning information about the like-
lihood of an event (or nonevent) can be useful to empirical researchers. In these
studies, conditional expectations are typically formed only for the snapshot in
time over which the event occurs. In contrast, we explicitly derive the evolution
of investor beliefs over the entire SEO episode, and our model of investor an-
ticipation is dynamically consistent. We thus extract information not only from
the cross-section of event and nonevent firms, but also from the time series of
returns around the event.

D. Market Value of the Firm and Expected Returns

Market value,

St ≡ E(Vt |Ht), (11)

is the expectation of intrinsic value conditioned on public information. One can
verify that market value is a function of state variables (Xt, Yt, Kt) and current
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beliefs 
t. We recognize this dependence by defining for each capital level index
i = 0, 1, a market value function Si(Xt, Yt, 
t). We then show that Proposition 4
holds.

PROPOSITION 4: Market value

Si(X t , Yt , 
t) = 
t Vig (X t , Yt) + (1 − 
t)Vib(X t , Yt) (12)

is a belief-weighted average of intrinsic values.

If the firm has invested or lost its growth option, then firm type is known and
market value equals the appropriate intrinsic value. Otherwise, market value
is strictly between the two intrinsic values.

We calculate asset betas using replicating portfolios composed of the risky
asset M and riskless bond B. Define V G

θ (X t , Yt) = (X t/xθ )νθ εθ (1 − Yt) as the
value of growth options, and VF

i = fi/r, where i = 0, 1, as the present value
of fixed costs. We first derive the intrinsic beta, defined as the covariance of
percent change in intrinsic value with percent change in M, divided by the
variance of M. We then calculate the market beta, which as usual measures
the covariance of observed market returns. It is easy to verify that for either
measure, beta is given by the percentage of the replicating portfolio invested in
M. Following this logic, we prove Proposition 5 in the Appendix.

PROPOSITION 5: Intrinsic betas are

βiθt = 1 + V F
i

Vθ

+ V G
θ

Vθ

(νθ − 1) (13)

for θ ∈ {g, b} and i = 0, 1. Market beta depends on investors’ perceptions of firm
type according to

βi(X t , Yt , 
t) = ωitβi gt + (1 − ωit)βibt , (14)

where the state-dependent weights 0 ≤ ωit ≤ 1 are

ωit(X t , Yt , 
t) = 
t Vig (X t , Yt)

t Vig (X t , Yt) + (1 − 
t)Vib(X t , Yt)

. (15)

The intrinsic beta contains three terms. The first is the revenue beta, which we
previously normalized to one by assuming that the demand state variable X and
the pricing instrument M have identical diffusions.14 The second term accounts
for operating leverage, driven by fixed costs associated with plant size. The third
term is linear in the fraction of firm value contributed by growth options, and
depends on firm type. The market beta is simply a value-weighted average of

14 This normalization is without loss of generality. To account for revenue betas other than one,
the intrinsic beta would be adjusted proportionately.
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the intrinsic betas. This follows the logic of Proposition 4, which shows that
market value is a belief-weighted average of intrinsic values. Note that market
beta stochastically evolves, driven by (1) underlying product market demand,
(2) exogenous loss of growth options, (3) optimally timed investment, and (4)
rationally updated investor beliefs.

II. Implications for SEO Event Studies
and Long-Run Performance

We now characterize the SEO episode features implied by the model in
Section I. Our analysis focuses on the price run-up, the announcement effect,
and post-issuance changes in risk for SEO firms and their matches.

A. Selection Bias and Pre-issuance Price Run-Up

Selection bias in financial settings has been extensively studied (e.g., Brown
et al. (1995)). In our model, equity issuance enables new investment, and oc-
curs after a sequence of positive shocks in the product market. Selection bias
should thus significantly impact pre-SEO returns. Although the mechanism
is different, the consequence is similar to that of Lucas and McDonald (1990),
wherein managers undertake investment only when equity is overpriced, which
also typically occurs after a sequence of positive returns. These types of price
run-ups are not, however, a necessary implication of a real options model of
investment. For example, in the Berk et al. (1999) model with constant risk-
less rates, there is no such effect because investment opportunities arrive in an
identically and independently distributed (i.i.d.) fashion, and must be accepted
or declined immediately.

To analyze the pre-SEO price run-up, we calculate the distribution of the state
variable Xt prior to τ θ , the first arrival of X at the optimal exercise boundary
xθ . We prove Proposition 6 in the Appendix.

PROPOSITION 6: The conditional density of the state variable, Xt, t < τθ , is

P(ln X t | s = τθ − t > 0) =
(ln xθ − ln X t)φ

(
ln X t ; ln xθ − μs, σ

√
s
2

)
μs�

( √
2s

μ

σ

)
+ σ 2s

2
φ

(
0; −μs, σ

√
s
2

) , (16)

where the support of the distribution is Xt < xθ , the function �(·) is the standard
normal CDF, the function �(·) is the normal PDF, and μ = μX − 1

2σ 2 adjusts the
drift for Jensen’s inequality.

The conditional distribution of Xt is bounded above by xθ due to selection
bias from conditioning on the SEO event. In addition, the conditional mean
decreases with the amount of time s that one looks backward. The formula
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allows us to calculate in closed form expected values of an issuing firm at any
date prior to issuance. Recognizing that realized returns consist of capital gains
and dividends, we can calculate the capital gains in closed form. To fully char-
acterize conditional expected returns, we must numerically integrate path-by-
path over realizations of the state variable X and accumulate dividends. We
defer this exercise in Section III, which examines simulation-based analysis of
the model.

