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1 Introduction

The relationship between the size of a market and the competitiveness of the market
has been of long-standing interest to IO economists. Empirical studies have used
the relationship between the size of a geographic market, measured as market pop-
ulation, and both the number of firms in the market and the average sales of the
firms to indirectly draw inferences about the degree of competition in the market. A
second line of inquiry has relied on dynamic models that make predictions about how
the impediments to new firm entry, such as the magnitude of sunk entry costs, affect
the patterns of firm turnover in order to infer the extent of competitive pressure
from potential entrants. In this paper we estimate a structural model of firm entry
and exit developed by Pakes, Ostrovsky, and Berry (2004) that can sort out three
separate components of the competitive process. Using the model we can identify
the effect of an increase in the number of firms on the profits of firms in a market,
and the magnitudes of entry costs and firm scrap values that are key determinants
of the degree of firm turnover.

We use the empirical model to analyze the entry and exit patterns of establish-
ments in two medical-related service industries, dentists and chiropractors. Using
micro data collected as part of the Census of Service Industries, we measure the
number of establishments and the flows of entering and exiting establishments for
more than 750 small geographic markets in the U.S. at five-year intervals over the
1977-2002 period. In addition to measuring the entry and exit flows, we are able to
measure the average revenue and average profits of establishments in each geographic
market and year. We use this data to estimate a three equation model that describes
establishment profits, the rate of entry, and the rate of exit across the geographic
markets and time periods. Preliminary results indicate that the direct effects of an
increase in the number of establishments on average profits are not strong. The
effect is statistically significant in the dentist industry, but has the expected negative
effect in only the largest markets. The relevant parameters are not statistically sig-
nificant in the chiropractor industry. Overall, it appears that most markets do not
have significant competitive effects resulting from an expansion in the market size
and number of producers. This could reflect a competitive effect that diminishes
rapidly with increases in the number of firms, so that most markets we observe have
converged to competitive outcomes. The entry cost and scrap value parameters are
statistically significant for both industries and the magnitudes of the entry costs are
fairly large. Overall, the model estimates provide support for the view that fully
dynamic models are necessary to analyze industry entry and exit patterns.



The next section of this paper summarizes the empirical literature that focuses on
the number of firms or entry/exit patterns in order to infer the degree of competition
in a market. The third section summarizes the theoretical and empirical model of
entry and exit developed by Pakes, Ostrovsky,and Berry (2004) that we estimate in
this paper. The fourth section summarizes our data focusing on the measurment of
entry and exit, profitability and the number of potential entrants in each geographic
market. The fifth section reports the patterns of profitability and turnover in the
dentist and chiropractor markets and econometric estimates of the profit function,
entry cost distribution and scrap value distribution for each industry. The final
section summarizes the paper and discusses area that require further work.

2 Market Size, Entry, and Exit

One line of inquiry in the empirical literature on entry and exit has focused on draw-
ing inferences about market competition from observations on the number of firms,
the average size of firms, and exogenous measures of market size (such as popula-
tion). In a series of papers Bresnahan and Reiss(1987, 1991), developed the insight
that, if entry of additional firms into a market compresses the average markup of all
firms in operation, then the market size needed to support an additional firm will
be larger than if this competitive effect was absent. Alternatively, markets with
more firms would also have a larger average market size per firm. Using data on
the number of firms and population for a cross-section of geographic markets in five
different service and retail industries, Bresnahan and Reiss found that there was a
positive correlation between the number of firms and population per firm over the
range of approximately one to three firms in the market. As the number of firms
increased beyond three, population per firm became constant and they interpreted
this as evidence that the competitive effect of additional firms on average markups
was exhausted. Campbell and Hopenhayn (2002) extended this insight, and studied
the implications of increased market size on the average size of firms in the market.
If larger markets are more competitive and hence have lower markups, then average
firm size will be larger because the firms must sell more output to cover their fixed
costs. Using cross-sectional data for geographic markets in 13 retail industries, they
found that average firm size is larger in markets with larger population, which they
interpret as evidence that there is a competitive effect of an increase in the number
of firms. In contrast to Bresnahan and Reiss, they find that this competitive effect
persists even when there are a large number of firms in the market.



