THE ECONOMIC JOURNAL

NOVEMBER 1996

The Economic Journal, 106 ¢ November), 1493~151+. © Roval Economic Society 1996. Published by Blackwell
Publishers, 108 Cowley Road. Oxford OXy 1JF. UK and 238 Main Street, Cambridge, MA 02142, USA.

BOSE-EINSTEIN DYNAMICS AND ADAPTIVE
CONTRACTING IN THE MOTION PICTURE
INDUSTRY*

Arthur De Vany and W. Davnid Walls

Audiences discover what films they like and spread the word. Informatdon feedback produces
Bose~Einstein dynamics in the motion picture box office revenue distribution. Informaton cascades
generate box office ‘hits” and ‘flops’. The revenuc distribution evolves recursively over the ‘run’
as a mixzure of the ‘opening’ and a stochastc competition among films. The motion picture run
is decentralised, adaptive, and self-organising: semi-stationary admission prices, local information,
and contingency-rich contracts match the film rental price and the supply of theatrical
engagements to demand.

A film is like no other product ...t only goes around once. It is like a parachule jump.
If it doesn’t open, you are dead.
Producer Robert Evans (Litwak, 1986, p. 84)

The hard part about understanding the motion picture industry is coming to
grips with the way demand and supply operate. Film audiences make hits or
flops and they do it, not by revealing preferences ‘they already have; but by
discovering what they like. When they see a movie they like, they make a
discovery and they tell their friends about it; reviewers do this too. This
information is transmitted to other consumers and demand develops
dynamically over time as the audience sequentially discovers and reveals its
demand. Supply must adapt sequentially as well, which means there must be
a great deal of flexibility in supply arrangements. Pricing must be equally
flexible.

The crucial factor is just this: nobody knows what makes 2 hit or when it will
happen. When one starts to roll, everything must be geared to adapt successfully
to the opportunities it presents. A hit is generated by an information cascade.
If supply can ride the cascade, a superstar might be the result. A flop is an
information bandwagon too; in this case the cascade kills the film. The
discovery of preferences, the transmission of information, and state-contingent
adaptation are the key issues around which the motion picture market is
organised. This organisation is supported by adaptive contracts.

In this paper we explore theoretically and (mostly) empirically how demand

* This paper is dedicated to Ross Eckert. We would like to thaak Michacl Intriligator, Boyan Jovanovic,
Steve Lippman, Walter Oi, Sherwin Rosen, and participants of the NBER Conference on New Producss for
comments on an eatlier version of this paper. We alone are responsibie for the paper’s contents.
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and supply dynamics and the path of the distribution of film revenues are
related. What makes the sequential discovery of demand and adaptve supply
difficult to model is the complicated distributional dynamics they can produce.
If there are 50 films playing, how will information flows affect how well thev
do against one another?> As demand unfolds, how will box office revenues
change and how are these distributional dynamics linked to the opening?
How do the dvnamics shape the final distribution of total revenue at the end
of the run? How must supply adapt to support these dynamics? What
mechanisms support this adaptation? These are some of the issues considered
here.!

We model the discovery and transmission of information and analyse the
sequential dynamics of demand under various transmission mechanisms. We
show that a Bayesian demand process leads to Bose-Einstein distributional
dynamics for motion picture revenues. Other processes lead to distributions
such as the uniform, the geometric, the Pareto and Zipf laws, and the log
normal. By testing characteristics of the distribution of film revenues and its
dynamic path during the course of the motion picture run, we are able to gain
an understanding of the nature of the information transmission and adaptive
supply dynamics in this industry. The evidence shows there is positive
information feedback among film audiences that is captured by the
Bose-Einstein process and that the industry’s flexible supply adaptation to this
feedback produces increasing returns. The Bose-Einstein process can produce
information cascades (Bikhchandani et al. 1992}, path dependent dvnamics
(Arthur, 1989), and superstars (Rosen, 1981), all of which are exhibited by
motion picturcs.

We begin in Section I with a discussion of some of the institutional features
of the motion picture industry that are essential to understanding its demand
and supply dynamics. The discovery and transmission of demand information
is modelled in Section II and various processes and their associated revenue
distributions are posed as candidates to be tested against the data. Section I1I
tests the empirical implications of the models of information transmission with
a large sample of motion picture runs in Variety’s Top-30. In Section IV we
examine various aspects of the industry’s contracts and practices in light of our
empirical results and argue that the motion picture run is decentralised,
adaptive, and self-organising — by using semi-stationary admission prices, local
information, and contingency-rich contracts the industry flexibly matches the
film rental price and the supply of theatrical engagements to demand. Section
V concludes the paper.

I. THE MECHANICS OF SUPPLY
Some Examples of Motion Picture Runs and Revenues
To fix some ideas about the motion picture theatrical ‘run’ and how it
responds adaptively to demand, consider some of the patierns relating box

1 We are influenced in this endeavour by Brock (1993) who argues that to come to a real understanding
of distributions one must model the underlying processes and dynamics that produce them.
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Fig. 1. Patterns of film runs. Numeric plotting svmbols indicate rank in Variety's Top-30.

office revenue, the rank or position of a film in the weekly Variety’s Top-50 and
the length of the run of a film in cinemas. In Fig. 1 we show how a few films in
our sample played.® The figure shows the rank, weekly revenue (box office
gross), and week of run for four films: Back to the Future, Krush Groove, Streetwise,
and Pumping Iron. The films shown in the top two panels opened strongly and
played well; they had long runs and high revenues. Back to the Future played 30
weeks in the Top-50; it achieved rank 1 in its first week and held that rank for
over 10 weeks and then declined in rank and box office revenue to the end of
our sample. Krush Groove showed a similar pattern of a high opening revenue
and near top rank followed by a uniform decline of rank and revenue. This
pattern contrasts with films that build revenues over their lives, examples of
which are given in the lower two panels of Fig. 1. These films opened
moderately at low ranks and then began a climb in rank and revenue. Pumping
Iron, Amnold Schwarzenegger’s first film, opened at rank 44, fell to 50, and then
began a steady climb to 18. It ranked in the 20s for a few weeks and then
declined in rank and played off in a few more weeks. Streetwise followed a similar
pattern —a climb in rank and revenue followed by a descent. Most movies
follow neither of these patterns, but all successful ones do. The ‘bombs’ or

% The sample is described more fully in Sectdon I11. In this paper, we consider only the first run of films
playing in domestic cinemas; subsequent ruas, forcign runs, and video and TV runs are not considered. The
domestic theatrical run accounts for about 30% of film rentals. It is an important market in its own right
and stll is important to launching a film.
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failures open poorly (at low rank and revenue) and decline quickly, endin:
their run in just a few weeks.”

