
NOT ALL RIVALS LOOK ALIKE: ESTIMATING AN EQUILIBRIUM
MODEL OF THE RELEASE DATE TIMING GAME

LIRAN EINAV�

I develop a new empirical model for discrete games and apply it to study the release
date timing game played by distributors of movies. The results suggest that release
dates of movies are too clustered around big holiday weekends and that box ofÞce rev-
enues would increase if distributors shifted some holiday releases by one or two weeks.
The proposed game structure could be applied more broadly to situations where compe-
tition is on dimensions other than price. It relies on sequential moves with asymmetric
information, making the model particularly attractive for studying (common) situations
where player asymmetries are important.(JEL C13, C51, L13, L15, L82)

. . .a very serious game of strategy is at
work–a cross between chess and chicken–
which studio distribution chiefs play year
round, but with increasing intensity during
the summer and holiday release period.
(New York Times,
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answering a question about the large
number of major movies opening within
days of each other;Los Angeles Times,
December 31, 1996)

I. INTRODUCTION

The number of Americans who go to the
movies varies dramatically over the course of
the year, and sometimes more than doubles
within a period of two weeks. At the same time,
the �rst week accounts for almost 40% of the
box of�ce revenues of the average movie. The
combination of these two facts makes the tim-
ing of launching a new movie a major focus
of attention for distributors of movies. With
virtually no subsequent price competition, the
movie’s release date is one of the main short-
run vehicles by which studios compete with each
other.

In this paper, I develop and estimate a model
of discrete games, which allows me to analyze
this release date timing game. Most empirical
industry studies focus on price and quantity
competition, taking other product characteris-
tics as given; in many industries, however,
prices play a very small role, and competition
is channeled through other product attributes.
The entertainment industry is a prime example;
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of moves is then dictated by the commitment
measureµ j . This implies that the probability of
an ordero is given by

Pr(o) =
N


j = 1

(exp(Wj � ))
� �

k /� prev(o(j ))

exp(Wk� ).

(10)

Given M distinct and independent markets
and a speci�cation for ˆ� i (a; X, � ), the model
can be estimated using maximum likelihood.

Finally, it is important to note what would
be altered in the model if we considered a per-
fect information game, that is, a game of the
same structure in which all� j

aj ’s are common
knowledge. The key difference, for the econo-
metrician, is that the observed decision of, say,
the player who moves last provides information
about that player’s� j

aj ’s. In the perfect infor-
mation case, unlike in the derivation above, the
other players know these� j

aj ’s and hence such
information must be taken into account by the
econometrician when assigning probabilities to
the other players’ decisions at earlier points of
the game. Thus, these decisions would have to
be analyzed in light of a truncated extreme value
distribution, for which we do not have closed-
form solutions. To address this in a useful way,
we will need to employ simulation estimators,
which will solve for the subgame perfect equi-
librium for each set of simulated vectors of
� j
aj ’s.8 This complication is the reason why the

imperfect information case is computationally
more attractive.

B. Relationship to the Literature

Existence and uniqueness are typically the
two properties of equilibrium we analyze. Empir-
ically, we generally assume that the data are
generated by an equilibrium behavior, thus
eliminating any existence problem. Multiplic-
ity, however, remains a major issue. In order
to understand the estimation problems associ-
ated with multiplicity of equilibria, let us denote
the empirical model byy(X i , � , � ) � Y, that is,
a mapping from the model primitives, namely,
observablesX, unobservables� , and parameters
� , into the model predicted outcomey(X i , � , � ),
which is a subset of all potential outcomesY.

8. The appendix of Berry (1992) conceptually describes
such a simulation estimator. With player asymmetries, how-
ever, the procedure described there would be computation-
ally more intensive.

If y(X i , � , � ) is a singleton for allXi ’s, � ’s,
and � ’s (i.e., equilibrium is always unique)
then estimation is straightforward: one can pro-
ceed with, say, maximum likelihood estimation,
with the likelihood of the observed outcome,
yi , given by Pr[� � { � |yi = y(X, � , � )}|X, � ]. If,
however,y(X i , � , � ) is nonunique then such a
likelihood-based estimation procedure cannot be
carried out unless we extend the model to have
an additional assumption about the probabil-
ity measure over the set of possible outcomes,
y(X i , � , � ). Several comments are in place: (1)
in general, theory tells us nothing about these
equilibrium selection probabilities; (2) to be
speci�ed correctly, one has to account for all
possible equilibria, for any given (Xi , � , � ); (3)
sometimes we may tell a story why one equi-
librium is more likely than another, and this
could be thought of as an extension of the model,
which essentially provides uniqueness.

