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Abstract

In the U.S. motion picture industry, DVDs are irasimgly a major source of revenue for movie
studios. Two important strategic decisions for B\&re the release date and price. Industry evidence
suggests studios consider various release opt®asidenced by their pre-release announcement&nWh
deciding DVD release dates and prices, studios oarstider the following. First, weeks of high demhan
potential, increase sales. Second, intense corigpetit weeks of peak demand might reduce market
share, lower margins and lead to higher costslease. Third, deferring a DVD release (e.g. to B-no
peak demand week) after the movie’s theatricalraguces the potential sales of the title. So hoesdo
the competitive equilibrium of release dates aridegrevolve?

Such competitive dynamics are typically studiedngsiMarkov Perfect Nash Equilibrium
methods. Our industry has features that make thesthods unsuitable. First, studios make interim
release announcements (both action and state seictaour model), which are not observed by the
researcher, and cannot be imputed from the datmn8ethe seasonality of demand and competition and
other time trends in the data lead to time-vanpagoffs and hence time-varying strategy selectidaesr
for firms. That is, states of the world follow amstationary (non-homogenous) Markov process.dT hir
given the variety of possible competitive dynamétsplay (strategies might be strategic substitotes
complements, depending on the set of players mafyzed), multiple equilibria might result. There
no existing methods available to analyze dynammpetitive games with multiple equilibriums.

To overcome these modeling challenges, we buildodeiwhere agent (studio) beliefs reflect
Perfect Bayesian distributions over unobservedestatiables. This is analogous to methods in the
oblivious equilibrium literature. Due to missingammation (interim studio announcements), we cannot
identify DVD profits from current period action does of agent. Instead we compare agent choicas ove
multiple periods using the competitive industry letion predicted by the iterated Markov kernel. We
estimate a model of DVD sales of a title in a peribo calculate future profits, we derive and fasica
sufficient statistic that captures industry comipedi structure. Comparing timing and pricing demns
with computed best responses, we identify title wegk specific release costs in our model. We show
that estimates from our partial information modahweerge to those from a complete information MPNE
model, and find reasonable predictive validity géat behavior in our dataset.

While the application of our model is to the U.S/ID market from 2000 to 2005, the model is
applicable to competitive industries where reseanshre unable to obtain data on intermediatesstate
decisions of firms and/or where industry and firmoffis vary over time.

Key words: dynamic competitive models, censored,dabn-stationarity, motion picture industry.

“ Comments and suggestions are highly welcome. Anifidukherjee is a Ph.D. candidate in Marketing.nWai
Kadiyali is a professor of Marketing and Econométsthe Johnson School of Management, Cornell Usityer
They can be reached at am253@cornell.edu and ke@iyarnell.edu. Thanks to Ting Zhu for early dissioss.
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1. Introduction

In the U.S. motion picture industry, DVDs have wasingly become a major source of revenue
for movie studios with total DVD sales growing frdt.9 billion in 2000 to $16.3 billion in 2005. The
release date and price of a DVD (or title, as @dled in the industry) affect profits because kie®VD
sales vary dramatically with peak weekly sales dpeiaven-fold non-peak sales, and release prices for
DVDs varying between $5 and $35 across titleshenttime period of our study, 2000-2005. Therefore,
release timing and prices of DVD are important tetye variables. The focus of this study is the
competitive dynamics of the setting of these twoialdes in the U.S. DVD industry in this period.
Substantively our objective is to study the optitgabf observed decisions. We investigate changes i
DVD revenue and release costs due to time varyiigy and industry forces, and build managerial
decision tools to predict future demand and cortipatlevels.

When deciding DVD release strategies, studios neosisider the following. First, there is
substantial difference in industry demand betweeskgemand (weeks with highest aggregate industry
sales) and non-peak demand week&ef@® paribus, any DVD will obtain higher revenues in a lpea
demand week than in a non-peak week. Second, degeiétk periods having the potential for higher
revenues, any one DVD might not realize higher meige This is because the higher revenue potéential
a peak week is likely to attract more titles tHabanticipate higher revenues. Higher competitiopeak
weeks is likely to reduce sales of the title, arightiresult in lower prices, resulting in lower fite. As
more titles enter peak demand weeks, release aosisese weeks might be higher. For example,
promotional allocations and slotting fees to retailand the costs of advertising media might nise i
weeks of peak demand. In addition, titles haver ttadielf-life” clocks running from the time thatek
exit the theatrical channel. The third factor togider is that deferring a DVD release (e.g. toa-peak
demand week) long after the movie’s theatrical nestuces the potential sales of the title in thenokh
Studios must therefore make appropriate stratelgieces of DVD release timing and pricing. Given
these forces affecting release date and price idasisof any one title, how does the competitive
equilibrium of release dates and prices evolve?d hee three factors that complicate our modeligy t
equilibrium.

First, key information describing the evolutiontb® industry is missing in our data. We know
that studios consider various release date optiassevidenced by their intermediate release

announcementsThat is, studios can and do announce they widlass on a certain date and price but the

! Cached web-pages accessed using the internetvarcbinfirm the existence of a steadily changing afet
announcements. However, we have been unable tafitada source for past DVD announcements of studio
1



final date and price often turns out to be différéfarious competitive dynamics are possible irséhe
release date announcements. For example, ahtitfevas successful in the box-office might announce
pre-empt another successful movie of the same deorereleasing the same weekend. At the same time,
seeing the release announcement by a high-revesteatial title might persuade a smaller title of th
same genre to release in the same week, in the dfdpee-riding off promotional monies spent by the
larger title, especially if the peak demand fauvities particular genre of movies. This might in taeter
another smaller movie of the same genre from amcingnthe same release date. Therefore, these
announcements can serve to preempt, or coordielgi@se dates with rivals.

We do not observe the interim release announcememsr dataset, and only observe the final
release date and time. We build a model that allimvshe effect of the missing data on agent astion
when finding the profit function, and show estinsafeom the model converge to the traditional full
information MPNE estimator. An alternative choiset@ build a model of the release timing and pgcin
decision taken at the last period prior to releag®ring interim announcements. Such a dynamicegam
is fully observed and can be estimated using a Mamkerfect Nash Equilibrium (MPNE) frame work.
However, in general, a model ignoring the strategidables of the game (release timing and pricing
announcements) may be misspecified, and lead sedtiarofit function estimates.

Hence, our paper contributes methodologically bscdbing an estimator for agent payoffs in a
dynamic model with censored (or missing) informatidlarketing researchers are often faced with
datasets on forward looking firms in which a keyatggic variable is unobserved or censored forraqra
the entirety of the dataset. For example, firmshmnigcout several locations before choosing a final
location, or make a capacity decision and therr #lteefore reaching the final choice. A typical MB
estimation needs complete data on current andef@iaite vectors and actions taken by agents taifiglen
the transition matrix and enable use of nestedifp@int algorithms. Our model is general enoughdo
applied to other industries with censored data.

Second, the seasonality of demand and competimais| to time-varying strategy selection rules
for firms. Each title is likely to have a releasmihg and pricing strategy that varies by week. For
instance, a title may be more likely to releasevdDitle if future periods have decreased demahan tif
future periods have increased demand; the seagowdlidemand leads to seasonality in the set of
entrants. Also, in this market, there was an eighlt-increase in demand between 2000 and 2005. The
seasonality of demand itself changed over time (BMikre gifted not just for Christmas but also
increasingly for Mother’'s Day, or graduation, oiildfen’s birthdays). Hence, studio profits variecep
weeks and over years. In our model, this implieg the states of the world do not follow a firstier

stationary (homogenous) Markov process, as is #jlgpiassumed in MPNE models.



Third, it is plausible that our setting has mukiptquilibria. Release timing (and pricing)
strategies in our model may be both the traditigtedtegic substitutes but also strategic complésnen
For example, a movie with small theatrical revenméght view a larger movie as a strategic compleémen
if the larger movie can drive traffic to DVD stordavo larger movies may see their timing strategies
strategic substitutes if the market stealing eftlmninates. Allowing for strategic complementaityd
substitutability brings about the possibility of ktple equilibria, a situation not tractable in amt
dynamic model estimation methodologies.

We describe a novel estimator for dynamic gameedas a partial information model (i.e.
where the announcement vector is unobservable). n@del is analogous to the Oblivious Equilibrium
(OE) model (Weintraub, Benkard and Roy, 2007). G&uees that an “agent” (studio in our model) in a
period is “oblivious” to the current states of atheand instead holds beliefs (distribution) ovandidate
states possible in the period. Similar to OE, im partial information model, studios are oblivious
release announcements of other titles in past ¢eriand instead have beliefs that reflect the Perfe
Bayesian distribution over possible release annemeats. In appendix 1.2 we show that payoffs
estimated in the partial information approach cogeeo those in a full information model. While our
partial information model is unable to identify tdevers of an interim release announcement in the
game, the model is able to identify the relevambjgonents of studio profit functions and hence thdd-
offs made by the studios between forces.

The estimation methodology proposed in OE is ngragriate for our setting. Extant MPNE
models, including OE, identify model primitives bging the revealed preferences of a firm in a jgerio
The methods identify drivers of profit functions lbpmparing observed choices with computed best
responses. The missing announcements prevent s Using extant methods. We show that we can
recast the equilibrium condition, as being a fixgaint in best responses of agents across multiple
periods; theorem (T1) shows that the optimal r&leasiouncement strategy of a firm leads to maximum
future profits from release, and hence an optinmal felease timing and pricing schedule.

We show that a unique industry evolution pathwaygassistent with our partial information
model. We estimate a market outcome function tkeatdbes sales in a period, as a function of the ti
since theatrical and DVD release, seasonal demaddct@mpetition. Employing a logit formulation of
market shares, we generate a sufficient statistapproximate the evolution of the industry equitlim
which accounts for differences amongst titles anulies. We forecast industry evolution using the
statistic, and compute payoffs to studios from edéht release timing and pricing choices. Last we
maximize the quasi-likelihood of observed strategpoices, consistent with the other steps of the

estimation, to measure the seasonal differencesdense costs which rationalize observed actions.
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Our estimates of DVD market share are similar fordindings? We find that net release costs
are smaller for movies that were more successftilérbox office, indicating that blockbusters bothke
more money on DVD, and face lower release costs dtizer titles. Increasing the inter-release titirag
between theatrical and DVD release) both reducesséttes potential of the title, and increases selea
costs. The model predicts competition levels inititistry with reasonable accuracy up to 30 wesks i
the future, providing a decision support tool farireting managers in studios. Within sample, oud@ho
shows a good fit with higher prediction accuracy foture release dates and prices of DVDs than
alternative model specifications. Finally, our pglsimulations investigate how optimal Theater-t¢ED
windows depend on seasonal demand, competitiomededse cost variation. The simulations provide a
decision support tool for marketing managers inghtertainment industry, predicting changes in DVD
release strategies should there be changes innthestry landscape (market expansion, change in
seasonality, change in release costs, etc.).

Our model generalizes the MPNE frame work usedttolysstrategic decisions by multiple
forward looking firms, and is applicable to compe& industries with time-varying payoffs or with
frequent entry of new products. Examples incluatdmology products, other entertainment produkeés li
music, and fashion products. And as describedeeathe framework can be used in industries where
researchers are unable to obtain data on firm r&fstate space, and need to model using a censored

dataset.

2. Conceptual Overview of Equilibrium Forces
As mentioned in the introduction, three forces éffthe equilibrium. First, weeks of peak
demand increase sales. Second, intense compeétitiweeks of peak demand reduces market share and
lowers margins. Relatedly, peak weeks might haghéri costs of release. Third, deferring a DVD ratea
(e.g. to a non-peak demand week in order to avandpetition) to a week long past the movie’s theatri
run reduces the potential sales of the title indin@nnel. In this section we present a conceptsivew

of our model, reviewing relevant literature andcdissing each of the forces.

2.1: Temporal Variation in Demand

2 Due to the high computational load of the estioraglgorithm, results discussed are preliminary laade been
estimated on data from 2000 to 2002. We will dg@stimate the model on the entire 2000-2005 data.