Booking and Supply

Once a film is produced, it is distributed to cinemas who ‘exhibit’ it fo
audiences.' The distributor chooses a release pattern—the number anc
location of cinemas in which the film is licensed to play or ‘booked’ — based or
an a priori appraisal of demand. The size of the initial release determines the
number of copies that are required for distribution to each of the cinemas
Bevond that iniual supply, the number of viewers who can see the film car.
grow to the capacity of cinemas. Adjustments in supply are made by expanding
the number of weeks the film runs in the cinemas.

Contracting

The contract to exhibit a film usually requires the cinema to show it for a
minimum number of weeks; 4 weeks is a common minimum, though 6 and 8
week minimums are sometimes used. In addition, the contract conrains a “hold-
over’ clause that requires the cinema to continue the film another week if the
previous week’s box office revenue exceeds a stipulated amount. The contract
also ‘clears’ an area near the cinema were the distributor cannot license the
film to other cinemas.

Cinemas rent a motion picture when they exhibit it. The film rental is a
percentage of the box office revenue which the film attracts at the cinerna. The
typical arrangement calls for the exhibitor to pay go 9, of the cinema’s box
office revenue in excess of a fixed amount that is negotiated as part of the
contact. In addition, the rental rate is subject to a minimum percentage on
total box office revenue (without the fixed deduction). The minimum rental rate
declines over the run; a typical arrangement might be a2 minimum of 70, 70,
60 and 40 9%, of the total box office revenue in the first, second, third and fourth
weeks, respectively. Additional weeks bevond the contract period often go at
40 %, but the go—10 split continues to hold throughout the run for reasons we
will explain later.’

Given these arrangements, the cost to the distributor of expanding the seats
available to accommodate customers is the incremental cost of extending the
run at cinemas another week. This cost is the opportunity cost of booking the
film in another cinema. If the prospective revenues from additional bookings
at other cinemas are sufficiently high, then the print may be moved (at
essentially the same marginal cost of extending the engagement at the present
cinema). The exhibitor and the distributor usually prearrange in the contract

3 De Vany and Walls (1994) show that films have hazard rates that are characteristic of highly stressed
products; there is a sharp peak in the hazard at about 4 wecks.

4 See Kenney and Klein (1983) and Blumenthal (1988) for analyses of the aucdon institutions under
which exhibitors bid for distributors’ films.

% See De Vany and Eckert (1991) for details and an analysis of motion picture exhibition contracs.
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to extend the run whenever the film earns a high revenue in the preceding
week. This is done by specifving a “hold over’ amount of revenue in the prior
week that obliges both the distributor and the cinema to continue the run
another week.

Adaptation

Distributors and exhibitors use box office reports to match supply to demand
over time and geographically. New exhibitors try to book the film if it is
drawing large audiences; they can be added in accord with contractual
commitments to the initial exhibitors and the availability of prints. Distributors
may produce more prints if demand is strong, though this may take some time.
Supply adjusts dynamically to demand through changes in bookings at
exhibitors, and by lengthening the runs at the cinemas where it is booked. As
noted, the decision to extend runs is decentralised to the local cinema were the
film is booked and are made weekly conditional on the revenue earned the
preceding week.

A failure produces a different pattern. Poor box office revenues in early
weeks fail to attract new exhibitors. Poor reviews and negative word-of-mouth
information discourages additional viewers. Exhibitors trv to cut their losses by
dropping the film, though the exhibition contract limits this adjustment. If the
film is bad enough, distributors may even permit the cinema to end the run
before the contract term. In the absence of that drastic action, distributors may
let exhibitors add a sccond feature on the marque; this is an implicit reduction
in admission price, since the admission buys two films rather than one. In the
worst cases, heavily promoted films like Howard the Duck or Last Action Hero, fail
early leaving wounded exhibitors, distributor losses, and broken contracts in
their wake.

A third form of supply adaptation is noteworthv: films not considered to be
suitable for a mass audience, like Piano, Smoke, or Hannah and her Sisters, may be
released in a few cinemas to see if they will catch on. If film-goers like a film and
spread the word, then the audience will grow over time as cinema bookings and
run lengths adjust to positive word-of-mouth communication.

Release Strategies

Release patterns are strategies for acquiring demand information. A wide
release places a film on many screens. This strategy draws a large, simultaneous
sample in many cinemas and cities. A tailored release strategy samples
sequentially, starting at 2 few cinemas and using the informaton from that
sample to adjust bookings if the film builds a following. The risk of releasing a
film widely to many cinemas is that it may play off rapidly, say, in 4-8 weeks.
If it is then dropped by cinemas, many potential viewers will miss it and the
information dynamic that might make it a hit may not get under way. A film
released through the small sample, sequential strategy may capture good word-
of-mouth information dynamics and play 10 or 15 or even 20 weeks in a
varying number of cinemas each week.

© Royal Economic Society 1996
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1. DEMAND DISCOVERY AND DISTRIBUTIONAL DYNAMICS

Given the above discussion of the contracts and release strategies that
support an adaptive supply response, we now turn o the demand discovery
process. Our aim is to examine how information discovery and transmission
determine the dynamics of revenues over the course of the run and how theyv

shape the size distribution of revenue.