An approach taken by several authors (Berry
1992; Bresnahan and Reiss 1990) and more
recently generalized by Davis (2006b) is to set
up a model that does not provide uniqueness,
but provides the econometrician with a coarser
partition of the empirical model, which satis-
�es uniqueness. For example, in the context of
entry models, these authors show that while,
given (Xi , � , � ), the model may have multi-
plicity of equilibria, all such equilibria share a
common feature, which is the number of enter-
ing �rms. Thus, the econometrician can condi-
tion on the number of entering �rms, but not
on their identities, and then apply likelihood-
based (or other) estimation techniques. This is
a coarser partition ofY in the sense that dif-
ferent observations are treated the same. While
this approach has proven useful, it has two main
limitations. First, the approach is not ef�cient in
the sense that it treats different observables in
the same way and hence does not use all the
information provided by the data.9 Second, a
more important limitation is that strong sym-
metry assumptions must be imposed to get a
unique prediction in models with more than two
players. For example, in entry models, �rms’
payoffs are assumed to be invariant to permuta-
tions of the entry decisions made by their oppo-
nents. These assumptions seem quite unrealistic
for a wide set of applications in which entrants
are not drawn at random but are endogenously

9. Indeed, Tamer (2003) proposes a more ef�cient esti-
mator, which exploits the additional information provided
by the data.
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drawn from a well-de�ned population of het-
erogeneous �rms. Therefore, for many research
questions, these models may prove unsatisfac-
tory and may alter the economic implications
of the results. Mazzeo (2002) relaxes this sym-
metry assumption by introducing different types
of products, and conditioning the analysis on the
number of entering �rms of each type. The main
restriction still remains: all potential entrants are
ex-ante identical, and pro�ts of a player are
invariant to a permutation of his opponents� type
choices. Moreover, extending Mazzeo�s model
to more than two or three types is computation-
ally infeasible. Thus, the main two limitations
remain largely unaddressed.

Two recent alternative approaches to deal
with multiple equilibria have been developed.
First, several papers (Andrews, Berry, and Jia
2007; Beresteanu, Molchanov, and Molinari
2008; Ciliberto and Tamer 2008) show that in
the presence of multiplicity of equilibria, one
can place bounds on the parameters of interest
rather than obtain point estimates for them.
The potential of these methods has yet to
be fully realized, especially when there exists
important variation in observable characteris-
tics across observations. A second approach
(Aguirregabiria and Mira 2007; Bajari, Benkard,
and Levin 2007; Pakes, Ostrovsky, and Berry
2007) uses a two-step estimation procedure
to get around the multiplicity problem. This
approach assumes that the game has a reduced
form, thereby avoiding the multiplicity prob-
lem. It relies heavily on accurate (nonparamet-
ric, ideally) estimation of the policy functions,
which are then used to back out the structural
parameters. While useful in many settings, this
approach requires either large data sets or a
small set of state variables. Many of the typical
data sets and applications in industrial organiza-
tion (for which the current paper is an example)
do not satisfy either of these requirements.

Finally, a somewhat more structural approach
is to change the structure of the game in such
a way that equilibrium would be unique.10

Bresnahan and Reiss (1990) and Berry (1992)
suggest ways to do this by imposing a sequen-
tial structure on the game, which yields a
generically unique subgame perfect equilibrium.

10. Within this class, I also consider imposing a pre-
de�ned probability distribution over the different equilibria,
as in, for example, Bajari, Hong, and Ryan (2008). We can
just think of an additional latent variable (the outcome of
the �public randomization device�), conditional on which
equilibrium is unique.