As mentioned in the introduction, demand for DVB4iine varying, affecting the optimal release
timing and pricing of titles. We first discuss hewisting literature has approached seasonality tlaen
its impact on our model.

In the economics literature, Einav (2007) and CHRQ07) study the impact of seasonality on the
demand for movies in primary and sequential chanredpectively. Einav (2007) presents an empirical
analysis of theatrical revenue in the U.S. movidusiry, studying both seasonality and competition.
Because his model is for theatrical releases, éssarch question does not include declining patenti
sales with deferral of entry dates. Chiou (200¢€)udes the effect of deferral of release datestrothimg
for the endogeneity of release date selectiongdbes not model the process for the evolution cédslahd
prices. Both papers find strong evidence of sedstmenges in demand, and that firms’ account for
seasonality in their strategic choices.

The marketing literature has found that revenughen movie theater, over the same weeks in
different years, can be predicted. Krider and Weigh(1998) discuss competition when faced with
seasonal demand variations. Radas and Shugan (@98®k an approach for including seasonal trends
in estimating demand curves by taking a transfaonatf time. Luan and Sudhir (2007) model the dffec
on box office revenues of the theater-to-DVD window

Seasonal demand (and seasonal costs, as we wvdgllsdidelow) cause seasonal variation in
payoffs. Modeling these seasonal payoffs in thenéaork of dynamic games poses a problem. While
dynamic games have been studied for a few years(eay see Rust 1987, Ericson and Pakes 1995),
most researchers have typically focused on matdestable industries. Firms in these industry ime t
invariant strategy selection criteria, allowing tlegearcher to assume that the states of the fadidav a
stationary, first order Markov process. The staigriviarkov process leads to the solution concepat of
stationary MPNE, using the implicit assumption tpadfits are only a function of strategic decisiaris
firms, with no exogenous change in industry profitee to macroeconomic forces or technological
change.

The DVD industry in our period of interest showedagid increase in sales from $2 billion to
$16 billion in 6 years. The growth in sales did notur symmetrically over various weeks in a cadend
year, nor across various calendar years. For iostahe largest growth in DVD sales occurred in the
Christmas holidays. Thus, neither over weeks ofsémme year nor in the same season across multiple
years, were revenues and costs, hence profitsiandtrategy selection criteria, constant as assuime
the stationary MPNE model.

We utilize the Ericson and Pakes (1995) framewankgd add to the MPNE literature by

describing a non-stationary (time varying) MPNE mlodOur model relaxes the assumption of time
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homogeneity for MPNE. In appendix 1.2, we discuss ftelationship between the non-stationary and
stationary MPNE in greater detail. In general, theory does not guide us on how non-linearities of
response functions may translate to decision makings. We show that the non-stationary MPNE
requires a “sufficient statistic” vector describioganges over time, which is essential for idesdifon
(see assumption A7 in appendix 1.2 for furtheritgta

Assuming the sufficient statistic for change overet a non-stationary MPNE can be estimated
using extant methods for stationary MPNE. Howewvile non-homogeneity of model primitives
substantially increases the data requirements &imation and decreases the rate of asymptotic
convergence in extant models. In particular, tHecefof seasonal change enters non-linearly in the
continuation values of the MPNE (see Pakes and MeGR2001 for a discussion on calculating
continuation values). In our partial (limited) imfioation model, we impute changes in payoffs, thihoag
demand function. The non-linear effects of seastynate partially accounted for in the demand fumtt
Hence the effect of seasonality enters linearly rwlaalculating continuation values, decreasing
computational and data requirements for estima¥éa.discuss the estimation algorithm used in greate

detail in section 4.4.

2.2: Temporal Variation in Competition
Seasonal variations in demand are likely to resulseasonally varying levels of competition
(figure 1). Both revenues and costs seasonally tduehanges in competition, leading to seasonally

varying profitability. We now turn to more detaild@cussion of this phenomenon.

Figure 1 — Total DVD Sales and New Releases

Consider first papers on the impact of competitromovies. Swami, Eliashberg, and Weinberg
(1999) study multiplex screen allocation decisicasd formulate a model to optimize exhibitor
scheduling. Ainslie, Dreze and Zufryden (2007) ¢huih the BOXMOD model and study the lifecycle of
a movie at the box office, measuring competitionhimi a channel. Einav (2003) models the release
timing game in theatrical channels as a sequegtahe of imperfect information. Foutz-Zhang and
Kadiyali (2007) model the release timing game i tieatrical channel and find that pre-announcesnent

of release dates for movies serve a strategicimtd deter entry into holiday weeks.
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Studios can mitigate competition by making (inteamd final) release announceméntshich
allow the studios to compete and cooperate on seleshedules. There may be early/late mover
advantages to announcing. For instance, as medtionéhe introduction, a title with large theattica
revenue might announce that it is releasing inghdiemand week. This might deter a title of theeam
genre (and that had a worse theatrical performanag) announcing a release in the same week. ©r th
similar title might announce the same release dateset a lower price to undercut the first tienaller
theatrical-revenue titles might prefer to annouaceon-peak demand week where competition is less
intense.

Allowing for strategic complementarity and subgahility brings about the possibility of
multiple equilibriums Announcements in our modeirgahe ability to both coordinate and/or pre-empt
release timings and pricing. Depending on whichr phicompetitive interactions are being studied and
depending on the revenue potential of the wee&tegjies in our model may be both strategic sulbssitu
and/or strategic complements. For instance, inmpghdce collusion due to grim Nash reversion, can b
sustained in the model through the presence oieslpment state (low release price), with the Markov
kernel capturing the probability of agents enter@mgl exiting the punishment regime. Strategiedis t
model are strategic complements in the collusivgnte, and strategic substitutes in the punishment
regime.

While recent advances in game theoretical modddange lead to estimation techniques for static
models with multiple equilibriums, to our knowleddgs is the first paper to allow multiple equililbms
to be played in the data. The non-stationary MPNigl@hallows “equilibrium switches” in a single path
of play, as the Markov kernel is not restrictedoasrmultiple periods. That is, in each period, &gean
choose to play strategies leading to a differenilibgium. Optimal strategies played in the datee aot
restricted to being the same across different ssaand different years. For instance, equilibriymayed
over the summer may be different from equilibriunesulting in the holiday season. Our method
describes a consistent estimator for payoffs igraathic multi-agent game, accounting for randomazati
between equilibriums. A caveat is that we do netigguish between potential equilibriums and cannot

identify the probability of choosing a given eqoilum in a period. The Perfect Bayesian evolutibthe

*The release announcements are not made in consautiets and hence do not serve to inform or infagen
potential consumers. They are reported in industpsites like videoeta.com. Although complete cdctigta on

the history of these announcements is not availdbtre is strong evidence of titles changing anced release
dates and prices.



industry is the result of the equilibrium conditgron equilibrium choice, and the equilibrium cheic
probabilities.

An important point to consider is whether thesecammecements reflect actual intentions of titles’
release timing and prices, or whether they aretegfi@ lies or simply cheap talk. In formulating a
competitive dynamics model for release timing amitey we do not require firms to take decisions
influenced by competitor announcements. For ingaifcannouncements are cheap talk, then in our
model the Markov density will reflect the lack oférmation in the announcements. On the other hiand,
is possible that announcements are not cheap dalk,are instead costly commitments to particular
strategies. In this case, our model provides ctersi estimates of parameters of DVD profits, while
allowing for the competitive and cooperative incezd of the release timing game. Thus, the modstisne
cases where announcements do not shape releagei@nd schedules observed, while allowing for the
strategic importance of these decisions.

In the literature, entry and post-entry competitltave mostly been modeled separately with
extant papers on entry and entry timing, typicaliyng two period static entry models (Mazzeo, 2002)
industries where the researcher observes the eetdasew products (Einav, 2003), or the entry ifra
in multiple locations (Seim, 2006), but not salestpelease. A notable exception is Ellickson anshk&
(2007), who use market outcome models to enrichiéiseription of payoffs in a static game.

Our model draws on both product choice and dynasnicty models to recover studio- and
season-specific release costs, providing a richscription of the industry. Prior models of reletigeng
in movies have focused exclusively on the seadynafliconsumer demand and competition in the week
as a source for time-varying profits, and the exaltn for observed seasonality in studio actidiagv,
2003). There are several reasons for expectinpaameed releases costs to vary over the courdeeof t
year. 75% of studios’ marketing budgets on avesgededicated to broadcast media (Galloway, 2004),
where the cost of advertising varies over the eoofghe year. DVD release costs may vary as aifumc
of the total sales in the week of release, as algmartners may be able to demand a better share of
profits in weeks of high demand. The increased aditipn between DVDs may spill over into within-
store promotions (e.g. end cap displays) and a#terler promotional resources. Lastly, the growth
total DVD sales may lead to a change in releasts ewsl retailer margins. We measure how releags cos
vary over studios, and over time, and incorporhgedffect of changing release costs when conducting

counterfactuals and simulations, and compare nfgdelith and without release costs.

2.3: Perishability
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We mentioned in the introduction that the lag betwva title’s theatrical run and its DVD release
(which we term inter-release timing) is likely tave implications for the title’s profitability. Mdaes lose
appeal as they spend longer times between sequdistidbution channels, a demand feature we call
inter-release perishability. Additionally, moviessé appeal after release in a channel, a featurealive
within-channel perishability. Below, we discuss hmgearchers have modeled perishability and explain
our conceptualization in our competitive equililbnidramework.

Luan and Sudhir (2007) model the impact of caniEbtibn of box office revenues by sales and
rentals of DVDs, accounting for forward looking laefor of the consumer at the theatre. While
cannibalization of theatrical sales provides aretmiwe for a studio to increase inter-release tjntes
need to release a movie fresh in the minds of awoer provides an incentive to decrease interselea
times. Thus they study the underlying tradeoffsween earlier and delayed releases in secondary
channels on theatrical revenues.

Three papers study optimal firm actions to maximigeenue in the sequential channel, when
considering the perishability of a title. These @apsuggest that word of mouth, advertising wear-ou
effects, and network effects can explain perisfitgbiHennig-Thurau et al. (2007) use conjoint dita
study the effect of different configurations of geqgtial distributional channels on studio profitiai
optimizing release timings across channels. Lehmamh Weinberg (2000) develop a model of the
optimal time to enter video rentals for a movies@mting for the cannibalization of sales from thieal
release. Prasad, Bronnenberg, and Mahajan (20G%)ansanalytical model to study the effect of
consumer expectations on the optimality of the nigndecision. In their model, the duration between
theatrical and DVD releases of earlier movies, sbape beliefs of a forward looking-customer faoreav
movie. The studio’s decision depends on currenefselmaking it profitable to deviate from the irstiy
standard, and release early. In each model, fitioracin a title are studied in isolation of thegence of
other titles, and of seasonality.

Movies in theaters only exhibit within-channel géability, Ainslie et al (2007) separate revenue
patterns in movie theaters into blockbuster pastenmd sleeper patterns. Blockbusters peak earlyein
first weeks post release, and then decline in nexerSleepers peak later than blockbusters, and
subsequently decline in revenue. Revenue patteri3VviDs are more complex as DVDs exhibit both
forms of perishability. A consumer’s dynamic demisimaking process and the network effects in
evaluating entertainment products lead to non-fiemges in the relationship between inter-release
perishability and within channel perishability. Fimstance, longer inter-release times may lead to a
saturation of the word of mouth, attracting mor@stomers in earlier weeks, and then showing faster

decay post release. Alternatively shorter inteeasé times may attract more customers in earlieksve
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due to advertising in the box office channel, amehtshow faster decay post release. In our pagedow
not separate effects leading to wear-out and idsael@pt a flexible 3-parameter gamma specification
the demand formulation.