Search, Communication and Demand Dynamics

Suppose for the moment that there is just one film and only one person at a
time can see it. Consumers choose in random sequence whether to go 10 the
film or not. If potential viewers share an evaluation of a film’s quality, there
is a common probability p that a randomly chosen person will see the film. If
we let X be the number attending the film, then X is a binomial random
variance such that

pur=p = (()pra=p k=0t (1:

In the simplest case, where consumers share a common, error free evaluation
of a film’s quality, the film’s attendance, run length, and consequently, its
revenues would follow 2 binomial distribution.

The more interesting case is where the quality is unknown and consumers
differ in their evaluation of a film’s quality. Because quality is unknown and
evaluations differ among viewers, p is a random variable. By conditioning on
p and integrating over the binomial distribution, wc get:

1
HX=H=JPM=Hmﬂm¢
0

J: (Z)p"(x —p)"dp

=1/(n+1), k=0,1,..,0 (2)

The last equation shows that each of the n+1 possible outcomes is equally
likely. Uncertainty in the distribution of the personal quality evaluations of the
movie transforms the distribution of run length, attendance, and revenue from
the binomial to the uniform distribution.

To model the information dynamics that produce the uniform distribution,
we consider a sequential Bayesian decision process. A Bayesian film-buff can
rely on information revealed during a film’s run to refine her initial valuaton
to its quality. Suppose a potential film-goer has information about the opinions
of other viewers; this information is not exact and it may include ward-of-
mouth reports from friends, movie reviews, advertising, and information about
how the film is playing that can be extracted from box office reports and/or
crowds at cinemas. Jovanovic (1987) has modelled this kind of information-
sharing and our model is a variation on his.

© Royal Economic Society 1996
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The return to film-goer ¢ is a function of the film’s unknown quality which
depends on viewer type and an unknown parameter § which is common to all
valuations. We assume the benefit to viewer /s

bi=0+e, i=1,..%, 3)

where the ¢, are the personal experiences, modelled as deviations from the
common quality 6, and are assumed to be independently and uniformly
distributed with zero mean. No consumer knows her valuation of the film until
she sees it and experiences its quality 6 +¢;.

The information set available to potential viewer n+1 in the sequence of
potential customersiss, = (f+¢,,0+€,_y, ..., 0 +¢€), where nis the number of
previous trials and each element of the vector is the experienced quality of each
previous trial. The expected return to i conditional on s, is

E(b]s,} = E{fls,)- (4)

If the cost of seeing the movie is common to all movie-goers and equal to ¢, then
a randomly selected consumer on trial n+ 1 will choose to see it if

E{;bndsl I Sn) > (5)
and not otherwise.

Given an unknown 6 and the uniform distribution of ¢, the distribution of
quality of the movie is unknown.® There is a common, but unknown, conditional
probability that a randomly selected person will choose to see the film. This
probability is equal among all consumers who inherit the same information set
because they will all have the same estimate of €, given s, and the expectations
of their s are all zero. Since p is equal for all trials, it can be shown (Ross, 1993)
that the conditional probability that rhe (r+1)st trial is a success given k
successes and r—k failures in the first 7 trials 1s

{(r+ 1) st trial is a success, k successes in first r trials k+1
\ b .
P{k successes in first r trials} r+2

(6)

If the first 7 trials go to the movie, then the next trial will with probability
(k+1)/(r+2) go to the movie. The probability will evolve dynamically over
the run as the discovery process unfolds. The revenue earned by the film in each
week of its run (the trial period in our sample) will reveal information as to the
“true’ probability p and the underlying quality parameter §. The unconditional
distribution of revenue is uniform, but the sequential dynamics leading to the
final outcome will exhibit conditioning of weekly revenues on prior outcomes;
weekly revenues are not independent trials because they reveal informaton
which will cause revenues to be autocorrelated.

¢ This quality search model is equivalent to Rothschild's {1974) model of scarching for the Jowest price
when the distribution of prices is unknown. Lippman and McCall (1976) deal elegandy with this model. In
the price scarch model, the searcher relies oa her previous trials to update; here the distribution of quality
is unknown and a Bayesian searcher relics on the quality reports of the searchers ahead of her to update 6,
the locadon parameter of her distribudon.

© Royal Economic Society 1996
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Demand Dynamics and the Bose-Einstein Distribution

Now, consider the situation when there are m motion pictures playing on s
cinema screens. We allow for the distributor’s booking strategy to incorporate
multiple screen releases for motion pictures with high prior expectations. An
equilibrium booking pattern will be such that the number of screens per motion
picture equalises a priori revenue expectations. Thus, by considering the
distribution of movie goers over screens to be multinomial uniform, we obtain
a Dirichlet prior.” We have only to extend the previous model a little to let the
outcomes be of 5 types. Let there be m movies, then the types are 1,...,5, 5+ 1,
where type i is ‘went to cinema i’ , and type s+1 is “did not go to a cinema
and saw no film’. Denote by X, the revenue at cinema i. The number of type
i outcomes in » independent trials, each resulting in one of the s outcomes is
the vector X = (X, ..., X}).

The Dirichlet is a multinominal uniform distribution whose dynamics have
an urn model interpretation that is natural in the present setting. To develop
the distributional dynamics associated with the conditional choice logic
underlying the process with a Dirichlet prior, we follow Ross (1993) and
compute the conditional probability that the (n+ 1) st outcome is of type j if the
first n trials result in x, type i outcomes where: = 1, ...,5, and 23 x, = n.® Ross
(1993, pp- 118—9) shows this computation leads to

P{(n+1)stisj|x, type iin firstn,i = 1,...,2} = (x,+1)/(n+3). (77

The probability that the (n+ 1) st outcome is type j = 1 depends directly on the
proportion of previous n trials that are type j = 1. Because p is a random
variable, the successive outcomes are not independent and a Bayesian movie
buff gains information about the quality of the movie by observing the previous
trials.