This full information version, however, becomes
computationally unattractive as we relax sym-
metry assumptions and increase the dimension-
ality of the game. Seim (2006) enriches the game
structure by moving to games with asymmet-
ric information. This makes the strategy of each
player simpler from the econometrician�s point
of view because it now depends only on the
�rm-speci�c unobserved variables rather than on
the whole set of unobservables in the market.
Indeed, Seim (2006) is able to �nd a unique
Bayesian Nash equilibrium and use it for esti-
mation. Several limitations remain. First and
foremost, the equilibria in such games are not
necessarily unique.11 Second, the search for the
equilibrium strategies must involve an intensive
numerical search for a �xed point, thus making
computational complexity increase quite rapidly
with the dimension of the problem. Third, just as
in Mazzeo (2002), the same symmetry assump-
tions discussed above are still present: all oppo-
nents are ex-ante identical.

The model developed in the previous section
is therefore in the spirit of Seim (2006), but with
a sequential structure, as in certain speci�ca-
tions of Bresnahan and Reiss (1990) and Berry
(1992). The (standard) assumptions on the pri-
vate information structure guarantee uniqueness
of equilibrium and imply that the equilibrium
can be found using a pseudo-backward induction
algorithm, thus alleviating some of the compu-
tational burden present in other models. There-
fore, it incorporates different existing ideas into
a game structure that guarantees uniqueness, is
not restricted by symmetry assumptions, and
is computationally attractive. In entry games,
for example, such structure should be particu-
larly attractive for situations in which additional
information on postentry values is available
(e.g., Berry and Waldfogel 1999, Orhun 2005,
Ellickson and Misra 2007, or Watson, 2009).
Such information would typically make sym-
metry assumptions internally inconsistent, and it
would provide valuable insight on the structure
of postentry values, which can be easily incor-
porated into the game structure just outlined.

11. Seim (2006) numerically shows that there is a unique
symmetric equilibrium for her particular model and data.
More generally, however, there are no assumptions about
the model that can guarantee uniqueness. Moreover, once
rivals are allowed to be asymmetric, we would not be able to
focus on symmetric equilibria, thereby the scope of �nding
multiplicity of equilibria would be even greater.
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Reiss (1990) and in Berry (1992). The square in
the middle is the area that gives rise to multiplic-
ity of equilibria. As pointed out in these papers,
once one allows sequential structure, equilib-
rium is unique. For any point at the “multiplicity
region,” the player who moves �rst is the only
player who enters in equilibrium. The sequence
can be determined outside the model, so that the
whole “multiplicity region” is allocated to one
outcome, or, as suggested in Berry (1992) and in
Mazzeo (2002), one can assume that the higher
pro�t player moves �rst. The latter case is shown
in the bottom left panel of Figure 1: within the
multiplicity region only player 1 enters to the
left of the 45� line, and only player 2 enters to
the right of the line.

Consider now the case in which entry cost is
private information. In the simultaneous-move
case, as in Seim (2006), equilibrium follows a
cutoff point strategy for each player; if� �

i is
playeri ’s cutoff point, his strategy is to enter if
and only if � i < � �


 . The Bayesian Nash equilib-
rium in this simple example is given by the solu-
tion to the following two equations:� �

1 = µ Š
F(� �

2)� and� �
2 = µ Š F(� �

1)� whereF (·) is the
cdf of � . Once we impose the uniform distribu-
tion we obtain a unique equilibrium, in which
the symmetric cutoff point is� �

sim = µ /( 1 + �) .
The distribution over outcomes is depicted in
the upper right panel of Figure 1.

Finally, the case of sequential moves with
asymmetric information, which is the model
used in this paper, is shown at the bottom right
panel of the �gure. It shows the distribution of
outcomes when player 1 is the �rst mover (the
case for player 2 being the leader is symmet-
ric). Under the assumptions, the second mover
just follows his full information strategy, condi-
tional on the action played by player 1 (the �rst
mover). Player 1 foresees this and uses a cutoff
point strategy for entry, which is the solution to
� �
1 = µ Š F(µ Š �)� . With uniform distribu-

tion we obtain� �
seq = µ Š (µ Š �)� . It is easy

to see that� �
seq > � �

sim; knowing that his action
will be observed by player 2, player 1 can use
it to be more aggressive in equilibrium.

