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Event studies often include cross-sectional regres-
sions of announcement effects on exogenous vari-
ables. If the event is voluntary and investors are
rational, then standard OLS and GLS estimators
are inconsistent. Consistent ML estimators are
constructed for a cross-sectional model of bori-
zontal mergers relating announcement effects to
exogenous characteristics of firms and industries.
The OLS and ML estimates differ dramatically for
bidders but not for targets. The evidence suggests
that managers of bidders, but not targets, bave
valuable private information about the potential
synergies from proposed mergers.

Many recent event studies include cross-sectional
regressions of announcement effects on exogenous
economic variables. Often, the estimated parameters
are used to test hypotheses about investors’ reactions
to prespecified corporate announcements. For exam-
ple, the Journal of Financial Economics (Vol. 15,
1986) contains several articles on the response of
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prices to announced debt and equity issues.! In these articles, abnor-
mal stock returns over two days surrounding announced recapitali-
zations are regressed cross-sectionally on such exogenous variables
as transaction costs and firm-specific risks. Similar cross-sectional
regressions appear in articles on dividends and stock repurchases,
the market for corporate control, as well as issues in industrial orga-
nization and the economics of deregulation.? If the explanatory vari-
ables are suggested by economic theory, then the common assump-
tion has been that the OLS and GLS estimates of the cross-sectional
parameters can be used to test theoretical predictions.

Unfortunately, the standard OLS and GLS estimators are inconsis-
tent. With voluntary corporate events, such as those cited above, eco-
nomically motivated managers can control the type, timing, or mag-
nitude of public announcements. Rational managers voluntarily initiate
an event only if it provides some personal or corporate benefit. Because
abnormal returns from announcements can occur only if corporate
insiders possess valuable private information not reflected in market
prices prior to the event, outside investors rationally use both the
announcement of a voluntary event and their knowledge of insiders’
incentives to infer private information. Specifically, outsiders infer
that insiders believe the event to have a positive net present value.
This inference truncates the residual term that measures the value of
inside information. If this truncation is ignored in cross-sectional
regressions, then estimators of cross-sectional coefficients are incon-
sistent.

Although econometric issues in estimating abnormal returns have
received considerable attention, the problem of truncated residuals
in cross-sectional regressions has largely been ignored in finance.?
Recent exceptions are Acharya (1988, 1989) and Lanen and Thompson
(1988). Acharya (1988) is the first application to event studies in
finance of consistent estimators from the literature on limited depen-
dent variables.? In his articles, Acharya focuses on consistent esti-
mators of time-series parameters from the sequential signaling equi-
librium of Harris and Raviv (1985). In Lanen and Thompson (1988)

! The articles are Asquith and Mullins (1986), Eckbo (1986), Masulis and Korwar (1986), and Mik-
kelson and Partch (1986).

2 Examples include Vermaelen (1984) on stock repurchases, and Asquith, Bruner, and Mullins
(1983), Eckbo (1985), and Smith, Bradley, and Jarrell (1986) on corporate control and industrial
organization.

3 Articles on econometric issues in event studies include partially anticipated events in Malatesta
and Thompson (1985); contemporaneously correlated returns in Schipper and Thompson (1983),
Thompson (1985), and Sefcik and Thompson (1986); and the relative power of simple versus
sophisticated statistical procedures for detecting abnormal returns in Brown and Warner (1980,
1985) and Malatesta (1986).

4 Examples of this literature are Hausman and Wise (1977) and Maddala (1983).
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plausible conditions are identified under which abnormal returns
during the event period are not monotonic in information that is
public prior to the event, even if the firm’s cash flows are monotonic
in that information. As a result, standard techniques for testing cross-
sectional models about corporate cash flows using data from capital
markets can yield incorrect inferences.

In this article, we also use results from the literature on limited
dependent variables to derive consistent estimators in event studies.
However, we focus on the coefficients of cross-sectional regressions
for an event that satisfies the maintained hypotheses in models of
limited dependent variables. These cross-sectional estimators mea-
sure the magnitude of abnormal stock returns around the announce-
ment of a voluntary economic event in the presence of truncation
bias. The estimators are then applied to a model of horizontal mergers.
The application has been selected for three reasons. First, mergers
are plausibly both discrete and nonrepetitive events, and corporate
insiders can reasonably be assumed to maximize their stock’s true
value, conditional on their private information, rather than its market
value, as determined by public information.> All three characteristics
are critical to models with limited dependent variables. Second, the
literature on industrial organization provides testable predictions about
the source of synergy from horizontal mergers. These predictions
motivate the exogenous variables included in the cross-sectional
regressions. Third, as in Eckbo (1985), the possibility of antitrust
intervention adds an interesting, tractable complexity that mandates
the nonlinear procedures advocated here. Specifically, the acquirer’s
proposal, the regulator’s reaction, and the court’s ruling can depend
on distinct public and private information.

The article is organized as follows. In Section 1, an econometric
method appropriate for cross-sectional studies of partially revealing,
voluntary economic events is illustrated with a simple example. The
method is applied to a model of horizontal mergers in Section 2, and
cross-sectional parameters are estimated in Section 3. Finally, the
results are summarized in Section 4.