The unconditional distribution of the vector X corresponding to this
dynamic can be shown to be

_ o als=n! _ (ats—1)7 .
P{IYI—XI,...,X,—X‘}—m—{\ 1 ) . (8:

This is the Bose-Einstein distribution. This distribution is uniform, but not in
the way you would usually think of it. The usual way to think of a uniform
distribution of outcomes over s cinemas would be to say that the probability

7 If we asume that the 2 viewers are distributed among the s screens according to probabilides (p;, ....2,],
the multinominal distribution is Dirichlet. The distribution of viewers among films m < sshowing on multiple
screens will also be Dirichlet (DeGroot, 1968). The movie search problem — a search for quality with an
unknown distribution — as similar to the search for price with an unknown distribugion. Viewers who do not
know the distribution begin with a uniform prior and adapt from there. Rothschild (1974) shows that a
saxchu&dnganmkmwnpﬁcedisuibndonhasaDirichletpﬁorifandonlyifhiscxperiencembe
parameterised in exacdy the way we have done it for movie quality searchers. ‘We think this is 2 completely
natural way to characterise information sets for Bayesian film buffs when sereen bookings are set to equalise

ior expectations of revenucs.

¢ This moddl also has a well-known interpretation as an Polya’s Um Model (Ross, 1993, p- 117)-

© Royal Economic Socicty 1996
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~hat a customer will go to any one of them is 1/s5. But, this is according to the

multinominal distribution, not the Bose—~Einstein distribution. In the dynamics
Jeading to the Bose-Einstein distribution movie customers sequentially select
movies and the probability that a given customer selects a particular movie is
proportional to the fraction of all the previous movie goers who selected that
movie.® This is a natural result of the fact that the probabilites are not
known and sampling reveals information that causes previous selections to
attract new ones.

The Bose-Einstein distribution has the property that all of the possible
outcome vectors X are equally likely. This means the vector X in which the
attendance at every cinema is equal to zero is as likely as one in which all  trials
go to only one cinema. Every other vector is equally likely.!® The Bose—Einstein
distribution has uniform mass over a space of s+ 1-vectors of large dimension;
the s-vectors are urns containing the revenues of the s cinemas and one urn
collecting those who go to no film.!! What is important about the evolution of
choice probabilities under the Bose-Einstein choice logic is the way past
successes are leveraged into future successes; as soon as individual differences
emerge among the films, these differences can grow at exponenual speed.
Differences among audiences that emerge at the opening can be compounded by
information feedback through the run into very large differences by the end of
the run. Path dependence from the opening depends on the stochastic evolution
of demand at each cinema. A broad opening at many cinemas can produce
high and rapidly growing audiences; but it also can lead to swift failure if the
large early crowd relays negative information. Even though a film may have
high initial expectations and appear on many screens, it can disappear rapidly
if initial cinema expectations are not met and negative information flows
promote a declining audience.'? The Bayesian choice model and its associated
Bose-Einstein dynamics leads to genuine insights about the movie business.

Demand Dynamics and other Distributions

There are many other information and choice processes that one must consider
as reasonable candidates to explain motion picture revenue dynamics. We
develop a few reasonable alternatives here and indicate how they can be tested

% This diffusion of audiences over films is similar to the process in Brian Arthur’s (1989) model, where
the probability of choosing a product depends on the number who previously chose it, as well as the number
who chose other products: in fact, it suggests that the Arthur modei may generate the Bose—Einstcin stadstics.

19 To obtain the distribution of each film's revenues, we need to consider the prebability that a group of
& cinemas showing film j will contain a toual audience of . Feller (1957) gives this as:

e () (T

11 Consider an audience of just 1,000 film-goers and 49 cinemas pius one ‘did not go® clement to give 2
1 X 50 outcome vector. There are 203 x 10%? possible outcome vectors.

13 Notable examples are Howard the Duck and Last Action Hero two highly promoted films with high
expecrations and lasge initial cinema bookings. Both were gone from the market within a few weeks and
exhibitors who booked at the opening were permitted to double-bill before the term of their exhibidon
contract expired.

© Royal Economic Society 1996
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against the Bayesian model. Continuing to denote the revenue of film i as .X;.
we now indicate revenue at time ¢ as X;{!). We can generate another
distributional dynamic if we assume that the revenue grows at a rate

t) = ol (9

.o at

which may vary systematically or randomly because of challenges from other
films or external shocks to the market. This process leaves the rate of growth
completely free to vary over the course of a film’s run. Total revenue at time
t may be obtained by integrating (g) to get

log X;(¢) = log X,(0) -%—J1 r{) dr. (10}
0
At week ¢ of the run, each of the terms in (10) contributes to the total revenue:
log X;(0) is the contribution of the opening {week o of the run), and Jor (€)Y dr
is the contribution of random factors. If the first term dominates, then the
opening is most important; if the second term dominates, the opening is
unimportant, and stochastic factors that occur during the run predominantly
determine the total revenue the film will bring.

The integral term is the log transformation of the product of independent
random variables (r,(#) 7,(t— 1)), and so is the sum of independent variables. If
the film runs long enough, then according to the central limit theorem, the
integral will be normally distributed. Hence, Xi¢) is log normally distributed.

If the opening exerts influence, there is still a tendency for the revenuc
distribution to approach the log normal, but the final distribution will reflect
the draw X(0) at the opening, taken from some distribution that characterises
opening revenues, and the distribution that sums the stochastic factors over the
run. If we consider the distribution of all movies, it will be a mixture of the
distribution of opening revenue and the distribution reflecting the stochasuc
evolution of demand which tends to a log normal distribution.

If we raise the random variables to a power in the distribution of {10), the
resulting distribution will be normal in the log of the log of revenue. Such a
distribution would be evidence of strong interactions among film-goers of the
form [r,{¢) r;(¢—1)]" .