Several comments are in place. First, in the
full information case, moving �rst is advanta-
geous (at least in this simple two-player entry
game). In contrast, once information is asym-
metric, there are cases in which moving �rst is
a disadvantage. Consider, for example, a case
in which � 1 and � 2 are just belowµ. In such
cases, the second mover will be the one enter-
ing the market and making positive pro�ts. This

is because the asymmetric information creates
a trade-off: the �rst mover has a commitment
power, but he also faces uncertainty. The second
mover, in contrast, has no information problem:
once his opponent has already moved, know-
ing his opponent’s entry cost has no additional
value. Second, as a consequence of the sequen-
tial moves, the likelihood of ex-post regret is
much lower when compared to the simultane-
ous move case. Ex-post regret is experienced
whenever a player would have liked to reverse
his own action, once his opponent’s action has
been revealed. In Figure 1, regret is experienced
in all areas in which the black and white rect-
angles on the right differ from those on the left.
It is easy to see that, in most cases, these areas
are much smaller in the sequential-move case.
This is just a direct consequence of the previous
argument: with sequential moves, only the �rst
mover can experience regret, while the second
mover effectively has no information problem.
This also illustrates why I view the sequential
game with asymmetric information as somewhat
in between the two versions—with complete
and incomplete information—of simultaneous
move games. In particular, this is true once we
randomize over the identity of the player who
moves �rst.

D. Remarks

Regret.Empirical models with asymmetric infor-
mation are vulnerable to the regret critique. The
argument is that the asymmetric information
may give rise to outcomes which would not
be sustainable in the long run, as the players
would like to change their previous actions. In
the entry game illustrated above, for example,
this happens when� 2 is suf�ciently high and
� 1 is just belowµ. In both versions of asym-
metric information, none of the players enter in
equilibrium. Once player 1 �nds out, however,
that player 2 does not enter, player 1 would
have liked to reverse his action and enter the
market. The sequential move structure partially
addresses this critique. As mentioned, the play-
ers who move late are less prone to information
problems and hence less likely to experience
regret. Thus, in general, the likelihood of regret
is smaller under the sequential structure.

More importantly, the regret critique is more
relevant for entry games than for other loca-
tion choice games. If one interprets a choice as
sinking a location-speci�c cost, then the regret
argument has no bite. While, ex-post, a player
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would have liked to change his action, he has
already sunk his choice-speci�c cost, so revers-
ing it is costly. The entry story is a somewhat
unique example in which a regret critique is
more valid: it is more dif�cult (although possi-
ble) to think of irreversibilities associated with
the choice of staying out of a market. For other
sets of potential actions, irreversibility is much
more plausible. In particular, this is the case in
the application used in this paper; if choosing a
particular release date for a movie implies sink-
ing date-speci�c costs (e.g., printing posters or
buying television advertising slots just before
the release date), then the regret critique is less
relevant.

Computation.Given the parameters of the model,
there are two separate computational burdens.
The �rst is to compute the entries in the pay-
off matrix, namely, to compute the postentry
payoffs for each player, for any potential equi-
librium outcome. If each of theN players has
K actions to choose from, one needs to com-
puteNKN numbers (and repeat it for any value
of the parameters). This may be computation-
ally intensive if the parametric form of payoffs
is both fully �exible and has a nontrivial func-
tional form. Such computational issues do not
arise in the existing literature, where symmetry
assumptions imply much smaller sets of dif-
ferent entries. In the extreme symmetric case,
where �rms are identical, all we need is to com-
puteN different numbers. Thus, it is important
to emphasize that such a computational limita-
tion, which arises from relaxing the symmetry
assumption (and will be binding in the present
application), is unrelated to the speci�c game
structure that is being estimated.

Given the payoff matrix, the second compu-
tational burden is to compute the distribution
over potential equilibrium outcomes implied by
the model. To address this issue, the empiri-
cal model proposed here may be quite useful
compared to others proposed in the literature
(e.g., Seim 2006). The pseudo-backward induc-
tion algorithm is computationally linear in the
number of players for any given order of play.
Thus, one need not rely on numerical search
routines, the computation time of which is typ-
ically hard to bound. There are, of course,N!
different orders of play to check, but this still
gives the econometrician a clear bound on the
computation time. In addition, if solving the
model for all different orders of play is the com-
putational bottleneck in a given application, it

is quite easy to set up a simulated likelihood
estimator, which will simulate a smaller num-
ber of order permutations, and will solve the
model only for this smaller subset of games.
Finally, as described below, one can impose
other restrictions on the order of play that may
be computationally more attractive.