Managerially, our model can be used to understhackffect of shorter/longer average theater to
DVD windows on DVD profits, by simulating the conijiee equilibrium in the industry for different
DVD release strategies. Extant research on theomingetween channels has focused on the change in
revenue in a particular title, without accountilog $easonality and competition (Luan and Sudhid;720
Our paper focuses on the competitive and seasepalkcts of release timing, and their effect on DVD
profits. The results from simulations in our mod®y differ from the inference in models that ignore
seasonality and competition. For instance, Indidorzes 4 was released in theaters on May 22, 2008. A
model that ignores seasonality may find that shaheater to DVD windows are optimal and hence
suggest a date in August or September 2008 foratrediJones 4. However, seasonality in different
channels suggests that optimal decisions diffeedbas time of theatrical release. Indiana Jonesyt ve
better served by waiting for the Christmas Holidgyastponing the DVD release by a period longen tha

the industry average theater to DVD window.

3. Dataand Modd

3.1: Descriptive Statistics

Our data comprises release dates, quantities arekpf titles per week after release, as well as
title-specific descriptors (e.g. box office revenate.) for all DVDs released in the United Stdiesveen
2000 and 2005. We describe below the sources sétliata and issues with them. We also descrilae dat
we are unable to obtain, and the restriction tlisgs on our model formulation and estimation.

Nielsen Videoscan collects DVD sales data fromilexsaat the point of sale. We use the weekly
sales and price of all DVDs sold in the United &atggregated nationally. Other researchers hsac u
this dataset to study DVD sales (Elberse and Olmh&ee, 2007). The dataset does not include Wal-
Mart. In our period of interest, Wal-Mart was a orajetailer of DVDs that carried a smaller invegtof
possible titles than comparable national retailelsnce, our sample may understate the importance of
larger titles and overstate the importance of snditles. We supplement this dataset with estimafe
print and advertising expenditure on movies atttizd release from SNL Kagan. We lack data ontprin
and advertising expenditure (P&A) by studios on DViDierefore, we use production cost, P&A in the
theatrical channel and box office revenue thatikedy to be closely correlated with DVD P&A.

We do not observe release costs in our datasets @ofe motion picture industry are comprised

predominantly of the production costs of a movid &&A. Production costs are borne upfront prior to
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release of a movie in the theatrical channel, andat affect the release timing of the movie. P&dsts
vary seasonally, over time and by firm, and thdiecifthe release timing of the movie. In our moded,
assume that release costs may be incurred by ® dtoth as a fixed fee for in-store promotions, and
through retailer margins. For instance, the fixelgase costs of releasing titles on DVD includecist
of in-store promotions in the post-release weakstbre P&A might cost more in weeks of peak demand
when retailers face maximum demand for in storesgitbing and shelf space. We assume titles do not
face distribution constraints; this assumption lsady more appropriate for this market than foe th
theatrical release market. More importantly, faxs@ns of tractability, we assume that the retalays
no strategic role. Another piece of missing datathat we do not observe the weekly release
announcements of studios in our dataset. Our magptoximates an MPNE with announcements,
without data on the announcements of studios.

Similar to Luan and Sudhir (2007), we restrict study to titles released in theatrical channels
prior to release on DVD to reduce computationadild&’e drop older titles released prior on VHS ad r
released on DVD, from our sample. Some titles wsittaller revenues, either low production cost sequel
or children’s titles, may be released direct-to-D¥Bd are dropped from our sample as we expect the
dropped titles have a limited competitive effecttba release timing and pricing gafErom 2000 to
2002, the subset of data used currently for esiimatve observe the release of 512 titles with 5339
observations of price and quantity post release.

In our model, prices (and release dates) are chogdinms, given seasonal demand and release
costs, and their rivals’ announced and actual selglates and prices. There is considerable pritatioa
in DVDs that cannot be predicted from title chaesistics; a regression of price against title

characteristics has an adjusted r-squared of 0.gk&¥e 1).
Table 1 — Price Regression

The strategic role of price is an important didiimt between DVD releases and theatrical
releases. In movie theaters, the price of a tickéked regardless of the popularity of the tiftfgénav and
Orbach, 2007). Hence, the two opposing forces vele¢tmg theatrical release dates are the lurepafak
demand week and the competition expected in thekwa our paper we study the joint evolution obtw

strategic variables (controls), release dates aimmes set simultaneously. The trade-offs betweem t

* We can incorporate the effect of dropped titlethinmodel. However, the computational cost of il data is
overwhelming and the lack of observables on smttles makes demand estimates noisy.
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strategic choices leads to outcomes that may appelbe anomalies when considering either variable
independently. For instance, consider two movidsloakbuster and a small independent movie (indie).
The blockbuster is released in a week of peak ddmand the indie on a week of lower demand.
Intuitively, we might expect the blockbuster to peced higher than the indie. However, we find a
negative correlation (-0.15) between total DVD sdle a week and the average release price of a new
movie in the week. Thus the indie may be releaged higher price than the blockbuster. The joint
modeling of strategic decisions allows for an ewmpt&on. In weeks of lower demand, there is lowenrish
run competition. Hence, titles released in thesekadave higher release prices while those releiased
higher demand weeks, have lower equilibrium relgases.

Two empirical facts simplify our analysis and esitran. First, the (retail) price of a DVD at
release is maintained over the first few montheraftlease, with no significant decrease afterasse
This is significantly different than previous fimdjs for prices of video games and other entertamime
media, where the prices of titles after releaseedme over time (Nair, 2007)For instance, regressing
log price against time after release and otherasgibry covariates, finds that the price of a title
decreases by 6% on average over the course dfsh&2 weeks (Table 1).

The second industry feature is that prices for D\dDs well approximated by discrete levels,
allowing us to treat price as a discrete variabléher than a continuous variable. In appendix 2, we
discuss relaxing this assumption and treating paice continuous variable. Before we begin a forma

discussion of the model, we discuss the timelinfrof actions.

3.2: Timeline of firm actions

In our model, each title released in the theater itential entrant in the DVD channel. In each
week, a potential entrant may choose to either ame® a price and week of release of a title, défer
announcement or change its previous announcemantuding withdrawing the announcement
altogether. Titles update their decisions simultaiséy every week. The state of the industry is dieed
by announced release dates and prices and adesdeadates and prices. Pre-order forms from tded/i
Software Dealers Association indicate that find¢ase dates and prices for DVDs are circulateddeos

stores, 4 weeks prior to the release of the DVDnddewe assume that the final release date and pric

® There are two explanations for the uniform pritedVD for the first months, post release. Deciegiprices
may lead to forward looking behavior from customerso may wait for a price decrease and not pueckizs DVD
at the time of release. Store price guaranteescalypf retailers of home entertainment media, rigtake it
unprofitable for a retailer to decrease pricesrafiease.
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decision is taken 4 weeks prior to the observedl firleases in our implementation but suppress the
period in our notation.

A limitation of our study is that we specify a mbde the level of a title, and ignore portfolio
optimization concerns of a studio: cannibalizatithe effect on release costs from multiple releases
the effect of strategic decisions on other fornaatd channels (such as the theatrical channel analsg
Studios managing multiple titles may choose to &pr&VD release dates to mitigate the effect of
cannibalization and substitution, and/or chooseltster DVD release dates to lower release costs. W
measure payoff changes with earlier/later releaskependent of revenue on DVD, to capture the net
effect of the release decision over all channetswvéier, we cannot disentangle between the soufces o
the payoff variation: substitutability with the #tecal channel, changes in future revenue streatus,
While our framework and estimation methodology @ldor these issues, the additional computational
burden is overwhelming in our application. Last, igieore the role of the retailer, and model thealistu
as the profit-maximizing agent responsible foraskestrategy choices.

In the model, the value of a choice of an annourcgnmplicitly includes the strategic value
(either cheap talk or serious signaling) of makimgouncements, and accounts for both cooperatide an
competitive incentives. Titles maximize profits blyoosing optimal announcements of release date and
prices, in the presence of seasonally varying gaytdading to time-varying best responses for tithey
(as described in the previous section). For ingaaditle may be more likely to release a moviiitfire
periods have decreased demand, than if futuregsehiave increased demand; the seasonality of demand
leads to seasonality in the set of potential etdgrédsee Figure 1). In our model, incumbents face no
strategic decisions. That is, once a title enteesiVD channel, it becomes part of the absorbiatesbf
the Markov process in the release timing gameuhdataset, a DVD on average collects 75% of reeenu
in the first 20 weeks post release with post-DVI2aese. In this period, the price remains remarkably
steady, decreasing by less than 10% of the rej@as® (see Table 1). Hence, it is sensible to modét
release price setting.

Inter-release perishability implies that a studidyoconsiders a finite humber of periods after
theatrical release for the DVD release of the m&\W@ar model does not assume that all titles must be

released on DVD and is general enough to idenitigstreleased in theaters which cannot be prdfitab

® Inter-release perishability implies that despitasonal demand variations for any cost vectorrieiger profitable
to release an unreleased movie after a finite nurabperiods. See assumption (A7) and lemma (L2)afonore
complete treatment.
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released on DVD. Thus, while we assume that ddistiplay the release timing and pricing game, we
allow titles to choose to not release on DVD.

There is an important different between timing medad geographic competition models (see
Seim (2007) and Vitorino (2007)). Both “classes’mbdels are interested in separately identifyirg th
effect of (inter temporal and/or geographic) diéieces in profitability, and the role of competitors
However in a geographic competition game, two agémta time period, either do or do not have a
competitive effect on each other. This effect does depend on when they entered, and is solely a
function of the identity of each agent. In a timiggme, competition is asymmetric inter-temporally.
Movies released early do not face competition erfirst weeks post release, from movies to beaseld
later. Movies released later, face competition frowvies released early in the first weeks postasse
The level of the competition faced diminishes with gap between the release dates: older moviesahav
limited effect on newer movies.

To summarize: in our model, studios evaluate tHaevaf release announcements in terms of
resulting release schedules. The model nests aneege case of cheap talk where announcements
communicate no information between studios. Thascasd benefits of announcing are the changes in
the industry landscape due to coordinating and etitiye responses of other studios. We identifgéra
offs between higher demand, competition, releastscand perishability by the choice of a studio to
release the title on DVD, concluding the releas®ng and pricing game.

Our model specification is applicable when agefitm$) adjust dynamic decisions to changing
industry landscapes. While unforeseen shocks,a@uated for in dynamic models that consider fodvar
looking behavior (including our model), systematidustry changes of the nature described lead to a
non-stationary MPNE. Other examples of such pratletshocks include market expansion, new product
diffusion, changes in public policy, and releasea@hplementor products. In the next section we ritesc

the model specification.

3.3: Studio payoffs

We estimate the profit function per title per weBkofit is estimated in the expected two parts-
revenue and cost. To identify the costs of retepsi DVD, we need to separate between the positive
effect of pricing on profits from the negative effeof price on quantity sold. Reduced form profit
functions based solely on the release timing sdeeda not allow us to separate the profit into éhes
components. We use a market outcome model to depituea effect of underlying seasonal shocks and

competition on demand, from the seasonality ofasgecosts.
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In developing the sales (market outcome) modelhaee two choices. We can model consumer
demand from first principles of utility, accountifigr dynamics in consumer demand (as did Luan and
Sudhir, 2007). Alternatively, we can use a reddoech capture of demand. We choose the lattettfer
following reasons. First, the focus of this papedynamics on the supply side. Researchers iratbis
typically use reduced-form models of revenue topdiin estimation (Bajari, Benkard and Levin, 2007).
A model of firm market share in a period, allows oparsimonious mechanism to account for the effec
of competitors on per period profits. Second, specification captures the relevant dynamics adrint
release and within-channel perishability, which e two key dynamic elements that studios consider
when setting release timing and pricinginally, our data are aggregate, not individuaklgunlike Luan
and Sudhir, 2007), making it less suited for stiraitdemand estimation.