Another distributional dynamic corresponds to a geometrical splitting of the
audience among films. Suppose films interact in a complex way that expresses
the idea that they competitively preempt one another in a hierarchical manner.
They do this when they all seek to capture a large share of a static audience of
a given size. If the most successful film takes fraction £ of the audience and the
next takes fraction k of the remainder, and so on, then the distribution of box
office revenue will be geometric.!? In this case, the relation berween sales (X)
of film i and its rank with rank R, is approximately

X, =k(1—k)R (11)

13 Schmalensee’s (1978) model of preemption in the cereal marker could produce this market fracdoning
and a geometric share distribution, or the looser log series distribution {sec the next paragraph).

© Royal Economic Sociery 1996
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Hence, geometric market shares, of which constant shares is a special case, will
produce a power law distribution of revenue.!* If the geometric market division
process is not realised precisely, then the distribution will be a slightly modified
geometric distribution called the log series distribution {May, 1983).

Power laws commonly are found in economics. Steind! {1965) found that the
relationship between a firm’s size and it’s rank could be approximated by a
power law. It has been shown that a power law is an implication of a
model in which the growth rate of firms is independent of size (Gibrats law),
and the rate of birth/death of firms is constant.

III. EMPIRICAL BOX OFFICE REVENUE DISTRIBUTIONS
The Data

Our dara are the box office revenues of Variety’s Top-50 motion pictures by
week. The Variety sample is a computerised weekly report of domestic film box
office performance in major and medium metropolitan market areas. These
data follow the revenues of each picture for the duration of its run, starting from
the picture’s-opening and progressing by week throughout its run, or until it
drops off the Top-30 list. Each week, the pictures are ranked by order of their
box office revenue. The number of screens on which each film played and other
information are also given in the data. Our sample includes all the Tradon
pictures to appear in Variety’s Top-30 list from 8 May 1985 to 29 January 1986;
some 300 motion pictures are in the sample.

Descriptive statistics of the sample are given in Table 1. The top four grossing
movies in our sample accounted for 20'5%, of the total box office revenue, and
the top eight grossing movies accounted for 28:1% of the total box office
revenue. In descending order the eight highest grossing movies in our sample
were Back to the Future, Rambo, Rocky IV, Cocoon, The Jewel, The Goonies, The
Colorado, and White Knights. The four lowest grossing films accounted for only
00036 %, of the total box office revenue, and the eight lowest grossing films
accounted for 0-0082%, of the total box office revenue. The highest grossing
film, Back to the Future, had a cumulative revenue of $49.2 million, while the
lowest grossing film, Matter of Importance, had a cumulative revenue of $4,615.
The median box office revenue was $311,284; the mean was $1,918,261; the
5.D. at $4,528,685 was over twice the mean.

Lorenz Curves and Gint Coefficients

We initially quantify the revenue distributions through the use of Lorenz
curves and Gini coefficients. These confirm that the distribution of total
revenues among films and movie distributors is highly uneven. Revenues are
concentrated on a few films, and these hit films are concentrated among 2 few
distributors.

Fig. 2 plots Lorenz curves for the distribution of box office revenues across

3 This form of the Pareto law, whichusannkinstadofthcnumberofﬁrmsabovcaminsizc,is
known as Zipf’s (1949) law.
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Table 1
Summary Statistics of Variety’s Box Office Sample

Variable Obs. Min. Max. Maedian Mean s.D.

Rank at birth 350 1 30 26 2551 1619
Rank at weeks = 2 266 1 50 22 2306 1549
Rank at weeks = 3 232 1 50 24'5 2424 1543
Rank at weeks = 4 9r 1 50 21 2346 14730
Rank at weeks =5 173 1 30 24 2428 1339
Rank at death 300 50 39 3603 1081
Weeks at rank = 1 [ 12 15 2:86 303
Wecks at rank = 2 27 1 4 1 1-48 075
Weeks at rank = 3 30 1 4 1 i3y - 97
Wecks at rank = 4 35 I 3 1 114 043
Weeks at rank =3 33 1 3 1 121 o6o
Wecks in Top-50 300 I 40 4 569 513
Showcases 2,000 1 347 13 53712 7325
Cides 2,000 1 191 K 7 8-08
Weekly revenue (So00s) 2,000 235 10,000 575 33570 68526
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Fig. 2. Lorenz curves: distribution of revenues over films and studios.

movies and distributors. If the revenues were distributed equally, the Lorenz
curves in Fig. 2 would be straight lines from the lower left corner to the upper
right corner. One can readily see that both curves are far below the diagonal,
which would indicate a uniform distribution, and the curve of distributor
revenues is farther away from uniformity than is the Lorenz curve of film
revenues.

The Gini coefficients for the distribution of revenues among films and
distributors are 0-777 and 0'873, respectively; these values indicate a high
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Fig. 3. Parcto distribution of cumulative revenues over fitms.

degree of inequality in the distributions.*® Just 209, of the films earned 80%
of box office revenues; this is such a durable relationship, it has been dubbed
“Murphy’s Law’ after Art Murphy, a well-known industry reporter who has
reported on the business for decades. The distribution of revenues of distributors
is more concentrated than film revenucs: go%, of all the revenuc earned by
distributors was earned by just 10% of the 79 distributors in our sample.'®
Distributors of successful films tended to have several successes and those that
distributed failures tended to have multiple failures or only moderately
successful films. There is no evidence of distributor diversification: hits received
the bulk of the box office revenue and a few distributors had most of the hits.

The Rank—Revenue Relationship

Some of the distributional dynamics we consider as candidates imply the
presence of power laws between rank and revenue; others do not. We can use
the rank-revenue relationship to accept or reject some of the candidate
dynamics. Ijiri and Simon (1974) show that firms have autocorrelated growth
when the plot of log X; against log R, is concave downward.'” This means that
deviations in the concave direction from a log-linear rank-revenue relationship
imply autocorrelated growth.

15 The Gini cocfficient is a measure of inequality of the distribudon of revenues across films and
distributors. It ranges from o to 1, with a value of o indicating equality and higher values indicating less
equality. It is the ratio of the area between the Lorenz curve and this line to the area above the line. Itcan
be computed as 1—2 [} L(x) dx, where L{z) is the equation of the Lorenz curve. To calculate this, the Lorenz
curve was first approximated by a 7th order polynomial using lincar regression;; the R* of the regression was
og992. The estimated Lorenz curve was integrated analytically to obtain the area beneath it

¥ On average, there were 443 films released per disaibutor. The top four distributors made 213 % of the
films in the sample and the top ¢ight made 374 % of the flms in the sample.