B. SEO Announcement Effects

Announcement effects associated with SEOs have been widely studied, and
the average abnormal return is about −2%.15 The traditional explanation for
this finding is that of adverse selection, whereby issuing firms reveal that their
intrinsic value is lower than the market value. These ideas were first devel-
oped in a static setting by Myers and Majluf (1984), and extended to a dynamic
setting by Lucas and McDonald (1990). In this early literature the market
immediately and fully incorporates the information content of the announce-
ment and shares are issued at fair value. More recently, however, Loughran
and Ritter (1995) and others have argued that the market price does not
fully react to the announcement of an SEO, thereby allowing managers to is-
sue overvalued equity and thus leaving a window of opportunity for firms to
exploit.

Similarly, announcement effects in our model derive from the release of
negative information. We achieve this, however, while assuming that in-
vestors fully incorporate the information contained in firm decisions, and
that managers choose investment and equity issuance to maximize intrinsic
value.

To calculate announcement effects in our model, define the decision-censored
history H∗

t ≡ ([Xs, Ys, s]s≤t, [Ks]s<t), which includes everything normally avail-
able in Ht except the current capital level. With this information set, in-
vestors cannot generally infer the investment decision Dt. We then define

∗

t ≡ E(
t | H∗
t ) and S∗

t ≡ E(St | H∗
t ), which are decision-censored beliefs and

market prices, respectively.
The announcement effect is the percentage price change explained by the

date-t SEO decision, that is,

ANt
(
Dt

) ≡ St − S∗
t

S∗
t

. (17)

We prove Proposition 7 in the Appendix.

15 For early evidence see Asquith and Mullins (1986), Masulis and Korwar (1986), and Mikkelsen
and Partch (1986). Eckbo and Masulis (1995) and Ritter (2003) conveniently summarize more recent
work.
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PROPOSITION 7: Announcement effects are

ANt
(
Dt

) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

−
∗
t


∗
t +

(
V0g (xb)
V0b(xb)

− 1
)−1

< 0 if t = τb, Yt = 0, and Dt = 1

1 − 
∗
t


∗
t +

(
V0g (xb)
V0b(xb)

− 1
)−1

> 0 if t = τb, Yt = 0, and Dt = 0

0 otherwise.

(18)

This result is intuitive and relates to the belief dynamics (10). Since xb < xg,
the only time that the SEO decision resolves uncertainty about firm type is
when demand reaches xb whereas the growth option is still alive. The market
then learns that firm type is b if the firm issues equity, or g if it does not. The
change in beliefs causes a discrete jump in firm value, which is positive for type
g and negative for type b. Announcement effects are proportional to the change
in beliefs, and their magnitude increases with the difference in intrinsic values.
Similar to Eckbo et al. (1990), not issuing can be as informative as issuing.

At any time other than t = τ b, announcement effects are zero because SEO
decisions are predictable. This is particularly true when type-g firms invest
at τ g because investors learn type with certainty at τb < τg. In data generated
by our model, an SEO sample would consist of both type-b firms that issue
with negative announcement effects and type-g firms with no announcement
effects. The average depends on the composition of the sample, and must be
negative.

C. Matching and Long-Run SEO Underperformance

The decision of whether to issue equity and increase scale has important
consequences for (1) intrinsic risk of the firm’s operations, (2) investor beliefs
about risk, (3) expectations of long-run stock returns, and (4) stock returns
relative to size and book-to-market matches. We can analyze each of these
explicitly in our model.

C.1. Changes in Risk and Expected Return

The previous literature recognizes that stock issuance decreases financial
leverage, mechanically reducing risk as in Hamada (1972).16 We model an
all-equity firm, so none of our effects are driven by this purely financial

16 Empirical researchers have tested the implications of Hamada (1972) for seasoned equity
offerings. Healy and Palepu (1990) find increases in risk subsequent to issuance. Denis and Kadlec
(1994) argue that this result is caused by differential liquidity and corresponding beta estimation
biases in the pre- and post-SEO periods. After correcting for this effect, they document a post-
issuance decrease in risk.
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explanation. Indeed, in our setting, the investment associated with SEOs causes
a more fundamental change in total firm, rather than equity risk.

Denote the intrinsic beta change at equity issuance by �βθt ≡ β1θt − β0θt. We
show Proposition 8.

PROPOSITION 8: When a firm of type θ announces at time t = τθ new financing for
a scale increase, the intrinsic beta of the firm changes discretely by

�βθt = −λ

V0θ (xθ , 0)

[
1 + f1/r

V1θ (xθ , 0)

]
< 0. (19)

We first analyze this formula when there is no operating leverage, that is,
f 1 = 0. The reduction in systematic risk then equals SEO proceeds λ as a pro-
portion of firm value. The larger this proportion, the greater the drop in beta.
To further illuminate this effect, rewrite the exercise price to firm value ratio
as λ/V0θ (xθ , 0) = (V G

θ /Vθ )(νθ − 1). This is the proportion VG
θ /Vθ of firm value

in growth options multiplied by the beta differential νθ − 1 of growth options
relative to assets in place. When new equity is issued, the systematic risk of
this portion of firm value falls from νθ to 1.

When f 1 > 0, so that operating leverage is present in the mature firm, an
additional term strengthens this effect. This may seem surprising, since oper-
ating leverage causes cash flows to have higher risk. What we are measuring,
however, is the change in risk due to exercising a growth option. Even if fixed
costs are very high, so that the expanded plant is extremely risky, it is still the
case that an option on those assets is riskier than the assets themselves. Thus,
substituting assets in place for a growth option reduce firm risk.