In appendix 1, we specify our non-stationary MPN&nhfework, and describe assumptions on

model primitives and the resulting equilibrium. Ooperationalization of the general frame work is
presented below. Lepgy,:, Xgut € the price and characteristics vector of DVDetgased in week w in
time t® To allow for competitive effects while ensuringngoutationally tractability, we model the

market share of DVD d in week w and yeamgy,; as:

_ eXp(O_dvvt)
T (O )+ Y. X ) ©
i0C,\d
where Jyy =109(Pawt ) + 109Xt )B + g (7

The market share model allows us to present arrigbscription of the industry. In estimating
dynamic models, the effect of other agents is apprated by a linear function. In practice, the
assumption either leads to an exponential incréise to an increased number of agents) in the numbe
of estimated parameters. Or symmetry restrictiamshe profit function: competition being determined
by state and not by identity. The use of a markeires (market outcome) model alleviates data and
computational requirements. In our application, wge descriptors of titles (box office revenue, genr

rating, and studio/distributor identity) when cdéting the asymmetric competitive effects of titles

"We are unable to account for cross-channel sutmtility; that is outside the scope of this paper.
8 For convenience we index time as number of weigke ghe first week of January 2000.
° Market expansion (e.g Einav (2007)) and/or a ramawefficients version of the market share modgirive
predictive capabilities but increase computatiomatden. In general, a model that fits the light tainditions
described in the paper can be used instead, witiftedting the proof of convergence.
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Profits from releasing a DVD accrue post release. Write profits to a studio in period t from

releasing a dvd d in week w as

Tant = Pt (Xewt» Petn ) = Fatae (A(Xawe » Pawt)) 8)

where fg (q(xdwt, de)) is the marginal cost for dvd d, released in week Wime t. In our empirical

application, we interact the movie and studio ctimréstics in a linearly additive specification:
Tigat = (A Pa = W Xant ) TS (Xawt - Pant ) e (Qu) (9)

where ()l Py — K/Xd\m) is the net average studio margin for dvd d, arttl eiiantity calculated using the

market share model and total weekly sal§4Q,) -

Perishability of the movie impacts both title paigohnd the competitive impact of the title. We
account for diminishing appeal when calculatinghbtite payoffs for the studio and the competitive
impact of the movie on other titles. Further, as titles differ across periods, the model adjustshie
changing sets of titles released.

The majority of a DVD’s revenue is garnered in tlist months after release. In this period,
competition and seasonality are major determinaftsales. Sales into the future are affected by
competition from other movies released in the samek, but not from newer releases coming into the
market in later periods. Hence, we model residakdssin remaining periods post the first 12 weaksa
function of the seasonality of the week of reledbe, competitive set of the week of release and the
observables of the movie. Thus, total payoffs tuaio from a title come from the first 12 weeks of
profitability and a residual value of the movie:

w+M

Ty = Z ﬂj_wﬂdwj +/8MKd (W)_yFdefw(Qw)+wa (10)

j=w

where kg (W)is the residual sales angkXq, f,,(Q,) the release costs for dvd d, in week w. The

general model allowsy, to be correlated across movies and wegks'

Our model payoffs are firm-specific. Ericson andké® (1995) specify a payoff function that
depends solely on the number of studios in a pdaticstate, and not the identity of the studiosghiat

2 The general forms of most extant dynamic modelaatcadmit contemporaneous correlation as conteangmus
correlation biases estimates of the transition tionc
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state. They model the state space using a setuniting measures to index the number of studios in a
particular state. However, titles differ vastly éppeal. In our model the state representation ishmu
richer and allows for observable differences betwtiides. The identity of a title impacts not ortlye
payoffs of the DVDs but also addresses the impatieotitle on other DVDs available concurrenthher
affect of the title on the profitability of otheitiés depends on the composition of the choicarsétat

week.

4. Modd Estimation

4.1: Challengesin solving for the MPNE

As mentioned in the introduction, we face thredlehges in solving for the MPNE in our model.
First, we lack intermediate release announcemehtualios, and only observe the equilibrium final
release schedule, leading to an under-identifiadsition matrix. Identification of the transitionatrix
and the use of Nested Fixed Point approaches egnowledge of the current and future state vegctors
and the actions taken by agents. To ensure idgatidn of the transition matrix, extant dynamic reisd
have considered research questions where theastdtaction vectors can either be observed or indpute
While in our model we cannot observe all statesaotobns due to data constraints, in many appboati
such data remains unobserved due to other institaitidetails. For instance, privacy laws may préeen
store from identifying prior behavior of customecgnsoring information on past decisions and their
current state. Thus, we generalize dynamic modelsettings where the researcher is faced with the
burden of estimating on a censored dataset.

Second, while we prove the existence of a nonestaty MPNE in our model, we cannot solve
for the general form of the MPNE as the state ttmmsmatrix is under-identified in a non-statiopar
MPNE. In the Ericson-Pakes (1995) frame work, idieation depends on inter-temporal decisions of
studios following a stationary Markov process (#odiscussion on identification, see Berry and Tamer
2006). In this frame work, the best response diidie@ depends only on the industry state, and tidite s
transition matrix is identified by the responsestfdios to different industry states. In apperidX we
describe the assumptions required to identify tloelehwhen best responses of firms change over time,
and the related change in convergence properties.

Third, multiple equilibriums in a dynamic model i@ the specification of an equilibrium
arbitration process over future equilibriums. Thansition kernel and value function is unique to a
particular equilibrium. Hence in a dynamic modethavmultiple equilibriums, agents in a period hold
beliefs over which equilibriums will be played iat@ire periods, to form expectations of future pés/of
from a strategy. Without a methodology to arbitrbetween equilibriums, the expectation over value
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functions is poorly defined. In general, randomiglvetween candidate equilibriums is in advisablé as
rules out all signaling mechanisms between firmsjuiding those based on observed variables. For
instance, firms may know to play a particular eguillm in periods of peak demand, and a different
equilibrium in periods of low demand. It is alsonguutationally intractable to enumerate possible
equilibriums in the model and hence solve for tkipgeeted value of an action to an agent.

The presence of multiple equilibriums played in da¢a leads to inconsistent two step estimation
(Aguirregabiria and Mira, 2007; Bajari, Benkard dnelin, 2007) due to the lack of a unique reduced
form. A prior approach is to assume that while tbgearcher is unaware of the equilibrium selection
process, and despite knowledge of the potentiglgmee of multiple mixed and pure MPNE in the model,
a unique equilibrium is played out in the data.sThssumption is strong enough to both rule out
equilibrium selection and inconsistent estimatesrafisition kernels (for instance, see assumpt@¥) (
and (5B) in Aguirregabiria and Mira, 2007). In adeta such an assumption is overly restrictive as it
implies that all potential entrants in the six ygeaf the dataset play the same equilibrium, acddésent
holiday seasons, and in fast growing markets. Tdrehomogenous Markov kernel and choice function
described and estimated in this paper are flexéhteugh to allow for the presence of multiple MPNHES
the data.

In the next section, we discuss a partial infororatstimation approach robust to all three issues

described.

4.2: Solution Concepts

We draw from the solution concept of Oblivious Hitpium (OE). In OE, agents are “oblivious”
to the state distribution in a period, and optimiwing Perfect Bayesian beliefs over candidatestéi
the literature OE has been proposed in three sepaomtexts. First, in a model with a continuum of
agents, MPNE and OE have been shown to be equi@eakrabarty, 2003). Second, Krusell and Smith
(1998) described a related model where agent behevderived from a response to the distributiéon o
aggregate wealth rather than the precise allocafievealth across agents, defending the solutiocept
as a behavioral model of agents in large markdisdTWeintraub, Benkard, and Van Roy (2007) show
that OE approximate MPNE models. They present éwands for a model with a homogenous transition
matrix and show that estimates of an OE convergestonates from a MPNE in the context of large
competitive industries where market shares decr@@bethe number of firms, particularly in a model
using a logit market share function. In append&we show that given our choice of a logit marketrs

function, estimates in our model converge to MPISineates despite the non-stationarity of the Markov
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kernel. We validate the model estimation by commpegent actions forecasted with observed behavior,
and compute an upper bound on the difference baet@&and MPNE predictions.

Specifically, we replace the current state of theustry with a distribution over candidate state
vectors that reflect the probability of observihg ttandidate vector in the time period. Rewritedtage

vector as

5" ={ k. A} (1)

where OTQis the state vector for all movies released by ttmend dtJRis the state vector for all titles

unreleased at time t. Thus, we repleﬁ}g, the unobserved state variables, with the disiobuover

candidate states consistent with Perfect Bayesjanileiums. Equilibrium beliefs are neither impadse
nor recovered from the data due to the under ifledtiransition matrix.
The non-homogenous first order transition matrigurees us to write a period-specific choice

function. We integrate over next period choice fioms using the current periods’ transition matrix

lzt (5’ |5) for each candidate vector and over all possiblelicate vectors for the current period.

VM (6 8020,056) = 78 (%G & U O)* BESEs e EMM e @t 8)  (12)
(12) specifies a time-varying choice function ire timodel, due to the time-varying transition

matrix. A non-stationary Markov strategy in the rabébr the studio is a functicm'é/I Axy 5 ADA

non-stationary Markov strategy profile in mod‘q'l\{' is a set of non-stationary Markov strategies in the

model, for each studio, period t. In the model,ribeessary and sufficient equilibrium conditions ar

VM (aat ) 2w (iMoo ) DiLotof! D1 AT 5™ (13)

We draw on a strategy similar to extant static nwdé entry (eg. Bresnahan and Reiss, 1990)
that use necessary conditions common to all egjuitits. The precise difference in strategic behawgfor
agents in our model and in a specific MPNE canmotdoind without solving for the MPNE. Our model
uses week-specific distributions over candidateestaectors without separating between MPNE
equilibriums being played in the date or specifyling probability of playing a given equilibrium.

In appendix 1.2, we discuss the difference between model and a stationary Oblivious
Equilibrium (OE). Weintraub et al (2007) derivehedorem that shows that payoffs estimated using OE

converge to payoffs estimated in a stationary MPWE.discuss how to extend their results to ouirgett
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and show that payoffs found in the partial inforimatestimator, converge to payoffs found in a full

information non-stationary MPNE.

4.3: Model Estimation

As stated before, the OE estimation methodology@sed by Weintraub, Benkard and Roy
(2007) is not appropriate for our setting due te ttensored state space, non-homogenous Markov
transition matrix and agent asymmetries in prafitdtion. We first discuss an alternative charazétion
of the best response function and the resultingliBgum, and then the use of these conditions um o
estimation procedure.

In appendix 1.3, theorem (T1) implies agent playthg best response (making the optimal
release announcement) in a period equivalentlyresstine choice of an optimal absorbing state (final
release date and price), accounting for the comngpestiresponses over the course of play. Hence (T1)
shows that per period best responses can be teghsteo across period conditions on the choice of
absorbing states. Note that the equilibrium desionpdoes not assume that other agents do notmdspo
to the out-of-equilibrium actions of an agent. Hssumption that actions, conditional on the patplayf,
are optimal across periods is a result of per pdrest response strategies of agents.

The re-characterization is intuitive: the undentyipurpose of release announcements in the
timing game is to ensure a path to the optimalggedand price of release. Formally, in maximizing
payoffs in a period, an agent engages in play sumnthat the course of play leads to the maximum
payoffs for the agent, across multiple periods. Vagation in profits from different release datesd
prices stems from the seasonality of underlying ateainand release costs, the endogenous evolution of
competition as a response to the seasonal demaahthe effect of perishability on title profits.

Identification in the model is driven by comparimgyoffs from releasing the movie, an
absorbing state in the Markov process, with comigun the game. This identification strategy has
parallels to the literature in single agent dynapriecgramming problems where the agent has to decide
the optimal stopping time (Rust, 1987), in an emwinent where payoffs from stopping vary over time.
The optimal strategy in our model either prescritesasing or deferring the release of the movia in
week, by maintaining a future release date, or simgoto postpone the release. An observed release
indicates the studio found it optimal to maintamchoose the week and price as its announced eeleas
date and price respectively. Backtracking from é&mel of the finite planning horizon and recursively
defining the value function, we implicitly constitute continuation value of deferring release. Henc
our estimator compares computed best responseisgoppints in the model and the decisions of stsidio

to estimate trade-offs between equilibrium forces.
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Our estimation and identification strategy is diffiet from extant methods. In extant models,
agent actions in a period, conditional on the Markensity, are best responses at equilibrium. In ou
model, the under-identified Markov density canrdanitify the precise best response of the agertdan t
period. Instead, similar to prior Dynamic StociadDiscrete Choice models (for a summary, see
Ackerberg, Benkard, Berry, Pakes, 2007) we use veo-&tep” method to calculate profits from
conjectured releases. We forecast the industryugeal of the market, by modeling the evolution loé t
sufficient statistic. Titles that have been relelabave no further strategic decisions associatatidm
and are absorbing states in the Markov chain. Theegmce of an absorbing state and the forecasts of
future industry environments, allow us calculatéiropl release dates and prices. Next, we use gstsma
from the first period to find optimal release dadesl prices of studios and maximize the quasiitikeld.