17 We know flm births and deaths are not constant (De Vany and Walls, 1994), so we already know

- before we test that we are unlikely to find a power law.
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Table 2
Estimates of the Rank—Revenue Relationship
(Log (revenue) = g, + f. log rank) + 8, {log {rank)]* +4.)

(1) {2) (3) (4) (3) (6)

Weekly by Cumulative by Cumuladve by
Aggregation film film distributor
Regressors
Log rank —17206 018355 -—~19826 21366 —u27222 —03589
(001461  {00435) (o0513) (o'1031) (00787 {o1772)
(Log rank)* — —0y033 — —05299 — —og512
- (0008y) — (00130) — (00329)
Constant 166335 148405 217375 135904 214484 189070
(00923) (00759) (02480} ({o-2004) (02676} (02306}
Weekly dummy Yes Yes — —_ —_ -
variables
R* 08772 09397 08319 09744  0o94bz 09858
Observations 2,000 2,000 300 300 69 69

Note : Estimated s.£. are in parentheses.

Fig. 3 plots the empirical rank-revenue relationship and the fitted Pareto
distribution for our sample of 300 movies. It is clear from the figure that the
rank-revenue relationship is downward concave, which is evidence of
autocorrelated growth in film revenues. To test the rank-revenue relationship,
regressions of the following form were run:

log X; = loga+Blog R, +y(log R))* + 4, (12)

where ., is 2 movie’s revenue, R, is its rank, and x is a random disturbance with
mean zero and finite variance.

If the geometric dynamic and its Pareto law describes the rank-revenue
relationship, then the regression coefficient y should be statistically in-
distinguishable from zero; finding that y = 0 would be inconsistent with the
hypothesis of increasing returns to motion pictures caused by information
feedback. Finding that ¥ is less than zero would be evidence of positively
autocorrelated growth in motion picture revenues. Conversely, if ¥ > o the
rank-revenue distribution is convex downward and we have evidence of
negatively autocorrelated growth.

Table 2 reports the estimates of the rank-revenue relationship for several
levels of revenue aggregation. Columns (1) and (2) report the estimates when
the rank-revenue relationship is estimated across the 50 films in each week’s
sample. The data from the 40 weeks of the sample were pooled and an intercept
dummy was included for each week (except the base week), so there are 2,000
(40 x 50) observations. The hypothesis of a linear Pareto distribution can be
rejected in favour of the alternative of downward concavity: the coefficient on
(log rank)? is negative and statistically significant. Columns (3) and (4) report
the estimates of the rank-revenue relationship where the unit of observation is
the film. There were 300 films in our sample which were observed to fall from
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the Top-50 chart; the remaining films were censored and thus were excluded
from the regression. The rank-revenue distribution clearly shows statistically
significant evidence of downward concavity. The distributor is the unit of
revenue aggregation in columns (35) and (6). As with the other units of
aggregation, the distribution of distributor revenues by rank is also charac-
terised by downward concavity, which is consistent with autocorrelated
growth.

Revenue Distribution Dynamics

We showed that some dynamics can lead to log or log-log normal distributions.
A formal test shows that the distribution of cumulative box office revenues is
not log normal. Table 3 presents several test statistics for log normality, and the

Table 3
Testing Log- Normality of Box Office Revenues

Marginal significance

Test name Test staustc level

Skewness—kurtosis  x* = 22-560 000000
Shapiro-Wilk Z=3018 ooor27
Shapiro-Francia Z = 3468 000026

Note : The hypothesis of 3-parameter log normality could also be rejected ata marginal significance level
of 002,

null hypothesis of log normality could be rejected in each case; we could also
reject the hypothesis of 3-parameter log normality.

To quantfy the dynamics of the revenue generation process, we have
calculated the distribution of revenues across films by the week-of-run (Fig. 4).
The distribution of revenues at the film’s opening (week = 1) is far from log
normal though the distributions appear to converge to log normality. However,
we can statistically reject the hypothesis of log normality for each week-of-run
revenue distribution as well as the end-of-run distribution at the 1%
significance level. Thus, the opening performance is statistically a dominant
factor in revenue generation, although it appears to diminish in importance
near the end of a film’s run.

What we find is evidence of convergence to normality of the log of the log of
weekly revenue among long-lived films. Table 4 shows the marginal significance
level for the null hypothesis that the log of the log of weekly cross is normally
distributed. We can reject normality of log(log(revenue)) for weekly revenues
across movies lasting 6 weeks or less. But, we cannot reject normality of
log(log(revenue)) of films that last beyond 6 weeks. (Note that this test requires
a minimum of eight observations). Normality of log(revenue) is consistent with
normality of the products of random variables, which is how one would expect
information to spread through interaction among member of the populaton of
film-goers. But, normality of the log(log(revenue)) suggests astronger form of
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Table 4
Testing Log-Log-Normality of Box Office Revenues

level

Marginal significance

Week of run -~ -

0°0000
0°0000
0'0000
0'0004
00082
01656
01841
00736
01983
01782
01710
03014
01330
04840
o6o70
o 4625
03060
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distri

1cture revenue

ton p
are generated by power laws. So, beyond a run life of 6 weeks
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that Brock {1993} argues will usually hold in informationally nich economic
environments do in fact hold.

What Information Dynamic Accounts for the Distribution?

From our formal tests we know the distribution of box office revenue is not log
normal; its departure from log normality is in a direction that indicates
autocorrelated growth. There are several processes that could account for this.
Films may be hierarchically dividing up a fixed audience so that revenues
grow geometrically. We rejected the geometric process and the Gibrat law by
formally testing the hypothesis of a geometric revenue distribution and
rejecting it. Film revenues that grow at a constant or geometric rate would
give a linear or nearly linear plot between the log of revenue and the log of rank
and we formally rejected that too. The departure from power law behaviour is
evident in the rank and revenue plots and the formal test of log-concavity of the
log(revenue) versus log(rank) relationship.