The Order of Moves.Clearly, once the model
is of sequential structure, the order of moves
is important. As already mentioned, however,
it is somewhat less important once asymmetric
information is present: in such a case moving
�rst is not always an advantage. Moreover, I
conjecture that in a large set of applications
the qualitative results regarding the economic
parameters of interest would not be very sensi-
tive to the speci�c assumptions about the order
of play. This is, at least, what I �nd in the current
application.12

There are several different types of assump-
tions one could make about the order of play.
First, by imposing more symmetry assumptions
across players one needs to check less permuta-
tions because different orders of play would give
rise to the same distribution of outcomes. For
example, in the case of symmetric �rms, there
is only one order to check for. Second, one can
either assume a uniform random order across
different permutations of players, so each order
is chosen with probability 1/N!, or alternatively
use a parametric family of distributions over per-
mutations, one of which was proposed in the
end of Section IIA. I do not attempt the latter
in the present application; the identi�cation of
such parameters is more likely to be possible
if we either put more structure on payoffs, or
if we �nd variables which affect “commitment
power” but do not enter the payoff function.13

Finally, in many applications, one can use exter-
nal information and impose it on the order of
play. For example, the historical order of entry
as in Toivanen and Waterson (2005), or the
sequence of initial release date announcements
in the current context, often allows the data
to provide a natural order. Ordering moves by
the size or quality of the players is also a rea-
sonable assumption (Quint and Einav 2005). In
general, once players are asymmetric, we gain

12. This is also related to Mazzeo (2002), who �nds that
different assumptions on the game structure had a very small
effect on his result.

13. This would be an exclusion restriction. For a similar
argument in a similar setup, see Bajari, Hong, and Ryan
(2008).
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FIGURE 2
Distribution of Movie’s Box Of�ce Revenues over Its Life Cycle
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Notes:The “no weights” series calculates weekly percentages for each �lm separately, and then applies simple averages
of these percentages over all movies. The “revenue weights”series calculates a weighted average, where the weights are
proportional to the total box of�ce revenues of each movie. This �gure shows the distribution of total box of�ce revenues
over the movie’s life cycle. The bars stand for the week-by-week share, while the lines stand for the cumulative share as of
the end of the corresponding week. It can be seen that most of the revenues are concentrated in the �rst few weeks, with the
�rst week accounting, on average, for almost 40% of the eventual box of�ce revenues, and the �rst four weeks accounting
for about 80% of them. Once I weight the averages by the grossbox of�ce revenues of the different �lms (white bars and
dashed line), the distribution is less skewed and has a wider tail, suggesting that revenues of bigger movies decay slower.

more player-speci�c information and hence can
use this information to determine the order of
play in a more natural way.

III. INDUSTRY AND DATA

The distributors of motion pictures are those
in charge of taking the movie from the end of
the production stage to the theaters. This is done
typically by the distribution arm of the major
studios, as described in more detail in Einav
(2002) and in the references therein. One of
the main strategic decisions made by distribu-
tors is the movie release date. The two impor-
tant considerations factored into this decision
are the strong seasonal effects in the demand
for movies and the competition that will be
encountered throughout the movie’s run. Typi-
cally, movies with higher expected revenues are
released on higher demand weekends, so there is
a trade-off between the seasonal and the com-
petition effects. The importance of the release
date is greatly magni�ed by the fact that the
performance during the �rst week accounts for
a sizeable amount of the overall performance of
the movie. On average, box of�ce revenues in

the �rst week account for almost 40% of the
total domestic revenues (Figure 2).14 An addi-
tional reason for the importance of the release
date choice is the view that high revenues in
the �rst week create information and network
effects which increase revenues in subsequent
weeks.15

Figure 3 presents the strong seasonality in the
industry, plotting weekly average industry rev-
enues (normalized by ticket prices and the size
of the U.S. population). Major holidays such
as Memorial Day, Fourth of July, Thanksgiv-
ing, Christmas, and New Year’s are historically
associated with strong box of�ce performance.
Consistent with this revenue pattern, the con-
ventional wisdom is that box of�ce revenues are
strong throughout the summer season and during
the Christmas winter holiday period. The period
following Labor Day up to mid-November is

14. Furthermore, about 70% of the weekly revenues are
collected in the weekend.

15. To quote from Lukk (1997): “In this business, if you
are not the number one �lm the week you are open, you
usually are never the number one.” See also Moretti (2007)
and Moul (2007).