C.2. Matching and Long-Run Stock Returns

Finance researchers have been guided by empirical regularities and common
sense in developing matching methodologies for long-horizon event studies. We
now analyze how these matching procedures behave in our environment.

We define an ideal match for an SEO firm as a nonissuing firm whose entire
history, except the issuing decision, is identical. In our environment, an ideal
match often does not exist. In fact, the only case in which the ideal matching
set is nonempty is when t = τ b and Yt = 0. In this case, the ideal match has
identical size, book-to-market, and investor perception of type just prior to t,
but does not invest. The decision separates types: b invests while g does not.
We can then show Proposition 9.

PROPOSITION 9: When t = τ b and Yt = 0, an investing firm and its ideal match
have a post-announcement difference in market beta quantified by

�βideal = f1

r

(
1

V1b(xb, 0)
− a

V0g (xb, 0)

)
−

aλ + (1 − a)
f0

r
V0g (xb, 0)

, (20)

where a = ( xb
xg

)νg < 1.
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Thus, even when the empirical researcher has access to the closest match
possible, there is still a post-announcement difference in risk due purely to the
issuance decision.

Empirical researchers use coarser information, and we focus now on pre-
issuance size and book-to-market matching.17 When t = τ b and Yt = 0, we find
two types of firms that are potential matches. For one group, the demand state
variable has not yet reached xb, so type uncertainty remains. Matches from this
group have a lower current demand state variable Xt, and in order to achieve the
same pre-issuance market value as the issuing firm, must have a probability of
being type g that is larger than 
∗

t , the pre-issuance beliefs about the SEO firm.
The second group has no residual type uncertainty because it has previously
lost its growth option, and compensates in value by having a higher level of the
demand state variable Xt. Because we know that market beta is a function of
all these variables, we expect systematic risk to be different for the matched
sample.

Figure 2 shows further the changes in firm risk upon issuance, and the dif-
ference in risk between SEO firms and their matches. Here, β∗ is the beta of
the issuing firm, determined by a weighted average of the intrinsic betas of the
two types. When an SEO occurs at time τ b, risk decreases as a result of real
option exercise. Relative to its ideal match, the post-issuance beta of the SEO
firm is lower by the amount �β ideal.

III. Replicating Observed SEO Return Dynamics

In this section, we demonstrate that a reasonable parameterization of our
model captures the pre-SEO price run-up, the negative announcement return,
and the post-SEO underperformance that have been extensively documented
in the previous literature. These empirical regularities have motivated behav-
ioral explanations such as the windows of opportunity theory. Our calibration
shows that these findings are also consistent with a fully rational, dynamically
consistent model of SEO decisions.

The specific moments we seek to match are taken from the recent survey by
Ritter (2003). These are: (1) for the SEO sample an average return of 72% in the
year prior to issuance; (2) an SEO announcement effect of −2%; (3) 5-year post-
SEO average annualized returns of 11.3%; and (4) average 5-year annualized
returns for size and book-to-market matches of 14.7%.

In replicating these moments, we impose the restriction f0 = f1 = 0.
Carlson et al. (2004) emphasize the role of fixed costs in generating realistic
size and book-to-market effects, so eliminating these components might seem
to endanger the goal of obtaining a reasonable cross-section for matching. We
find, however, that even with these restrictions, the current model has sufficient

17 Loughran and Ritter (1995) match on pre-issuance size, while Eckbo et al. (2000) match to
pre-issuance size and book-to-market. This is consistent with the general methodology advocated
by Barber and Lyon (1997).
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Figure 2. Systematic risk of seasoned equity offering (SEO) firms and their matches.
This figure shows the relationship between the state variable Xt and the intrinsic betas. Intrinsic
betas for type-b firms decrease by the amount �βb when an SEO is announced. Relative to the
ideal match, the beta of SEO firms is lower by the amount �βideal. The value β∗ represents the
riskiness of a firm just prior to the SEO decision. This value must be between the intrinsic betas.

heterogeneity to capture return dynamics around seasoned offerings.18 We are
thus able to focus greater attention on the other parameters in the model.
For a more elaborate analysis that emphasizes additional moments such as
accounting performance, the parameters f0 and f1 could play a more central
role.

Without fixed costs, firm values are homogeneous in q0, and we normalize to
q0 = 1. The parameters κ0 and κ1 also are not identified by return moments,
and we specify their difference as λ = κ1 − κ0. When fixed costs are zero and
with the weak condition that the distribution P(X 0/xb) is independent of λ,

18 In Carlson et al. (2004), operating leverage provides one of two sources of firm heterogeneity,
along with the ratio of growth options to assets in place. At least two sources of heterogeneity are
necessary to have separate size and book-to-market effects. Our model has an additional source of
heterogeneity due to beliefs about firm type. Thus, even without fixed costs, there are two distinct
sources of risk that generate separate size and book-to-market effects, which is sufficient for the
matching we seek to implement.
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firm value is proportional to λ and hence λ does not affect returns.19 Finally,
the demand elasticity γ does not appear central to either our economic intuition
or the quantitative matching of the moments above; we choose γ = 0.5.