We are left with two possibilities that can account for both the dynamics of
revenue and the shape of the end-of-run revenue distribution. One is that
movie audiences are produced by independent stochastic growth factors and an
opening that has a uniform log distribution. This process will exhibit the
required from log normality in the form of a mass point in the upper tail for
those films where the opening is more important throughout the film’s run than
the stochastic factors. But, for this process, the growth in sales should be
random and independent of prior growth. We know this is not true because we
can formally reject independent growth. The other possibility is the one we
accept for now. The best account of the data is given by the Bayesian model
and the Bose—Einstein dynamics.

Information transmission and Bayesian updating give rise to the revenue
distributions and their dynamics. We can account for all their featyres if there
is uncertainty over film quality and information sharing gives us Dirichlet
priors. Then Bayesian updating will produce the Bose-Einstein dynamics. If
the unconditional distribution of film revenues is Bose—Einstein, then they are
maximally uncertain. This is true in three senses: one, the Bose-Einstein
distribution is uniform and maximally uncertain if measured by entropy,
mean-preserving spreads, or stochastic dominance. Two, the space of outcomes
is vast and consequently each outcome is highly unlikely. Three, the
Bose-Einstein distribution is uniform but in a counter-intuitive way that masks
the real uncertainty it implies. A uniform distribution of outcomes suggests that
the probability that a customer will go to any one of m films is 1/m. But, this
is multinominal choice logic, not Bose-Einstein choice logic. In the information
and choice dynamics that lead to the Bose-Einstein distribution customers
choose movies in proportion to the previous film goers who selected that movie.
When revenues are Bose—Einstein distributed, outcomes which differ in the
extreme are equally likely and similar outcomes are extremely unlikely - this is
the quintessential characteristic of the movie business.
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IV. EXPLAINING THE INDUSTRY

How do these results explain the way the industry operates? How do its
contracts and practices adjust the supply of theatrical engagements to capture
the demand processes that seem to be operating here? Since the choice
probabilities evolve during the run, and they are not known beforehand,
dynamic optimisation in this context must essentially be adaptive. In this
section, we discuss industry practices and institutions from this perspective.

Launching the Opeming

Stars, and large production and advertsing budgets can place a film on many
exhibitor screens when it opens. This can generate high initial revenues in total,
if not in each cinema. If viewers like the film and spread the word, it will earn
high revenue in the following weeks. But, if viewers do not like the film, the
large opening audience transmits a large flow of negative information and
revenue may decline at a rapid rate. A wide release is vulnerable to negative
feedback. Because a wide release lowers the gross revenue per cinema,
exhibitors may drop the film sooner than they would drop a less widely released
film. Thus, widely released films show more variance in the revenues and, on
average, shorter run lives (De Vany and Walls, 1994). A major star-studded film
may earn advance distribution fees from foreign and the post-theatrical
market. The willingness of exhibitors and downstream sources of revenuc like
cable television, VCR distributors, pay per view and network television as well
as foreign distributors to pay advance guarantees for motion pictures before
their theatrical run is a2 major inducement for distributors to produce big
budget films and promote them heavily; for such films, the cinema market
(which we have studied here) can be less important than these other sources of
revenues. There is a certain irony here. Some stars and films earn so much
from foreign distribution rights that third world motion picture tastes may play
a large role in determining the kind of films seen in US cinemas.

Adaptive Contracting

A difficult problem to solve contractually is how to keep a film on screens long
enough for it to build an audience. If an exhibitor takes such a film, it is on the
risk that it may build so slowly during his run that only exhibitors who show
it later will benefit from information feedback. The Paramount Consent Decrees
bar cinema ownership by the major distributors; they also bar franchises,
extended clearances in time and location, blind-selling (booking a film before
the exhibitor has seen it), and long-term contracts. Because the decrees bar
long-term, exclusive showings, they make it difficult to guarantee that the first
exhibitor who took the risk of introducing the film will benefit if the film later
becomes a success (De Vany and Eckert, 1991). When the audience grows
recursively, as the evidence suggests, then the Paramount contracting
restrictions prevent risk-taking exhibitors from capturing the demand
externality which they helped to make. The effect of the Paramount
prohibitions is to restrict the gateway to cinema screens, allowing fewer films
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that would appeal to smaller and more sophisticated audiences to pass through
the gate.'®

Admission Pricing

One industry practice, widely followed though not encoded in contracts, is to
use relatively inflexible admission prices to reveal excess demand and to adjust
to demand by lengthening the run. Prices rarely are raised even when excess
demand is revealed.!® A relatively stationary admission price combined with a
count of admissions gives a reliable signal of demand, and this signal is
transmitted throughout the industry by real time reporting of box office
revenues. This reporting is required in the exhibition contract and encouraged
by other means as well.* Demand is accommodated by lengthening the run
rather than raising the price and this is accounted for by the model of
information transmission. If, at the first sign of excess demand, the admission
price were to be increased, the number of people who would see the film in the
opening weeks would fall and this would reduce the flow of information from
this source to potential viewers. This lower rate of information transfer would
lead to a shorter run and a lower total level of demand. The ability to extend
the run makes an almost perfectly elastic supply response possible, so that price
need not rise to choke off excess demand.*!

The optimal admission price must trade off price and run length so as to
maximise total revenue in the context of ignorance, not merely uncertainty, of
demand. Charging a higher price will shorten the run and reduce the transfer
of information; this strategy may capture only a fraction of the demand that
eventualiv will be captured in the adaptive run so successfully used in the
industrv. Because motion pictures have short lives all adaptations must be
made quickly and are of a short run nature.* Inflexible admission prices lead
to a pure quantity signal and an adaptive supply response which seems ideally
suited to the problem of discovering and responding to demand.