However, in our model, unlike extant optimal stagptime models, the stopping decision of a
firm depends on actions of other agents. In ouraggh, an agent makes an optimal decision while
accounting for the behavior of other agents underablivious assumption. Thus, agent behavior in ou
model may differ from agent behavior in a MPNE. Tise of a distribution instead of the informatidn o
actual agent state and hence future behavior implieincreased uncertainty which is manifest in the
model as the difference in equilibrium outcomeshim MPNE and our model. The long term variance of
the forecast is the sum of the long term or avekag@nce of the true forecast generated in the EIPN
the residual variance of the forecasting equatimh the average variance of the difference betwken t
partial information approach and a complete infdiama MPNE specification. Thus, the average
difference between our model and the MPNE is bdynthe mean sample variance of forecast errors.

While we can bound the degree of imprecision inioedl by censored information (when
compared to full information predictions), we canolaracterize the loss of efficiency in our moolatr
a full information model. Our first stage estimateay be inefficient as they do not use the stradtur
elements of the model. And we estimate the modglout conditions on equilibrium actions, specifying
the appropriate release announcement strategwcim jgeriod. (T1) does not imply that our approach i
econometrically efficient.

As the best response in our model is a uniquetlgtdominant strategy, the found equilibrium is
a pure strategy Nash equilibrium in dominant sg&® Hence, econometrically an important diffeeenc
between extant solutions of the MPNE model andapproach is that our estimators are econometrically
complete in the presence of multiple equilibriuniarfer, 2003). In extant dynamic MPNE models,
multiple equilibriums make the MPNE model, even witlge complete state and action space is observed,
incomplete econometrically. In contrast, our estorgare consistent for all equilibriums and caused

without identifying equilibriums.
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The estimation method described in the next sectises (T1) and is general enough for any
game with accrual of payoffs in periods after thwice of the absorbing state. This is a natural
assumption in a game of release timing, where faya€crue post entry, but may not be a valid

assumption in other games.

4.4: Egtimation Algorithm

Our estimation algorithm has 4 steps:

Step 1: Market share Estimation

Estimate the market share model to scale. &gt be the market share of dvd d in time t, in

quantities. Define the geometric mean of in growpkat shares s(s?) :Ni Z INn(§,t) - Then from

ti0C,
(7):
IN(S0e) ~IN(59) = NG =~ 2 N(Ge) + oy~ 2 19
tioc, ti0c,

Coefficients of the market share and residual saledels in our application are estimated using
Ordinary Least Squar¥s Identification and regularity conditions of thearket outcome function have
been well established in the literature. Parameséimates from the first step are consistent inas
timing games, but may not be consistent in entiyyfgames. For instance, Pakes, Ostrovsky and Berry
(2004), first estimate outcome values from exitisieas and then impute them in the second stepeof t
estimation routine. The selective exit of firmsan entry/exit model may lead to a selection biathé
market outcome equation (first step), if estimateparately? In our release timing game, almost all titles
released in theaters are released on DVD and haecpresent in the first stage of estimation, engur
consistency.

Step 2: Forecast the sufficient statistic

We forecast a sufficient statistic to describe éffect of other agents on an agent’s profits from

release. An infeasible estimator can use the @dritarkov kernel to compute the described profites

1 Clustering errors by week and using White's cdioec for heteroskedasticity does not improve fitsl/r
predictions.

12 Entry selection bias can be corrected by usingrérol function of consistent estimates of the tigjiilecisions of
firms.
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of an agent across periods, under the assumpti@ptohal play. The kernel is under-identified inrou
application. Hence, instead we form a reduced ffmmacast of the evolution of the industry and asses
the optimality of actions of studios when facedhitie evolution of the industry.

A consistent forecast of a sufficient statistic t@nformed in our research problem by looking at
the seasonality of demand in a finite set of fujpeeods. Inter-release perishability allows usassume
the existence of a finite end of the game, beyohtathvrelease is no longer profitable (see Lemma 2 i
appendix 1.1). In our empirical application, we rsieee months as the end of the release game anthass
that titles which were not released nine monthgratheatrical release, exit the release game. By
implication, agent decisions involve seasonalitgrothe planning horizon, and the current levelhsf t
sufficient statistic.

In our application, we uses;s=s = Y exp(d;) and forecasE[Es( (Ct)|%R] The

i0C,
summary statistic is a measure of the number amhgth of competitors, but is independent of the
identity of competitors. Figure 2 shows empiricalidation of the chosen summary statistic. In psiof
peak DVD sales, the summary statistic is higherdétgased movies, indicating that the best movieew
released. In contrast in periods of non peak slessummary statistic is higher for non releasedlies,
indicating that the best movies were retained lliss for later release, in coming weeks of higher
demand. The evolution of the industry is regressedhe current industry state, seasonality andréutu

entrant vector:
l0g(su) = B5s 109 Suqi-ny ) + 26, + 7 (15)
Figure 2: Total DVD Sales and Industry Evolution

Market share parameter (step 1) estimates arenrootisistent. Hence, forecasts of the sufficient

statistic in our model are root-n consistent, amaverge in probability to the true sufficient stét.

Step 3: Compute sales from release dates and prices

We construct the empirical analog of the conjectyfits when releasing in a period. Forecasts
from step 2, allow us to define expected payoffsffuture actions. Using the market share modelaand
forecast of sales, we can compute expected tomhtigies of products sold for every given choice of
release date and price. Hence for each agentgiry évme period that the agent was in the timinmega
we compute sales for feasible release date, poicdbination for the agent within the planning horizo

Step 4: Maximize the Quasi-Likelihood
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Our first stage estimates of the summary statesticconsistent, but in a finite sample are (with
probability 1) not true parameter values. Using slades estimated from step 3, we specify a quasi-
likelihood estimation approach using a paramefraciication of the payoff shock. Regularity coinatits

and other assumptions for the estimation are dssclig appendix 1.4. We use Richardson simplificati

to find A(fg)and the Eicker-Huber-White estimator B{6). If imputations of the summary
statisticS¢s are heteroskedastic or autocorrelated, then stdreteors of the sandwich estimator can be

corrected by appropriately weighting the estimafionction (Zeilies, 2006).We choose to use a quasi-
likelihood-based method to maximize efficiency @mdure consistency of the standard error estimiates.
an under identified model, similar to Bajari, Benkaand Levin (2007) one can instead follow
Chernuzhov, Hong and Tamer (2007). Their estimas®s set identification to find parameters that
describe difference equilibriums supported by tlgadminimizing a criterion function that penalizes
violations of the best response function. The iiadd based approach is more efficient in the point
identified model, and produces precise standardrerof estimated parameters. In general, finding
equilibriums in dynamic game models is computatigndemanding. Most MPNE solutions increase
exponentially in computational complexity and cagith the number of agents in the model. In contras
we are able to estimate on sets of potential etstr@m the order of 40 potential entrants in aqbri
larger than prior work on release timings as oudehdncreases linearly in computational load, with
number of agents. The derived quasi-likelihood um application is globally concave with closed form

derivatives, further reducing computational load.

4.5: I dentification

While the general framework of the model admits erAdentified models, our model
specification is point-identified. The identificati of release costs comes from the effect on releas
decisions, of inter-release time, seasonal indudésnand, and revenue from the title post release.
Comparing across titles that could achieve the s@mwenue, we can identify differences specifichte t
attributes of the title. Specifically, studio margiare a function of the movie’s characteristiosl(iding
inter-release time and time since release). Thatgyasold in our model from a release date andepri

combination, is the product of the market share atide seasonal size of the
marketms(Xgnut» Perat ) Tt (Qu) - A change in margins, affects profits dependingtenrevenue from
the title. Hence the coefficients of studio margire identified through the change in revenue with
different choices of release strategigs: is the vector of coefficients of the release casicfion,

identified through the change in industry sale®¥Ds in the weeks post release. Studio differerices
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margins and release costs are identified in theeinttulough differences in release behavior for lsimi
titles in similar weeks, across studios.

The underlying variation identifying release coate the different market shares and seasonal
market sizes across different weeks, for differefdase dates and prices. The variation is indbgetie
underlying seasonality of demand, endogenous dgalutf competition (choices of other studios) and
perishability. There are two limitations to thispapach: we cannot identify any release costs that a
constant across the different weeks as they ddigwoee into the release timing optimization, and ave

only identified to scalé®

E, (v;1%;) = 0 Our specification is similar to specifications use@¢omplete information models.

The described model frame work is general enouglliéev variables unobserved by the econometrician
but observed by agents (common un-observables).n@onunobservables lead to decisions of agents
being contemporaneous correlated. Similar to commpidormation models (Gallant, Hong and Khwaja,
2008), our estimators remain consistent under $Baraption that common unobservables are orthogonal
to observables but potentially correlated with até information shocks. However unlike extant
complete information models we maintain restrictian unobservables and shocks being independent
over time. A complete information model assumesyaet@ments of pre-emption and learning. The
presence of private information potentially corteth with the common un-observables, implies that
allowing serial correlation may lead to “learning’the game described. The resulting model is baéyon
the scope of our research. Further, we restricatiention to identification and estimation of anodel

in this paper for the parametric form. In futuresearch, we plan to show that our model is semi-
parametrically identified, and can be estimatechgisin extension of the approach of Hong and Shum
(2007).

4.6: Results
We find that market share is well predicted by pinmt and ad spending of a movie, the user
ratings and critics’ ratings of a movie, all of whiare positively correlated with larger box office

revenues. Larger number of weeks since theanebahse significantly decreases the attractiveoketgs

13 One can identify scale through the assumption diseount factor that is less than 1. Identificatto scale is
adequate to build the counterfactuals and simulattbat form the major substantive contributiothef paper.
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movie* As in Lehmann and Weinberg (2000), we find thagéa box office revenue and greater screen-
weeks exposure predicts higher consumer utilityil@r to Luan and Sudhir (2007), we find that longe

inter-release times between channels decreasesmensitility. (See Table 2)

Table 2: Coefficients of DVD Market Share Model

We regress the residual sales (sum of revenueegkvt3 to week 24 after DVD release) on
industry and movie characteristics (see Table )il&\the DVD market share in the first weeks after
release is negatively affected by better moviesidtel DVD market share is positively affected hg t
release of better movies at the same time as tHe.DYie measured complementarity of titles may arise

due to better releases increasings store vis8/D retailers, and hence the number of older titlelsl.

Table 3: Coefficients of Residual Sales

Estimates of DVD release costs (structural suppliameters estimated in the second stage) are
in Table 4 Our results indicate that release costs are sahsand are higher in weeks of peak demand.
We find that movies that performed better at the bffice, controlling for the increased sales onMV
face lower net DVD release costs. We also find thavies that spend a longer time between the
channels, have a longer inter release periodfesstr copies due to the decreased market poterichl
incur higher release costs. Hence, a model ignoratgase costs would overcluster optimal release
predictions in weeks of peak demand, as it woulehlig changes in release costs. Finally, both makgin
release costs and fixed release costs differ agtshos, genres and ratings. Our simulation tesul
corroborate our prior explanation of the pricingrmaly. Regressing optimal release prices suggdsted
the model on seasonal demand variation showshbkanbdel predicts lower prices for movies in weeks
of peak demand. For every standard deviation iseréa industry demand for the week of release, the

simulation suggests a decrease of 16 cents in Bdase price.

Table 4: Coefficients of Release Costs

14 We try different time specifications and do noé sedifference in fit across different specificasp including
higher order polynomials of time spent in channel.
5 Due to the computational burden results have hestimated on data for 200-2002 for now. We will rélyo
estimate the model on the entire 2000-2005 data.