The parameters r, σ , and μM can be related to long-run averages from finan-
cial data. We set r to 0.04 annually, consistent with time series averages of T-bill
rates. The parameter σ is set to 0.20, consistent with market portfolio return
volatility. Finally, in the absence of fixed costs, setting the drift μM to log (1 +
0.113) gives a risk premium of about 7% and matches the post-event returns of
SEO firms reported by Ritter.20

We use the simulated method of moments to estimate the three remaining
parameters, namely, the demand growth rate μX , the preemption intensity ρ,
and the post-SEO output rate q1. Since we use post-event returns of SEO firms
to calibrate μM, three moments remain (run-up, announcement, and post-event
matched firm returns), and the model is exactly identified.

The basic idea of the estimation procedure is as follows: Given any set of
the parameters (μX , ρ , q1), we simulate a large cross-section of firms with a
period of “burn-in” to randomize the initial draws, and then record returns for
T = 7 ∗ 252 days. We choose as sample firms those that have an SEO in their
second year of observation (to ensure 1 (5) years of returns prior (subsequent)
to issuance). For each sample firm, we find the closest non-SEO size and book
match on the SEO date and place these in a control group. We continue this pro-
cedure until we arrive at N = 3000 sample and control firms, arranged in event
time. Our objective is to minimize the distance between the mean-simulated
moments and those in the empirical data, after iterating over parameter val-
ues. Further details on the simulation, estimation, and matching algorithms
are in the Appendix.

Table I summarizes our results. Panel A shows empirical values of the four
primary return moments. For the run-up, we report the average return in excess
of the risk-free rate for SEO firms in the year prior to issuance, which is 68%.
The event return of −2% is in excess of the average daily market return. Finally,
the post-event returns are 5-year buy-and-hold net returns for issuers (70.9%)
and their size and book-to-market matches (98.5%).

A broad range of parameter estimates generates close matches to the data.
Rather than rely strictly on an arbitrary weighting function to provide one
“best” set of parameter estimates, we instead use the search algorithm de-
scribed in the Appendix to identify an area of the parameter space with good

19 To see this, denote ξθ = X0/xθ and ϕt = Xt/X0 and write Xt = xθ ξθϕt. Substitute into equation (7)
to see that intrinsic values are proportional to xθ , which is in turn proportional to λ. Note also the
economic meaning of the assumption that P(X 0/xb) is independent of λ: For different λ, the initial
distribution of log X0 must shift so that the distribution of stopping times to arrive at the critical
investment level xb remains unchanged. Without a shift, this property approximately holds when
log X0 is drawn from a diffuse distribution (e.g., a uniform with large support or normal with large
variance).

20 This assumption is consistent with an interpretation that M represents the “market portfolio,”
or with our (weaker) explicit assumption that M captures the priced risk of the state variable X,
and has a beta of one.
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Table I
SMM Calibration Results

This table gives calibration results for our model of returns for sample firms and matches through-
out the Seasoned Equity Offering (SEO) episode. Panel A gives the empirical moments for run-
up, announcement effects, and long-run returns for sample firms and matches reported in Ritter
(2003). Panel B gives parameters and simulated moments from our primary calibration. All sim-
ulated means are close to the empirical moments in Panel A. In parentheses below, we report the
standard error of the simulation mean relative to the true model expected value, demonstrating
that simulation error is small with the sample of 3,000 sample firms and matches. Panel C varies
each of the three parameters above and below the primary calibration values to demonstrate com-
parative statics. Panel D conducts scenario analysis, in which all three parameters are varied
simultaneously.

Moments

Parameters Post-Event

μX ρ q1 Run-Up Event Issuers Matches

Panel A: Empirical Moments

0.68 −0.02 0.709 0.985

Panel B: Primary Calibration

0.075 0.2 4.0 0.4905 −0.0219 0.7151 0.9798
(0.0052) (0.0005) (0.015) (0.0229)

Panel C: Sensitivity Analysis

0.0717 0.2 4.0 0.509 −0.0115 0.7116 1.0319
(0.0052) (0.0005) (0.0152) (0.0244)

0.0783 0.2 4.0 0.4596 −0.0343 0.7059 0.8947
(0.005) (0.0005) (0.0148) (0.0209)

0.075 0.1556 4.0 0.494 −0.013 0.7122 0.9962
(0.0051) (0.0005) (0.0151) (0.0241)

0.075 0.2667 4.0 0.4843 −0.0327 0.7088 0.9195
(0.0052) (0.0006) (0.0147) (0.0214)

0.075 0.2 3.11 0.468 −0.0144 0.7151 0.9269
(0.0049) (0.0004) (0.015) (0.021)

0.075 0.2 4.89 0.5086 −0.0278 0.7151 0.952
(0.0054) (0.0006) (0.015) (0.023)

Panel D: Scenario Analysis

0.0739 0.1778 4.89 0.5191 −0.019 0.7084 1.0042
(0.0054) (0.0005) (0.0151) (0.0244)

0.0717 0.2889 3.33 0.4958 −0.0177 0.7146 0.9491
(0.0052) (0.0005) (0.0149) (0.0216)

0.0783 0.1333 4.67 0.4829 −0.0219 0.7153 0.9552
(0.0052) (0.0005) (0.015) (0.0219)

0.0717 0.2889 3.33 0.4958 −0.0177 0.7146 0.9491
(0.0052) (0.0005) (0.0149) (0.0216)

0.095 0.2 4.0 0.3631 −0.1149 0.7258 0.7464
(0.0036) (0.0003) (0.0152) (0.017)

0.0717 0.1333 4.0 0.5113 0.0003 0.711 1.1093
(0.0051) (0.0004) (0.0152) (0.0257)
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and roughly equivalent results. We then report several sets of estimates from
this area that appear economically interesting. This approach allows us to fur-
ther explore the model through comparative statics and scenario analysis.