Truncated Residuals and Inconsistent Estimators

The problems produced by insiders’ incentives and their effect on
outsiders’ inferences can be illustrated by the following simplification
of the subsequent model of mergers. The managers of bidding firm

In Harris and Raviv (1985), managers maximize a function of market values. As in other signaling
models, these market values depend on public information, including the event in question.
Because insiders recognize the reaction of the market before they initiate their event, the signaling
problem differs from the standard problem in models with limited dependent variables.
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7 have private information about the potential synergy from a possible
merger. Using this information, they assess at y, the return on their
firm’s stock from its share of the synergy. That is, if v;* and v;™ are the
managers’ private evaluations of their firm’s stock, with and without
its share of synergy from the proposed merger, respectively, then the
acquirer’s return is y; = In(v;*/v;7). Assume that the acquirer’s assess-
ment y, depends linearly on a vector of publicly observable charac-
teristics x;and a single statistic , summarizing the inside information
of firm j: ;= x;v + u,, with the vector of constants . Each acquiring
firm’s private or proprietary information 7, is distributed normally with
mean 0 and variance w?, independently across all acquiring firms j =
1,...,J

In most event studies, cross-sectional parameters are estimated in
two steps. First, for each firm the abnormal returns are estimated as
residuals from a calibrating model, commonly the market model.
Second, the parameters vy are estimated from a cross-sectional regres-
sion with the independent variables x;. This two-step procedure can
be conveniently summarized by a single time-series and cross-sec-
tional regression:

1= a; + 6jrmt + djtxj'y + €, €))

for all firms j=1,...,Jand times t= —T;,...,0,..., T,. In (1)
7, and r,, are the continuously compounded rates of return on the
stock of firm jand the market portfolio of stocks over period ¢ d, is
a dummy variable equal to 1 during the event period and 0 otherwise;
and x; is a K-dimensional vector of explanatory variables suggested
by theory. The residual ¢, is assumed to satisfy

E(ejt) = O) E(sz,) =0%+ djta 21 E(ejt; ej’t") = 07

for all firms j # j' and all times ¢ # ¢'.°

For voluntary events this standard analysis can be inconsistent with
rational expectations by participants in the capital market. To see this,
suppose that the managers of the potential acquirer decide to merge

§ Equation (1) differs slightly from the standard, two-step procedure. In (1) the parameters can be
estimated from data covering the entire sample period, rather than just the nonevent period as in
the standard procedure. This increases slightly the efficiency of the estimators. Second, the dummy
variable dj, can be correlated with the return on the market 7, unlike the two-step procedure in
which d, and r,,, must be uncorrelated for the estimated coefficients to be unbiased. Third, the
residual variance during the event period ¢2 + 62 can exceed the residual variance during the
nonevent period o 2. The incremental variance 42 is positive if there is additional residual risk during
the event period or if independent variables are omitted from the cross-sectional regression in the
second step of the two-step procedure. The pooled equation (1) can be modified to cover com-
plications that are familiar from previous event studies. For example, if the economic event is
partially anticipated by investors in the capital market, then the coefficients must be reinterpreted,
as in Malatesta and Thompson (1985). Also, to reflect rumors and the random arrival of news, the
dummy in (1) can be redefined as a stochastic variable with a positive support over some sequence
of periods preceding the event, as in Ball and Torous (1988).
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if and only if they assess their firm’s share of the synergy as nonneg-
ative. Thus, they announce a merger if and only if their firm’s return
satisfies 0 < y, = x,v + 7, Outside investors recognize the managers’
incentives even though they cannot observe their inside information
n,. 1f the announced merger completely surprises outsiders, then each
investor computes the acquirer’s expected return from the announce-
ment as E(y, | n; = —x;v). Assume that outsiders regard their uncer-
tainty about the insiders’ assessment y; as unsystematic risk. In this
case, competition in the capital market generates during the
announcement period the abnormal return

F(x) = EQy|ln; = —x7)

=xv + E(; | n,= —x7) = xv + w—(@- €3]
N(z)’
where »# and N represent, respectively, the normal density and dis-
tribution functions with the standardized variate z; = x,v/w. In (2)
the ratio n(z;))/N(z,) is the expectation of a standardlzed normal
variate that is truncate below at —z,.” The coefficient w in (2) reflects
the standardization of z;:

E(n; | m; = —xv) = wE(/w | n,/0 = —2).
This abnormal return F(x,) replaces the linear specification x,v in
(D):
1= o+ 6jrmt + d_ﬂF(‘xj) + fjr 3)

The residual §, in (3) has the same properties as the residual ¢, in

(1D):
E(g-]t) = 07 E(g‘]zt = 0.2 + a’jtazy E(g‘jt; g‘j’t’) = 07

for all firms j # j' and all times ¢ # ¢'.

If the event is voluntary and investors are rational, then the correct,
cross-sectional model is (3). In this case the residual ¢, does not have
the properties specified below (1). Instead, the residual in (1) includes
the last term in (2):

n(z)
€= T wN( Y
2
7 With a standardized normal variate z, its density n satisfies #'(2) = —zn(2). If zis truncated below

at 6, then its conditional expectation is

E(z|z=6) =l—#@)»[ zn(2) dz = _I_V—(l——();»[ n'(2) dz=Z/§:2.

See Maddala (1983).

347