26


https://www.researchgate.net/publication/247837060_Sales_Through_Sequential_Distribution_Channels_An_Application_to_Movies_and_Videos?el=1_x_8&enrichId=rgreq-969860508c9d9d3db878aed19b2fe476-XXX&enrichSource=Y292ZXJQYWdlOzIyODc5MTExOTtBUzoyNjMyODMwMzA2MjIyMTdAMTQzOTc4Mjk3NDY2Mg==

4.7: Model Fit and Validation

The estimators of industry evolution are fairly a@te, indicating a reasonable model fit. In both
Figure 3 and Figure 4, residual variance and fateeaor is limited. The R squared of the 10 waslre
forecast equation is 0.9267 and R squared of theegk future forecast equation is 0.9114.

Figure 3: Forecasting 10 Weeks Into the Future

Figure 4: Forecasting 30 Weeks Into the Future

We compare our in-sample model fits, with two ralégive specifications:

i. MO: Reduced form model of prices and Theater-to-DMihdow as a function of title
characteristics
ii. M1: Dynamic model with release costs set to zero.

The mean absolute error in predicting release datdd0 is 4.73 weeks. Our model has a MAE
of 4.05 weeks while M1 has a MAE of 4.27 weeks aver entire sample. Figure 5 is a histogram of
absolute errors in release date prediction for madel, across the entire sample. For short term
predictions (observed release in the coming 10 g)ed¢ke model has a MAE of 2.86 weeks, while M1
has a MAE of 2.91 weeks. As expected the modelopad better on nearer term than longer term

predictions. We predict the release price with @ueacy of 52%.

Figure 5: Histogram of Release Date Forecast Errors

5. Conclusion
DVD sales are a major source of studio profitajilas weekly sales vary dramatically over the
year and the majority of sales for a title are miadkhe first weeks post release, the timing andiqy of
a DVD release is a major strategic decision fodisist In this paper, we model the dynamic gameref p
emption and coordination played by studios whendileg the joint decisions of release date and poite
DVD. In particular, we study the impact of seastnahrying demand, competition and release costs on

the evolution of competition and release timing amiting decisions, in the industry. An issue in

®We use 7 levels of price: $0-$5, $5-$10$30 and above.
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estimation is that when setting release datesjastutgse weekly announcements to mitigate compatitio
in setting release and pricing schedules. Not auowy for these announcements might lead to biased
estimates of the release timing and pricing ganwee show how to account for these unobserved
announcements to obtain robust estimates of thispettive timing and pricing games among DVD
titles.

Substantively, we are able to measure unobsentedses costs, allowing for both firm and title
heterogeneity in the release cost function. Werdarte to the literature methodologically by deyeig
estimation routines for models in which extantraation methodology cannot solve for MPNE. We do
not observe release announcements, and hence testimanodel on a censored state space. The policy
functions of studios for determining release sgig® change due to the variation in payoffs and the
growth of the industry, leading to a non-stationlsigrkov process. Agent asymmetries prevent theotise
counting measures for states to account for theaapf competition on studio profitability. Our
estimators are econometrically complete, computatip tractable, and show reasonable predictive
accuracy despite these constraints.

A limitation of our paper is that we assume thahfi seek to maximize profits on DVD, ignoring
positive network externalities on future channeld aptimization over multiple titles. While thedcetly
the model scales to both multiple channels andigmrtoptimization, a lack of data on other charsnel
and the accompanying dramatic increase in computaticost, limit the empirical application.

A technical limitation of the model is that in ugira simultaneous game of incomplete
information, we are subject to the regret critigBaudios in our model make decisions on the basis o
their own private information and beliefs on théi@ts of other agents, and cannot revisit theiigieas.

In contrast, in a sequential game, actions of sivalveal private information, and hence may poadnti

lead to different best responses. These quedlieserve further exploration in future research.
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Appendix 1: Non-Stationary MPNE Framework

In this section, we begin by describing the mod#hjtives and the resulting equilibrium.We

f ('){ f (')}inzl

show the conditions for identifying the non-stationary MPNE and discuss the flexibility

of the model when describing multiples equilibriubasng played in the data.

1.1: Model Description
Following prior empirical work (Doraszelski and sk 2006), we restrict our attention to

symmetric and anonymous equilibriums. A set of fioms, is symmetric if

fi(%.%,8,0.) = f; (%,%x46,0,) Oi,j Hence we abstract from the identity of the agenthin

payoff function, and write. f(+)
The function, is anonymous

f(%,%,6,0)=f (xi Xperm(-i) 1O ,Jperm(_i)), whereperm(—i) is any permutation of the indices
if
of other studios.
Note that symmetry and anonymity restrictions doassume that studios are identical,

but instead that studio and product differencesobeerved. Reduced-form game payoffs for all agaits

equilibrium are a function of its characteristisgte vector and competitive set.

We assume model primitives are common knowledgmtential entrants and incumbents:
{7 (%, P, a0 B Wy 0010 & )V ﬂ}(i,xi,pi 1.8 AV XOXPXTXAXA (1)
We describe these objects and then present themmpsens required for the model.

The state space lis<[0xPxT xA, where | [1Z, is the set of all titles ever released in movie
theaters,[1is the Cartesian product of observed movie chariatites, P[] Zﬁf is the set of prices,

T OZis the set of time periods over which the gamdageul, A 0 T” xP is the state vector describing
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announced release dates and prices #&id T” xPis the announcement vec%r{AC,AA} is a

partition of Asuch thatACis the set of continuation states aAd is the set of absorbing states.

T (%, Pit O & ,2)is the profitability of title i, in time period twhen it has characteristics; UL,
price p; P, &, is the state vector at time t aagis chosen by agent&; is set of all potential entrants,

and W, (J'|9,a,)is the transition function that determines staémgitions. As mentioned previously,

we assume this function is time-varying. We adbpt ¢onvention of using primes to denote subsequent

period variables, e.gd’ to denote,,;, J"to denote),,. In an abuse of notation, we also use agent

subscripts to denote the partition of the state aotibn vector describing an agent, edjgto denote the

state of agent i.
Incomplete information models simplify the analysisthe equilibrium (Seim, 2007), and are
more likely to accurately represent the industrg.(given the non-standard contracts for sharingmae

and for deciding the promotional expenditure). Hergimilar to entry models, we assume that prior to

making a release decision studios receive a prpayeff shocly;; , drawn independently over time, from

a distribution G, (+| &, % ) with support orR‘E“, and v, the vector of private shocks for all titles in

period t. Private information shocks (in a timingne) describe payoffs variations from different
announcements and capture seasonal and studidicpiifferences in release costs across periods,
including changes in the costs of advertising, pomal expenditure and the manufacturing costHer
DVD. We formalize this intuition in (T1) in sectioh3. Our formulation of private information allows
shocks to be correlated across the industry, atefdskedastic over time. Finally we specify a disto
factorf3.

We impose further restrictions on the model priveis.

(Al) The state space is finitd € co; X < oo, OX0; p< P <00, pOP;T < 0;d < 00,00 0A).
(A2) Profits are boundedrf < Z 7T, (+) < 7_7). Profits accrue post release (entry) of the.title

(A3)  Studios discount future payois](0,1) .

" The lack of an announcement, or its withdrawagrisoded as the origin.
33



(A4) Private information appears additively in profit
function’z; (X¢, Pit» O 8 Vi ,0) = T8 (%t . Bt 1O & »2)+ V- F, is distributed absolutely continuous to the

Lebesgue measure.

(A5) State transition, follows a non-stationary firsder Markov process with non-homogenous

transition functiot¥; (0’| d,a,:). In general, future states are a time varyinghsstic function of past

states and actiongy (d+1) = f (J, ) ,SID{&' DA,&DAC} Cawith g (5')=f(d,a)>0.

Assumption (A1) stipulates the finiteness of theestspace. First, as we restrict our attention to
titles released in movie theaters and ignore die®@VD sales, our set of agents is always fifiecond,
in practice, characteristics of a movie have fimege. Third, perishability implies that in anyné
period, a firm only considers a finite humber ofufe periods for release. Correspondingly, we istr
the decision vector and action vector of potergigrants to be finite. Assumptions (A2), (A3) ardi)
are features of commonly-used profit functions immpeical studies. The second part of (A2) is
appropriate in a game of release timing where gfemtacan only make profits post release of the.titl

Assumption (A4) describes the stochastic monotgniand continuity requirements on payoffs,
fundamental to the existence of MPNE. Relaxingritigtional assumptions on private information
increases the number of mixed MPNE supported imtbdel. Assumption (A5) requires the state of the
world, dates and prices chosen by studios in ewesk, to evolve in a first order Markov processeTh
evolution of the next period’s states, conditiooalthe actions and states of agents in the cupeind,
is stochastic. In keeping with extant papers, wiire states in future periods to be accessiblm fro
continuation states. In our application, the stgpmce is a history of past actions, and evolves
deterministically conditional on past states antioas. (A4) and (A5) are implicitly equivalent to
requiring additive separability of controls andoes; and conditional independence. Finally ourestat
space is finite (unlike Ericsson and Pakes (1988) study a problem with an infinite state spaeay
hence, we do not require agent payoffs to be baliatithe extremums of the state space.

In appendix 2, we describe an extension to the mtue allows us to model price as a
continuous variable. Thus, we extend the modelath lsontinuous and discrete controls, from discrete
controls. As the extension is computationally mexpensive and requires additional assumptions (A11)
and (Al12), we maintain the assumption of discretgrols for the remainder of this paper. Assumgion

(Al — A5) lead to the following lemma:

Lemma(L1): Generically, the best response function is a unigapping froml xAxT - A.

34



Proof: (L1) follows naturally under assumptions (Al), (ARA3), (A4), (A5) and the solution concept
of a Perfect Bayesian Equilibrium (PBE). In a PBEstudio considers expected profits from each
strategic choice. The expectation on the profitcfiom includes probabilities on the decisions of
incumbents and potential entrants in future periodgscribed by the transition kernel specifiedAB)(
When taking expectations, indifference between fations, making the best response function a

correspondence occurs on a set of measure zerto thue continuity restrictions imposed in (A4).

Corollary (CL1):

If a firm is in a continuation state} DAiC, then all future states of the firm have positrebability.

J‘,Us(4+1|at’4):ua(at)>o
&

Proof: (A4) implies that from each state, all actions pl&yed with positive probability. (A5) implies

that generically, all future states are achievéiolen continuation states.

For a particular equilibrium, (L1) implies a unigueapping from a combination of the state
vector and observables to a future state. In adat) the state vector is the history of past agetions,
making the evolution of the state space conditimmabgent actions, purely deterministic. In gendfal
agent actions lead to stochastic state changeas aipent beliefs in the PBE are rational, as (L1lies
(A5).

Our non-stationary formulation extends extant frammks of dynamic games, to allow for
multiplicity of equilibriums played in the data. df particular equilibrium is played in the dateertithe
specification of the stationary MPNE (with a timenfiogenous transition kernel) is complete without
specifying additional beliefs on equilibrium arbifion. If multiple MPNEs are possible in a modakn
different equilibriums may lead to different tratitan kernels. The presence of multiple equilibrivims
dataset means that the transition kernel is timghvg: equilibrium choice in a particular period
determines state transitions in the period. The-hmmogenous transition kernel defined in (A5) is
agnostic on the source of the non-stationaritylatte is broad enough to allow for the effect oftiple
equilibriums on state transitions. A stationary Mar model assumes that best responses dependronly o
the current state of the agents. Doraszelski atiér8avaite (2007), prove the existence of a MPAii]
under certain conditions, the existence of a Puratedjies MPNE. Assuming a stationary MPNE, they

write the choice value function as

V(%t:8, 9 :01:0) = (% .8 0 10)+ BB 5 a) BV @ #:0) (2)
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where expectations on future value functions akertaover possible next period states, using the

transition matrix.