Panel B gives results for our primary calibration, which is a vector of round-
number parameter values roughly in the middle of the area with closely match-
ing moments. The reported demand growth rate μX is 7.5% per year, about
halfway between the risk-free rate of 4% and the expected return on equity
of 11.3%. The arrival intensity ρ that controls growth option loss is 20% per
year. This implies that the average half-life for loss of a growth option is about
3.5 years. The output level for firms that have exercised their growth op-
tions is 4.0. This implies that growth option value is large relative to assets
in place, consistent with the idea that SEO firms are generally small growth
firms (see, e.g., Brav et al. (2000)). With these parameter values, the 1-year
run-up in excess of the risk-free rate is approximately 49%. This is lower than
the 68% reported by Loughran and Ritter (1995), but higher than the 47%
2-year cumulative abnormal return reported by Lucas and McDonald (1990)
and Koraczyk et al. (1990). The 1-day event return of −2.19% is close to the
value reported by Ritter (2003). Finally, the post-event buy-and-hold returns of
71.5% for issuers and 98.0% for matches are good approximations of the em-
pirical moments. In parentheses we report simulation errors, which are small
and show that N = 3000 independent sample firms and matches are suffi-
cient to estimate the true model moments with good precision. We thus find
that the primary calibration accurately replicates the main features of the em-
pirical run-up, announcement effect, and post-event returns for issuers and
matches.

In Panel C, we conduct a sensitivity analysis of our results. By differentiat-
ing νθ with respect to μX , one can verify that increases in the growth rate of
demand make the growth option less risky. When μX is larger, pre-event SEO
firms and post-event matches have smaller returns because the growth options
that both possess are less risky. We also see that when μX increases, the an-
nouncement return is more negative. This is because higher demand growth
causes firms to defer investment longer, so the wedge between intrinsic values
is larger.21 Increasing ρ raises the risk of the growth option, but decreases the
value of growth options relative to assets in place. In the parameter region we
consider, the latter effect dominates and the beta of pre-SEO firms decreases
in ρ. When ρ increases, the announcement effect is also more negative, again
because the difference between intrinsic values is larger. Finally, raising q1 in-
creases the magnitude of all effects because growth options are proportionately
more important.

In Panel D, we present a scenario analysis, which permits variations in all
three parameters away from the primary calibration. The first four scenarios
demonstrate that a variety of different parameters can generate similar results

21 Alternatively, consider firms with very negative growth. Here, even type-g firms will invest
very soon after the project Net Present Value is positive, and the wedge between the policies of
type-b and type-g firms is small.
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Figure 3. Size and book-to-market portfolio returns. This figure shows that our real options
model captures important features of the seasoned equity offering (SEO) episode as documented in
the empirical literature: pre-SEO price run-up, an event window negative announcement effect, and
post-event underperformance relative to size and book-to-market matches. Panel A shows buy-and-
hold abnormal returns, where different benchmarks are used in each subperiod reflecting common
practice. In the post-announcement period, we calculate sample firm returns relative to size and
book-to-market matches. The announcement day return is relative to the expected market return.
The pre-announcement return is relative to the risk-free rate, consistent with our calibration.
Panel B shows relative wealth, defined as the ratio of wealth from the buy-and-hold strategy in the
sample firms relative to the benchmarks.
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for the simulated moments. The last two show that the model is also flexible
in being able to produce large or small values of run-up, announcement effects,
and underperformance.

We depict the return implications of our model in Figure 3, using parameters
from the primary calibration. Panel A shows buy-and-hold abnormal returns
over the entire SEO episode from year −1 to +5 in event time. Consistent with
empirical practice, we report returns relative to a different control portfolio
during each period. For post-event returns we form zero-cost portfolios on the
event date that are long $1 in SEO firms and short $1 in their matches. The
abnormal return on the event date is measured relative to the market, as is
standard practice. Because there is no standard benchmark during the run-up
(in fact, run-ups are commonly reported in raw terms), we measure relative
to the risk-free rate.22 Figure 3 highlights that the facts motivating the win-
dows of opportunity explanation are consistent with a purely rational real op-
tions theory, even to the extent of matching quantitative as well as qualitative
characteristics.

IV. Conclusion

We develop a model of seasoned equity offerings that leads naturally to a
pre-issuance price run-up, a negative average announcement effect, and post-
issuance underperformance of SEO firms relative to size and book-to-market
matches. The previous literature has largely concluded that these features must
be indicative of cognitive biases or persistent mispricing. We instead use a real
options framework with rational expectations and dynamically consistent cor-
porate decisions. This provides a close match to the primary empirical moments.

Our work is part of a growing literature that recognizes the importance of op-
timal dynamic behavior in explaining apparently anomalous financial phenom-
ena. Other important contributions explain IPO waves (Pastor and Veronesi
(2005)), optimal capital structure (Hennessy and Whited (2005)), cash flow
constraints and investment (Gomes, Yaron, and Zhang (2004)), and the diver-
sification discount (Gomes and Livdan (2004)). Our model is also specific to
one particular corporate decision, but we focus attention on the issues relevant
to traditional and long-run event studies in many environments. We hope to
motivate future empirical research to consider more carefully the null hypoth-
esis of how returns should behave around corporate decisions. It is apparent
to us that for many well-studied corporate activities, the traditional view of
a constant mean return may be difficult to justify. We thus view our work in
the SEO setting as the first step toward a structural approach to event stud-
ies, which is one natural way to address the concerns that arise in dynamic
environments.