18 Smith and Smith (1986) analyse film rental champions released before and through the 1950s. during
the 1g60s, and in the 1970s for evidence that the characteristics of successful films have changed. The
Paramount Decree of 1949 made the vertically integrated studios divest their cinemas and altered
contracting in the 1950s and after and could have changed film characteristics along the lines we describe
in the text.

¥ [t is not uncommon for exhibitors to restrict passes and discounts in the opening wecks, or even for the
exhibition license to require it; this raises prices before demand is revealed for what usually is the period of
highest demand. Bu, if the film is playing poorly. passes and discounts or even double billing are used to
lower the effective admission price.

20 Because film rentals are based on box office revenues, distributors will usually earn less rental if a cinema
lowers its admission price. Moreover, exhibitors can reduce the film rentals even while increasing their total
carnings by manipulating admission prices. A stationary price overcomes some of these disadvantages. See
De Vany and Eckert (1991) and De Vany and McMillan (1993) for a discussion of how the industry deals
with information and incentive issues that arise in reporting revenues.

1 A similar mechanism is used in pricing Broadway plays. A large price increase after a successful opening
chokes off the information dynamics and shortens the run, which undercompensates the artists who are paid
by the week. The demand dynamics and compensation of artsts makes a stationary price and adapdve run
the most effective way to supply Broadway plays and compensate artists.

# Jf there were a permanent and recognised increase in the demand for motion picrures, admission prices
would risc generally at cinemas throughout the industry. We are dealing here with the pricing of imperfect
substitutes in the short run, a situation for which flexible prices with some form of quantity rationing, like
delivery lags or queucs, are well-suited. See, Gordon (1981) for a discussion of the general issues, Carlton
(1978) for an analysis of delivery lags, and De Vany (1976) for an analysis of queuing.
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Rentals

The contingency-rich exhibition contracts used in the industry are highly
adaptive: they rely on locally generated information; they set the rental fee in
a precise and non-linear way in response to demand; they share risk between
exhibitors and distributors; and they create incentive for exhibitors to show
films by granting 2 measure of exclusivity, although this is limited in scope by
the Paramount Decrees. The rental price adapts precisely to the state of
demand. It is usually calculated as a percentage of box office gross, as we said
in Section I, so the rental varies directly with demand. But, very high demand
will trigger a switch from the minimum percentage, which may be 40 or 70%
depending on the week of the run, to go %, on the amount in excess of the fixed
amount. The rental schedule is non-linear and has higher rates at higher
grosses. Yet, in line with the declining revenues during the descent in rank and
revenue that always occurs sometime in the run, the minimum percentage
rental rate declines with the week of the run. This offsets the rising hazard the
exhibitor faces as the run continues (De Vany and Walls, 1994).

Decentralisation

Each film’s run through the market is sequential in order to exploit information
dynamics. The run is self-organised because it decentralises the decision to
extend the run to each cinema and uses only local information to extend or
close the run at each location. The initial release is modified over time through
this process and new engagements can be added subject to prior contractual
obligations. These contractual features interact to adaptively capture revenue
and generate strongly increasing returns from highly successful films. They help
to create the Bose—Einstein distribution because they adapt sequentially to let
exhibitors and the distributor ride the information cascade (up or down).
When the cascade is headed in the right direction, the supply response is
flexible enough for some films to ride the cascade to superstardom.

V. CONCLUSIONS

We have tied the information dynamics of motion picture audiences to the
dynamics of the distribution of motion picture weekly box office revenues for
the top 50 films. Our results show that weekly revenues are autocorrelated: a
film which recently experienced increasing revenues is more likely to experience
additional growth than a film which experienced growth in the distant past.
The end-of-run or total revenue distribution for motion pictures approximates
a mixture of an opening distribution and a log normal distribution, suggesting
that if the film runs long enough it may acquire an independent life. Yet, the
distribution never quite reaches log-normality; it has fatter tails than the log
normal and mass points at the far right, where the superstars are located. Films
that show extraordinary staying power exhibit power law behaviour in the
extreme tail of the revenue distribution. The Bayesian information dynamics
that gives the best account of the evolution of revenues is one that leads to the
Bose-Einstein distribution.
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The strong evidence supporting the Bose-Einstein distribution points to the
stark uncertaintv facing the motion picture industry; the space of outcomes in
which the 50 films vying for audiences in our sample can evolve is of staggering
dimension and the dvnamics evolve unpredictably. Star vehicles may have
higher initial expectations, but booking patterns and information dynamics
produce highly unpredictable distributional dynamics and uneven revenues.
The brief tenure of studio heads and the wide use of artist participation
contracts is consistent with the profound uncertainty implied by our empirical
findings.?® Neither genre nor stars can guarantee success and a disaster can
bankrupt a studio.*

Even though the motion picture industry exhibits profoundly the properues
we have modelled, there are many other industries for which the model and
statistical methods would seen to be appropriate: other entertainment
industries such as television, music, and book publishing might be usefully
modelled in the framework we develop here. In addition, the sequenual
dynamics of innovation and demand discovery in many industries where
information sharing and Bavesian demand discovery are at work may exhibit
the Bose—Einstein process. The recursive generation of demand and adapuve
supply and pricing that are the primary ingredients of our approach seem 10
be fundamental elements of many models that focus on distributional dynamics,
information diffusion, superstars, and path dependence.

The industry’s organisation and contracts make sense in the uncertain and
dynamic environment of the motion picture industry. The adaptive run seizes
opportunities to expand supply and adjust prices sequentially using local
information and decentralised decision making to do it. This adaptive response
is encoded in industry contracts and institutions; it is the mechanism that lets
supply follow path-dependent demand sequences to capture box office revenues
and make the highly irregular distributions we reported here. The industry’s
market institutions and sophisticated contracts promote the information
dynamics that discover extraordinary motion pictures and let supply and
pricing adapt to capture the strongly increasing returns they create.

University of Califorma, Irvine
University of Hong Kong
Date of receipt of final typescript: March 1996
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