A stationary Markov strategy for a studio is a fiimeo; :Axy — A. A stationary Markov

strategy profileo is a set of stationary Markov strategies for estcidio in a period. The necessary and

sufficient equilibrium conditions in a stationaryPME are

V(d,0)2V(5;6;,0),0i,0,6,01,A% 3)

A non-homogenous first order transition matrix rieggi us to rewrite the choice value function.
We write (3) as a period-specific choice value tiorg taking expectations over the next period c@oi

value functions using the current periods’ transitmatrix
Vi (%its 85 G ,030) = 78 (Gt 8 L 50)+ BB 5 a) BV @ #30) (4)

(3) specifies a time invariant choice value functiavhile (4) specifies a time-varying choice

value functio®. Time-varying choice value functions, particulanyhen lacking estimates of the

transition matrix, cannot be analyzed using extagthods without arbitrary restrictions\gn As current

decisions are affected by future seasonality,rietance to control for the effect of seasonality aould

need to make&/; a function of future periods.
A non-stationary Markov strategy for a studio iuactiong;; :Axv — A. A non-stationary

Markov strategy profiled; is a set of non-stationary Markov strategies farhestudio in period t. In a
non-stationary MPNE, the necessary and sufficigotliérium conditions are

Vi (d:01) 2V, (663, 0-),0i,0.1,6, 01 AT £ (5)

1.2: Proof of Existence of a Non-Stationary MPNE

18 Blackwell’s theorem does not apply to the genelass of non-stationary Markov Perfect Nash Eqiilibs. For
instance, consider an infinite period game in whtod market grows faster than the discount rat@unproblem,
we assume an upper bound on the profit functionrandirement the existence of an absorbing statesd two
conditions, used with backwards induction argumegusarantee the existence of such a function.
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To prove the existence of a non-stationary MPNE& agsume:

(A6) Let t be the time an agent enters the game. Agent paz;r()ﬁi;e,-) are a strictly decreasing

function of t 77(t, te,») with o >t > tg, stOt > t,77(t +) < O.

Assumption (A6)° is stronger than the standard waiting costs asanspin extant frameworks
due to underlying market growth; firms in market®ewing fast enough may prefer to defer release
indefinitely despite convex waiting costs. Estinsaté inter release perishability from the markedrsh
model in our application, support (A6) with longater release periods leading to a sharp decline in

movie appeal.

Lemma (L2): Agents have a finite planning horizbgy <o, where M is the number of periods in which

profits accrue, post release.

_ M4 _
Proof: Define fM =min,st8"M < Z 7k, Whererr= sup 77,,,. The left hand side of the
n i=0 m>t+n
inequality decreases geometrically indicatfr[% <00, By
. M- M-1
constructiont’ >t + ftM B z Ty <MTT< z 7%, as (A6) implies a decreasing profit function.
i=0 i=0

If firms never receive more profits in periods begldtM than in the current period, then they have a
finite planning horizon ¢tM ) for the current periodFy, =min ft'\/I <o is the finite planning horizon
tor

for the agent across all periods.

Following Dutta and Sundaram (1994), define anredee state spacé,={t, 5} and an extended

transition matrix,/(/l' |/1). Firms within a period only consider a finite nuentof future periods for

release. A game in each period can be replacedawmithquivalent finite game if we drop unconsidered
states (strictly dominated states) from the extdnstate space creating a finite extended stateespac
Assumptions Al — A5, translate in the extendedesspfaice to a stationary Markov chain. The condition

in the extended model match those in Doraszelstti Satterthwaite (2007), proving the existence of a

19 without (A6), the existence of the equilibrium che proven by defining the extended model usingntahle
states. Such a model with countable states is htwddentify than the extended model presented.
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Pure Strategy Nash Equilibrium. As the extended ehadtation is a one to one re-parameterization of
the original model with each week and state inattiginal model corresponding to a state in the rekéel
model, an equivalent equilibrium exists in the mréd model.

While the extended state-space notation is usefulpfoving the existence of non-stationary
MPNE, it is not helpful to the econometrician besalby construction, the cardinality of non-zero
elements of the state transition matrix is alwaygér than the number of observations in the ddtas,
the transition matrix remains under-identifiedhe re-parameterization as in the original model.

We cannot compare the unidentified general notiest@y MPNE with our partial information

model. Hence we assume:

(A7) The integrated value functidysV; (%, &, 0:6)= EspV (%64 Oy (t):6), and the
Markov kernel, W, (J'|J,&,:) = W(é’ 0y (t) .0 & ) are both stochastic functions ofh, (t) and

Uy (t) finite cardinality function vectors of the effeot time t. Define the augmented characteristics

vector as¢” :{xt,Dw (t). Oy (t)} :

Assumption (A7) limits the effect of time varyingyoffs to a sufficient statistic of any finite
cardinality, and integrates these vectors intovibetor of descriptive characteristics. While the NEP
specified in section 3 is not identified due to tiom stationarity of the transition function, thegenented
model (defined above) is identified. Identificatimyquirements from the data scale with the lenfthe
sufficient statistic used. A longer sufficient s&#t remains identified in population, but increaghe
data requirements of the empirical implementation.

(A7) is reasonable in our model, where each abasta finite planning horizon with a finite
number of payoff periods post release. The integraalue function is well approximated in our model
using the projected seasonal demand in the nearefufhe Markov kernel, using Perfect Bayesian
restrictions, in turn is well approximated by exoges shocks in a finite number of future periods,
fulfilling the second half of the requirement. Irergeral, non-stationary MPNE may not be well
approximated by these assumptions.

Additionally, we make assumptions presented ini@ed.1 (assumptions on sequences of profit
functions) in Weintraub et al (2007). The demandiete discussed prior (logit share, nested logitesha

and random coefficient logit share) are consisidtit these assumptions. We get

rliinoo E 0 [V(ﬁ) (xtA, :) -V (xtA, ” =0 (16)
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Where\7(ﬁ) (xtA,:) is the model approximation to the identified augtedrmodel using state distribution

assumptions outlined earlier, for a market withesiz Assuming light tail conditions, as specified i
section 5.4 of Weintraub et al (2007), leads torttaén observation in their paper that the discadistem
of differences between actual and oblivious sipgleod profits, converges to zero.

Non-stationary MPNE that follow (A10) may not pess a recurrent class of states, a property
required for many well known (and popular) extanPINE algorithms. For instance, approximating
MPNE using the method of Pakes and McGuire (20@t)ires the presence of a recurrence class for the
adaptive updates to converge to true values. Asotigeterm distribution of a non-homogenous Markov
process is not well defined, adaptive learning @sses may never converge to the true value, when
modeling a non-stationary MPNE. However, captutimg effect of time in the finite vector may allow
the use of popular two-step estimation processies, as Bajari, Benkard and Levin (2007).

Last, (A10) generalizes the convergence resulOfdivious Equilibriums to games with multiple
equilibriums played in the data, and an equilibriarbitration process on future play. A multiplicity
equilibriums played in the data can be describedadynite family of homogenous Markov kernels,
driving a non-homogenous Markov process. Our natiestary MPNE representation is a sufficient
descriptor of such a game. The game admits (AlGaragppropriate assumption, if the equilibrium
arbitration mechanism (refer to Aguirregabiria aiota, 2007 for a discussion) is driven by observed

strategic and descriptor variables.

7Tit(xit’ F}ut'47at;9|Q(Xit 7p|t)):qut(Xit Pit O & |CI(Xit ﬂt))'e Wi (‘)

1.3: Alternative Representation of Equilibrium

For ease of exposition, we focus on the partiabrimfaition model. Formally, first define the

iterated (non-homogenous) unconditional Markov gnas (//tl(5'|5):J-t//t(5’ |0,a)u, (a) and
a

" (9"10)=> w" (o |5’)I(¢t+n—l(5' |5,a)),ua(a) forn>2. Within the equilibrium for a
S0

a

specific state vecta@, the iterated kernd!t” (5’ |5) reflects beliefs on the state distribution n pésio

into the future. The iterated Markov density in tertial information mode;l;tn (5’|5) reflects agent

beliefs of the evolution of the industry, n periddto the future. Within the partial information o,

integrating the iterated kernel over the beliefgtmn current period’s state distributib(@,R), gives us
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future state distributions. This distributiotf @y (5’ |§,R,5§)Z‘(%R) is a function of past states and
{20e)

past actions due to the Perfect Bayesian reslm'mimf(%R) .

Maxi Erz (a,0)r, Max Erz.\ar0);,
Max{Er (o)), Mex {AE (as)

..,  Max Pv Erg as
5IZIA62t+FM){'8 t+FM( )}

Lemma(L3): Maxi EV; (a;, )t = Max
9 aitDAi{ t(alt )}

wherea? are actions leading to absorbing states for ageamtd A; = A- A7, and expectations are taken
over the equilibrium state distribution in the pehz(d) and private information shock in each period.

Proof: By definition the two partitions of the action spz{A;”‘,Ac} are mutually exclusive and collectively

exhaustive. Hence we get

Maxi EV, (8.2 ); = Max{ Maxi EV; (&;.); , Max{ EV, (& » } (6)
Max{ EV; (.-} Max{BV; (3 o)} Max{EV; (2 )}
By continuing in the game, a firm obtains no psofh the current period, but gains the ability to
either release in the next period, or choose amdifft announcement strategy. In a current perraa, t
expected choice value of releasing is the presanevof profits in the next periods. Hence, we get

Max{EV,(a, )} = Max {BEV,(a. )=
aitmﬁ{ t(alt )} ai(t+l)DA(t+1){lB t+l(a1t )}

(7)
Max{ Max {BEViy(ace)}, Max {ﬂEVm(anr)}}

& (t+1) A T+1) & e 1 A 1)

Implicitly the iterated Markov density allows us take expectations over candidate states in a
period. At the end of the planning horizon, a fithboses between release in that period and congjnui
in that game. Substituting iteratively (7) into (@cursively until the planning horizon we get the
expression of the lemma with an additional terntha choice set of the continuation value past the
horizon. For each absorbing state, the continuatialue is the profits from releasing the movie.
Substitute the profit function for the continuatieslue. From (L2) we know that profits past theinon
are lower than current period release profits, lzartte can never be the argmax. Hence, (6) legd8}o

(L3) formalizes the earlier discussion. In expeotagt the search for the maximizing release

announcement strategy in a period is equivalert search for optimal stopping points across periods
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Agents seeking to maximize expected revenues ptege, maximize expected payoffs from strategic
choices in a period.

In our game, this equivalence as stated is noulasfa private information shock is defined for
each potential action. The search for the maxirgizinategy in a period is the search for the cheitee

of each action including the private informatiorosk

Theorem (T1):

FM _1
Let U be the vector of payoff shocks, of cardinal@ ‘A?
i=0

, to the expected payoffs from choosing an

absorbing state. These shocks are distributedamitensity/,,, absolutely continuous with respect to the

Lebesgue measure. Then:
(i) Private information shocks can be considered to be a linear combinatian.of
(i) A search for the optimal absorbing state acros®g®is equivalent to a search for the optimal

strategy in a period.

Pr oof:

The choice of an action influences the transitibstates in the period. The state density n periodke

future conditional on the action vectoitd,, |a) =Y. @1 (6" 1) Itﬁt (016 @) ¢(&) . Note that
g A

payoffs in the model accrue to the firm post reteaddence, the choice value of an

FM _1 -
actionV, (a) = Z '[ T (d't+j ,-)c(d’tﬂ- |a) is the expectation over resulting future absorbing
J=0 | omafes

states, distributea(dm |a). The iterated Markov kernel has full rank and teninverted. We can
writeV; (a) = EV,(a) + ¢,V , where the mean choice value of the absorbing s$gperturbed by payoff
shock® . @, is the matrix defined through the inverse iteratatkov kernel integrated over the state
density in future periods. The mapping is uniquevehg us to compare with (A4) and ggt= @,V .