22 Benchmarking to the market, which would seem natural because it captures the risk premium,
introduces an additional challenge because market returns are correlated with firm returns. There
is also a selection bias for market returns in the pre-event period.
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Appendix

Proof of Proposition 1: The first term in equation (7) is the present value of
the future stream of revenues from assets in place. The expression follows from
the permanent nature of demand state variable shocks and from the optimal
production policy (i.e., production at full capacity). The second term represents
the present value of fixed costs.

The final term is the value of the firm’s growth option and is derived as
follows: Because τY has exponential distribution, Yt has the property that
Êt(Yt+s | Yt = 0) = e−ρs. Firms invest to maximize the value of the growth op-
tion. Let NPV(X t) = (qγ

1 − qγ

0
δ

)X t − f1 − f0 + λr
r denote growth option value if imme-

diately exercised, conditional on Yt = 0. The objective is

max
s

Ê
[
(1 − Yt+s)e−rsNPV(X t+s) |Ft

]
. (A1)

The independence of Yt and Xt allows us to first condition on Yt, leading to the
objective

max
s

Êt
[
e−(r+ρ)sNPV(X t+s) |Ft

]
. (A2)

The possibility of preemption is thus mathematically equivalent to a higher
riskless interest rate.

Carlson et al. (2004) show that the objective is maximized by a policy in which
investment is undertaken when the state variable Xt first achieves a critical
level x. It is shown there that x has the form described in the proposition,

with ε = f1 − f0 + λr
(ν − 1)r and ν =

√
( 1

2 − r − δ

σ 2 )2 + 2(r + ρ)
σ 2 + 1

2 − r − δ

σ 2 > 1. The value of the

growth option is V G(X t , Yt) = ( X t
x )νε(1 − Yt).

Type-b and type-g firms differ with respect to the value ρ. We consider the
special case in which ρg = 0 and ρb = ρ. Direct inspection verifies that νb > νg
and εb < εg. To see that xb < xg, differentiate x with respect to ρ, and note that

−1
(ν−1)2 < 0 implies d x

dρ
< 0. Q.E.D.

Proof of Proposition 2: The probability that a firm is of type g is determined
by Bayes’s rule, that is


t = P(θ = g , Yt = 0 |Ht)
P(g , Yt = 0 |Ht) + P(b, Yt = 0 |Ht)

. (A3)

Simple calculations give the result in the proposition. Q.E.D.

Proof of Proposition 4: This follows immediately from the definition of Si as
the expectation of Viθ , conditioned on the investor information set Ht . Q.E.D.

Proof of Proposition 5: For the derivation of the intrinsic betas in equation
(13) see Carlson et al. (2004). Equation (14) follows from the fact that firm beta
is the value-weighted average of the underlying intrinsic betas. Q.E.D.
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Proof of Proposition 6: We wish to determine P(ln X t | s = τθ − t > 0). In the
remainder of this Appendix, we suppress the subscript θ and define τ as the
first-hitting time of Xt at the level x.

If the distribution of ln X0 is normal and has high variance (i.e., diffuse), then
Haussmann and Pardoux (1986) show that for fixed T the time-reversed process
{ln XT−s : s ≥ 0, XT = x} is a Brownian motion with drift −μ. This implies that
ln XT−s is normally distributed with mean ln x − μs and variance σ 2s.

We apply Bayes’s rule to additionally condition on the fact that τ is a stopping
time. For any t = τ − s < τ ,

P(X t = z | X τ = x) = P(τ = t + s | X t = z)P(X t = z | X t+s = x)∫ x

−∞
P(τ = t + s | X t = z)P(X t = z | X t+s = x) dz

. (A4)

The following expression is given by Karlin and Taylor (1975, theorem 5.3):

P(τ = t + s | X t = z) = ln x − ln z

σ
√

2πs3
exp

[
− ln x − ln z − μs

2σ 2s

]
. (A5)

Combine this expression with the normal p.d.f. to see that the numerator of
(A4) is

1

σ
√

4πs3
(ln x − ln z)φ

(
ln z; ln x − μs, σ

√
s
2

)
, (A6)

where φ(·) denotes the normal p.d.f. The definite integral of this expression is
the denominator of equation (A4), and equals

1

σ
√

4πs3

[
μs�

(√
2s

μ

σ

)
+ σ 2s

2
φ

(
0; −μs, σ

√
s
2

)]
. (A7)

Equation (16) is the ratio of (A6) and (A7). Q.E.D.

Proof of Proposition 7: This follows from the definition of the announcement
effect as a function of conditional expectations. Q.E.D.

Proof of Proposition 8: We know that β1θτθ
= 1 + ( f1/r)/V1θ (xθ , 0) and one

can easily show that β0θτθ
= 1 + [λ + ( f0/r)]/V0θ (xθ , 0). Value matching requires

that V0θ (xθ , 0) = V1θ (xθ , 0) + λ. Simple algebra leads to the result. Q.E.D.

Proof of Proposition 9: This follows from defining �βideal ≡ β1bτb − β0gτb.
Q.E.D.

Calibration by Simulated Method of Moments

Denote the set of true model parameters by

θ0 = [μX , ρ , q1]. (A8)

This section describes our estimation procedure.
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For any candidate parameter vector θ , we use the following algorithm to
generate simulated data:

1. Compute optimal investment policies and firm value functions for this set
of parameters using the results in Section II.

2. Simulate Np independent firms following the state variable dynamics in
Section I at the daily level. We assume that initial beliefs about firm type
are drawn exogenously from a uniform distribution on [0.5, 0.8]. Firm type
is then drawn from a binomial distribution with probability of type g con-
sistent with the initial beliefs. The initial demand level X0 is drawn from a
uniform distribution with support extending from three annualized stan-
dard deviations below xb to xb. This focuses the simulation on firms most
likely to hit the investment region in a reasonable window of time. Select
firms that conduct SEOs in the second full year of observation. Record
their returns in event time, beginning 1 trading year prior to issuance and
ending 5 years after issuance. Repeat until Ns sample firms are recorded.
All sample firm returns are recorded in an event-time return matrix Rs of
size Ns × T, where T = 6 ∗ 252 + 1 is the number of trading days in our
observation period.

3. All firms that have not previously conducted an SEO are potential
matches. For each sample firm, we match to a firm with identical book
(since book is binary) and with the closest match on size (market capi-
talization) on the date of sample firm issuance. Consistent with common
empirical practice, a match is dropped if it conducts an SEO and replaced
with the next-closest match by the original criteria. This generates a ma-
trix Rm of matched-firm returns in event time. This matrix again has size
Ns × T.

4. Define a function h(Rmi, Rsi) of statistics computed for any sample firm i
and its match. In this study we focus on 1-year pre-event returns in excess
of the risk-free rate, 1-day announcement window returns of the sample
firms in excess of the expected market return, and 5-year buy-and-hold
returns for SEO matches. (Recall that the post-event returns for SEO firms
are used to calibrate μM.) Define the function H(θ ) = 1

Ns

∑
h(Rmi, Rsi) −

ĥ, where ĥ denotes the empirical estimates (from Ritter (2003)) of the
moments against which we calibrate.

5. For any positive-definite weighting matrix W, we can define an objective
function G[H(θ ), W] = H′WH. Minimizing G with respect to θ provides an
estimator θ̂SM M (W ) for the model. Following Cochrane (1996), we allow
W to be chosen by economic rather than statistical considerations. Specif-
ically, we choose W to be diagonal with weight one on post-event match
returns, weight 0.5 on the run-up, which is less often reported in the lit-
erature, and weight 10 on the announcement day return, because it is
measured much more precisely than the other moments.

The algorithm above focuses attention on one particular set of estimates that
optimize the objective function. Instead, we use a global search on a simplex
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and save iterations in the neighborhood of the minimized value of the objective
function. These are reported in Table I to give a more complete picture of the
comparative statics of our model and of the robustness of our results.

REFERENCES
Acharya, Sankarshan, 1988, A generalized econometric model and tests of a signalling hypothesis

with two discrete signals, Journal of Finance 43, 413–429.
Acharya, Sankarshan, 1993, Value of latent information: Alternative event study methods, Journal

of Finance 48, 363–385.
Anderson, Christopher, and Luis Garcia-Feijoo, 2006, Empirical evidence on capital investment,

growth options, and security returns, Journal of Finance 61, 171–194.
Asquith, Paul, and David Mullins, 1986, Equity issues and offering dilution, Journal of Financial

Economics 15, 61–89.
Baker, Malcolm, Richard Ruback, and Jeffrey Wurgler, 2005, Behavioral corporate finance: A sur-

vey, forthcoming in E. Eckbo, ed.: Handbook in Corporate Finance: Empirical Corporate Fi-
nance (Elsevier).

Baker, Malcolm, and Jeffrey Wurgler, 2002, Market timing and capital structure, Journal of
Finance 57, 1–32.

Barber, Brad M., and John D. Lyon, 1997, Detecting long-run abnormal stock returns: The empirical
power and specification of test statistics, Journal of Financial Economics 43, 341–372.

Bayless, Mark, and Susan Chaplinsky, 1996, Is there a window of opportunity for seasoned equity
issuance? Journal of Finance 51, 253–278.

Berk, Jonathan, Richard C. Green, and Vasant Naik, 1999, Optimal investment, growth options,
and security returns, Journal of Finance 54, 1553–1607.

Brav, Alon, Christopher Geczy, and Paul A. Gompers, 2000, Is the abnormal return following equity
issuances anomalous? Journal of Financial Economics 56, 209–249.

Brennan, Michael, and Eduardo Schwartz, 1985, Evaluating natural resource investments, Journal
of Business 58, 135–157.

Brown, Stephen J., William M. Goetzmann, and Stephen A. Ross, 1995, Survival, Journal of Finance
50, 853–873.

Carlson, Murray, Adlai Fisher, and Ron Giammarino, 2004, Corporate investment and asset price
dynamics: Implications for the cross-section of returns, Journal of Finance, 2577–2603.

Clarke, Jonathan, Craig Dunbar, and Kathleen M. Kahle, 2001, Long-run performance and in-
sider trading in completed and cancelled seasoned equity offerings, Journal of Financial and
Quantitative Analysis 36, 415–430.

Cochrane, John, 1996, A cross-sectional test of an investment-based asset pricing model, Journal
of Political Economy 104, 572–621.

Cooper, Ilan, 2006, Asset pricing implications of non-convex adjustment costs and irreversibility
of investment, Journal of Finance 61, 139–170.

Daniel, Kent, David Hirshleifer, and Avanidhar Subrahmanyam, 1998, Investor psychology and
security market under- and over-reactions, Journal of Finance 53, 1839–1886.