In (L3), consider the case wheteis added to the expected choice value of each hingpstate.
Using (T1i), the resulting change in expected aohaialue can be captured by the private shockseo th

choice value of actions in the current period. Hemee get
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Max{E7 (as)+7 (a)}, Max {BEr,,(as)+v (a)},

Max{ v (a) +o(a )} =Max| Aoy
am L LA t ... Max {ﬂFM EZt.r, (a,.)++,7(a)}
aDA?HFM)

(8)

Define aif : A" xv" . A"as the n-period non-stationary MPNE strategy ofgent, for any

finite n. A n-period non-stationary Markov stratgmyfile Jt” is a set of non-stationary n-period Markov

strategies in period t. The non stationary MPNEl@ium conditions (5) can be rewritten as

Vi(a.0)2V (5:6%.0% ) Diot,6h 01 AT 5" )

(9) states that the equilibrium condition of agemhoosing a maximizing strategy in each period
subject to the strategies of others, is equivdleagents seeking the maximizing n period stragedpject

to equilibrium n-period strategies of others. Fr(il), we know a finite planning horizon exists the
firm. Set F, as n and substitute in(9). The equilibrikfy -period strategies can be considered
equivalently to be those leading to the payoff mmzing absorbing state in the planning horizon. ¢¢gn
the per period equilibrium conditions of the MPNEe &quivalent to agents choosing thg period
strategy which leads to the payoff maximizing absuay state in the finite planning horizon. Intudly,
agents searching for a strategy to maximize théceh@lue are searching for thg period strategy that

leads to the maximizing absorbing state.

1.4: Estimation

Similar to Bajari, Benkard and Levin (2007), towed computational load we assume:

(A8) The profit function, conditional on the demanddtion defined, is linear in unknown parameters.

ﬂit(xit’ Pit, 9,86 1a (X 1p|t)):wit(xit P G & (% 1p|t))°91 where Wi (+) is a finite
dimension vector of “basis functions” (includinglymomial and interaction terms).

(A8) allows us to approximate the payoff functiacally. A violation of (A7) does not prevent
estimation or affect identification of the modeHdathe described estimation methodology is robustieo
use of a non-linear specification. As observed ajaB, Benkard and Levin (2007), having a payoff
function that is linear in unknown parameters implthat the constructed value functions are atealti

in unknown parameters, simplifying estimation.
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To calculate the payoffs post release, we utilizeufficient statistic for the impact of the

evolution of the industry and require:

(A9) Competition in the industry is described by arustdy summary statistic ses{). There exists a

consistent estimatgﬁ(sfs):[{(sfs)ﬂ Eb,u(sfs), where ,u(sfs)is the true distribution of the

summary statistic in a future period.

Assumption (A9) is similar to assumptions made ajai, Benkard and Levin (2007 Instead
of assuming a finite parameter vector in the ftsige of estimation, we assume the forecastedolesia
resulting from the first-stage converge to theoradi beliefs of agent3.(A8) can be used in other two-
step dynamic models to allow the first stage regoesto be non-parametric, as the summary stasstic
is not limited in scope (and may be uncountabley.ifstance, the summary statistic vector may thelu
the transition kernel and policy functions definedajari, Benkard and Levin (2007). (A8) also matly
follows when a consistent parametric first stagaregor is used to estimate both, the transitiomék
and the policy functions as in most dynamic gantenasion methodologies.

We assume the following regularity conditions:

(R1l) 6U0Ogis a compact subset @’ and true valuésoS OintOgs.
(R2) The quasi-likelihood functiohr(- |,u(sfs)) is uniquely maximized zﬂ&, and Y(- |,u(sfs)) is

twice continuously differentiable il [] © g with probability 1.

(R1) and (R2) are common regularity conditions daasi-likelihood estimation, met by the iid
Gumbel specification of absorbing state payoff &sda our application. Under (A8), the argmax df th

guasi-likelihood function is a consistent estimatbthe second stage structural parameters. Frof), (A

the second stage quasi likelihood functionY(-|,u(sfs))is continuous, leading

toY(- |[1(st)) O b Y(- |,u(sfs)). Maximizing the quasi-likelihood yields second g&tastructural

% n non-stationary MPNE, (A8) implicitly requireA). The sufficient statistic in (A8) can only beeglicted if the
non-homogenous Markov process can be modeled asnagenous Markov kernel and exogenous time varying
variables.

2L Additional rate of convergence and local smoothressumptions are required if using a criteriorcfiom for
estimation as in Bajari, Benkard and Levin (2007).
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parameters ) whose variance is the sandwich estimatff) ™" B(6) A(fs) " where A(6 ) is

the Hessian of the log quasi-likelihood aBtﬂHSS) is the variance of the quasi-score.

For completeness we discuss the endogeneity ofvaides and a method for correcting for the
endogeneity bias. In our research question, endiiyeis not a concern as observables in our payoff
function are lagged variables, not affected byenitrprivate information shocks. Formally, we assume
(A10) E, (V%) =0

A violation of (A10) would bias the coefficientstiesated due to endogeneity. We can correct for
endogeneity bias in our model using two-step estomaln the first stage, bias correction follows
methods for instruments in discrete choice modelthe second stage, violation of (A9) implies thath
individual agent errors and forecast errors areetated with agent observables. Grouping the éemons
leaves a single error term correlated with obsdeglilo estimate the model, define a set of moment
conditions by matching the best response with tatled best responses and interact the conditiotis wi
instrumental variables. While this method corréetsany potential endogeneity bias it is econoroatly

less efficient in the second stage than maximittiegbest response quasi-likelihood.
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Appendix 2: Modeling Title Price Choices asa Continuous Variable

In our model we make the simplifying assumptiont thaces are discrete. In this section, we
discuss how to model a continuous strategic vagiabtonjunction with release date timing. Profiiab

in a week is given by (10) and (11). To model gsias being continuous we make two assumptions:

(A11) q(xm,pw)and fm(q(xsm,vt,pw))are continuous and differentiable function
Of P -

(A12)  d(Xgruts Psmw) @nd fonue (q(xsm\,\,t psmw)) are quasi-concave in prices.

(A1l) and (A12) are common assumptions on the ffafiction of a firm, which allow the
researcher to formulate first order optimality cibiodis, and guarantee the existence of a unique
maximum. Hence, they are more restrictive than A&); which lead to (L1). The assumed parametric
demand function in our model satisfies both (Alid éA12).

Under (All) and (Al12), the objective function oétfirm is continuous in mixed strategies. As
the strategy space is bounded, mixed strategies @@mpact subset of a Euclidean space. Hence by
Glicksberg’'s Theorem (Glicksberg, 1952), a Nashiltfiyium exists in mixed strategies.

Estimators for the model can be formulated by eithmaximizing the probability of joint
decisions or by minimizing a criterion function. & probability of seeing a joint decision can benidiby
using a closed form analytical solution, or througbmerical simulation. To specify the criterion
function, first take derivatives of (9):

Eanm
OPsmw

0 :
= A0 (Xgnwt » Psrw) +[ A Pamw = VXt ] q(ng”‘ P ) (17)

To obtain first order conditions, take derivativgég10) and substitute results of (17):

d w+M 0
E—7lgw = Z ,BJ WE_”
OPsmw Psmw

Kem (W) (18)

OPsmw

A studio maximizes profits by setting release tigndates and prices. If we assume the existence
of an interior solution, conditional on a set oftefa the first order conditions allow us to spedify
Lagrangian using (18) to find the maximizing prigée difference in criterion function estimatorsaemh
using only discrete controls versus joint contr@@shat while the best response function for tiseréte
levels problem requires the researcher to enumerdtee functions of all strategies, for a continsiou

control, the researcher first enumerates possiitéces of the timing variable, and then conditiooal
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each choice of the timing variable, solve the fingter conditions of the problem to find the maxiimg
price. Neither approach implies a decision hierngr¢he continuous controls algorithm is identicatiby
jointly considering all joint strategic decisionBo allow for boundary solutions, one has to conside
solving the relevant Kuhn-Tucker conditions insteédpecifying a Lagrangian.

Unfortunately, it is computationally expensive tmslate the probability of a release strategy and
to solve using (18) in our model. The derivativeltd demand function is non linear in prices anache
requires numerical minimization. As the maximizimgce is found in the inner loop for every conjeetu
of parameters and for every choice of release dales computation costs outweigh benefits of

implementation in our model.
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Figure 1: Total salesand new releases
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Figure 2: Summary statistic of competition
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Industry Summary Statistic

Figure 3: Competition forecast, 10 weeksinto thefuture

©  Observed Summary Statistic
4 Predicted Summary Statistic

o

Weeks

49



Industry Summary Statistic

Figure 4: Competition forecast, 30 weeksinto the future
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Table 1. Price Regression

Estimate Std. Error
Intercept 3.29E+01 *** 5.82E-01
Weeks Since Release (WR) -3.29E-02 *** 9.09E-03
WR"2 5.61E-03 *** 1.64E-03
WR"3 -2.73E-04 ** 8.45E-05
log(Box Office) 3.72E-Q1 *** 2.74E-02

Signif. codes: 0 ***' 0.001 **' 0.01 *'0.050.1"''1
Multiple R-Squared: 0.2263, Adjusted R-squafe@237
We suppress coefficients for movie characteristieekly fixed effects, distributor fixed effects

Table 2: Coefficientsof DVD Market Share

Estimate Std. Error
(Intercept) -4.060 ** 1.347
Price -0.199 **=* 0.021
log(Price) 1.674 *** 0.342
Weeks Since Release (WR) -0.754 *** 0.026
Inter-release (IR) -0.160 *** 0.019
log(WR) 3.702 *** 0.077
log(IR) 3.724 *** 0.496
log(Box Office) 0.909 *** 0.018
WR*IR -0.0008 0.0009

Signif. codes: 0 ***' 0.001 **' 0.01 *'0.050.1"'"'1
Multiple R-Squared: 0.6019, Adjusted R-squared8015
We suppress coefficients for movie characteristieekly fixed effects, distributor fixed effects.



Table 3: Coefficients of Residual DVD Sales

Estimate Std. Error
(Intercept) 5.31E+00 ** 1.79E+00
Industry Sales (week released) 9.39E-08 * 4.23E-08
Industry Sales (11 weeks after release) -4.74E-08| .79H08
Industry Sales (Average over weeks 13-23) 1.30Ex07 | 4.10E-08
Industry Competition (week released) 1.63E-07 3-07E
Industry Competition (11 weeks after release) 1-68E* 4.62E-07
Unreleased Industry Competition (week
released) 1.59E-05 ** 6.05E-06
Unreleased Industry Competition (11 weeks
after release) 1.57E-05 1.22E-05
Price -5.78E-02 * 2.64E-02
log(Price) 8.21E-01 * 3.66E-01
Inter-release (IR) -1.64E-02 2.58E-02
log(IR) -3.60E-01 7.07E-01
log(Box Office) 9.63E-01 *** | 3.07E-02

Signif. codes: 0 ***' 0.001 **' 0.01 *'0.050.1"'"'1
Multiple R-Squared: 0.826, Adjusted R-squared: 9.80

We suppress coefficients for movie characteristieekly fixed effects, distributor fixed effects.
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Table 4: Coefficients of Release Costs

Estimate Std. Error
Seasonal variation 14.58 *** 9.02E-01
lg(Box Office) -2.65 *** 9.15E-02
Margins
Inter-Release (IR) 23.37 *** 5.13E+00
IR"N2 -6.69 *** 1.04E+00
Seasonal variation 0.17 #*=* 2.81E-02
lg(Box Office) -0.008 . 4.74E-03
Residual Sums
IR 1.90 *** 1.22E-01
IR"N2 0.09 *** 2.49E-02
Seasonal variation 66.71 ** 2.32E+01
lg(Box Office) -14.93 *** 2.52E+00
Fixed Release Costs
IR -222 . 1.32E+02
IR"N2 4292 * 2.11E+01
Seasonal variation 26.68 *** 3.16E+00
IR
lg(Box Office) 272 * 1.12E+00
Seasonal variation -4,29 *** 4 94E-01
IR"N2 lg(Box Office) 0.39* 1.80E-01

Signif. codes: 0 ***' 0.001 **' 0.01 *'0.050.1"'"'1

We suppress coefficients for movie characteristiesekly fixed effects, distributor fixed effects.
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