Denis, David J., and Gregory B. Kadlec, 1994, Corporate events, trading activity, and the estimation
of systematic risk: Evidence from equity offerings and share repurchases, Journal of Finance
49, 1787–1811.

Duffie, Darrell, 2001, Dynamic Asset Pricing Theory, 3rd ed. (Princeton University Press:
Princeton).

Dybvig, Philip, and Jaime Zender, 1991, Capital structure and dividend irrelevance with asymmet-
ric information, Review of Financial Studies 4, 201–219.

Eckbo, B. Espen, Vojislav Maksimovic, and Joseph Williams, 1990, Consistent estimation of cross-
sectional models in event studies, Review of Financial Studies 3, 343–365.

Eckbo, B. Espen, and Ronald Masulis, 1995, Seasoned equity offerings: A survey, in R. Jarrow
et al., eds.: Handbooks in Operations Research and Management Science (Elsevier).



1034 The Journal of Finance

Eckbo, B. Espen, Ronald Masulis, and Oyvind Norli, 2000, Seasoned public offerings: Resolution
of the “New Issues” puzzle, Journal of Financial Economics 56, 251–291.

Gomes, Joao, Leonid Kogan, and Lu Zhang, 2003, Equilibrium cross-section of returns, Journal of
Political Economy 111, 693–732.

Gomes, Joao, and Dmitry Livdan, 2004, Optimal diversification: Reconciling theory and evidence,
Journal of Finance 59, 507–535.

Gomes, Joao, Amir Yaron, and Lu Zhang, 2004, Asset pricing implications of firms’ financing con-
straints, Working Paper, University of Pennsylvania and University of Rochester.

Hamada, Robert S., 1972, The effect of the firm’s capital structure on the systematic risk of common
stocks, Journal of Finance 27, 435–452.

Haussmann, Ulrich G., and Etienne Pardoux, 1986, Time-reversal of diffusions, Annals of Proba-
bility 14, 1188–1205.

Healy, Paul, and Krishna Palepu, 1990, Earnings and risk changes surrounding primary stock
offers, Journal of Accounting Research 28, 45–48.

Hennessy, Christopher, and Toni Whited, 2005, Debt dynamics, Journal of Finance 60, 1129–1165.
Karlin, Samuel, and Howard M. Taylor, 1975, A First Course in Stochastic Processes, 2nd edn.

(Academic Press, San Diego).
Kogan, Leonid, 2004, Asset prices and real investment, Journal of Financial Economics 73, 411–

431.
Korajczyk, Robert, Deborah Lucas, and Robert L. McDonald, 1990, Understanding stock price

behavior around the time of equity issues, in R. G. Hubbard, ed.: Asymmetric Information,
Corporate Finance, and Investment (University of Chicago Press, Chicago).

Lamont, Owen, 2000, Investment plans and stock returns, Journal of Finance 55, 2719–2745.
Loughran, Tim, and Jay Ritter, 1995, The new issues puzzle, Journal of Finance 50, 23–51.
Loughran, Tim, and Jay Ritter, 1997, The operating performance of firms conducting seasoned

equity offerings, Journal of Finance 52, 1823–1850.
Lucas, Deborah, and Robert McDonald, 1990, Equity issues and stock price dynamics, Journal of

Finance 45, 1019–1043.
Masulis, Ronald, and Akosh Korwar, 1986, Seasoned equity offers: An empirical investigation,

Journal of Financial Economics 15, 91–118.
McDonald, Robert, and Daniel Siegel, 1985, Investment and the valuation of firms when there is

an option to shut down, International Economic Review 26, 331–349.
McDonald, Robert, and Daniel Siegel, 1986, The value of waiting to invest, Quarterly Journal of

Economics 101, 707–727.
Mikkelson, Wayne, and Megan Partch, 1986, Valuation effects of security offerings and the issuance

process, Journal of Financial Economics 15, 31–60.
Mitchell, Mark L., and Erik Stafford, 2000, Managerial decisions and long-term stock price perfor-

mance, Journal of Business 73, 287–329.
Myers, Stewart C., and Nicholas S. Majluf, 1984, Corporate financing and investment decisions

when firms have information investors do not have, Journal of Financial Economics 13, 187–
221.

Pastor, Lubos, and Pietro Veronesi, 2005, Rational IPO waves, Journal of Finance 60, 1713–1757.
Polk, Christopher, and Paolo Sapienza, 2004, The real effects of investor sentiment, Working Paper,

Northwestern University.
Prabhala, Nagpurnanand R., 1997, Conditional methods in event studies and an equilibrium jus-

tification for standard event study procedures, Review of Financial Studies 10, 1–38.
Ritter, Jay, 1991, The long-run performance of initial public offerings, Journal of Finance 46, 3–27.
Ritter, Jay, 2003, Investment banking and securities issuance, in G. Constantanides et al., eds.:

Handbook of the Economics of Finance (Elsevier Science).
Spiess, Katherine, and John Affleck-Graves, 1995, The long-run performance following seasoned

equity issues, Journal of Financial Economics 38, 243–267.
Titman, Sheridan, K. C. John Wei, and Feixue Xie, 2004, Capital investments and stock returns,

Journal of Financial and Quantitative Analysis 39, 677–700.
Zhang, Lu, 2004, Anomalies, Working Paper, University of Rochester.
Zhang, Lu, 2005, The value premium, Journal of Finance 60, 67–103.