Both of these papers are similar in that they focus on long-run equilibrium dif-
ferences in the number of firms across markets with different populations. They
also treat all firms within the market as homogeneous. Several papers have gen-
eralized the homogeneity assumption while maintaining the focus on differences in
the equilibrium number of firms across markets of different size. In his study of
airline markets, Berry (1992) allows for differences in fixed costs across firms and
models the number of firms as a function of market and firm characteristics. He
finds that average firm profits are negatively affected by an increase in the number
of producers. Mazzeo (2002) and Seim (2002) both allow for different degrees of
product differentiation across firms within the same market. Mazzeo models the
number of high-quality and low-quality firms in a market and finds significant own
and cross-effects of the number of firms of each type on the average profits of each
type. Seim allows firms to differ in their geographic location within the market
and studies the location decision of new firms. She finds that increasing distance
between firms insulates them from the competitive effects.

One common factor that characterizes these studies is that they are all two-period
models. In the first period each potential entrant makes a decision to participate in
the market and then profits are realized in the second period. This framework misses
the dynamics of the entry and exit process, particularly the simultaneous entry and
exit that characterizes firm behavior in most industries. (see Dunne, Roberts, and
Samuelson (1988) and Dunne and Roberts (1991) for evidence from U.S. manufactur-
ing and Foster, Haltiwanger, and Krizan (2001) and Jarmin, Klimek, and Miranda
(2003) for nonmanufacturing. Theoretical models that focus on the entry and exit
process have been developed by a number of authors including Jovanovic (1982),
Lambson (1991), Hopenhayn (1992), and Ericson and Pakes (1995). These models
share the feature that the participation decision for incumbent firms differs from the
decision for a potential entrant. When deciding to remain in operation, incumbents
compare the expected sum of discounted future profits with the scrap value they
would earn by liquidating the firm. In contrast, potential entrants compare the
discounted future payoff from entering with the sunk entry cost they must incur at
the time of entry. This distinction, which is based on the fact that the entry cost
is irrelevant for incumbent producers but not for potential entrants, has important
implications for the way that market structure, particularly the number of firms,
responds to exogenous factors that change profits.

The presence of the sunk entry cost, particularly when combined with uncertainty
about future market conditions, gives rise to hysteresis in market structure (Dixit



and Pindyck (1994)). For example, suppose there is an exogenous increase in market
demand that raises profits sufficiently to induce potential entrants to pay the sunk
cost and enter the market. If the market demand and profits then return to their
initial levels those new firms may find it profitable to remain in operation rather than
exit. The number of firms thus responds asymmetrically to changes in demand or,
equivalently, the history of market structure, and not just current and future profit
determinants, matters in explaining the current number of firms. This insight was
incorporated into an empirical model of the number of firms by Bresnahan and Reiss
(1994). Using data on the number of dentists operating in small geographic markets
at two time periods, they found that market history was an important determinant
of the number of firms, which is consistent with the sunk cost-hysteresis framework.!

Empirical models of firm entry and exit that are based on a fully dynamic frame-
work must incorporate information on the scrap values faced by incumbents and the
sunk costs of entry faced by potential entrants, as well as the profits earned by each
participant in the market. There are very few empirical papers that have attempted
to quantify these important variables. Das (1992) studies the closing decision of
cement kilns and jointly estimates the operating profits, fixed costs, and scrap value
of a kiln in a dynamic structural model of production. Her framework also allows
for heterogeneity in profits at the level of the individual kiln. Das, Roberts, and
Tybout (2002) estimate a dynamic, structural model of a domestic producer’s de-
cision to enter the export market. They estimate the distribution of sunk entry
costs faced by potential entrants as well as the exporting profit function where the
latter depends on both observed and unobserved sources of heterogeneity. They
show how the entry costs affect the use of the entry/exit and quantity margins as
the source of adjustment in an industry’s export supply. While both of these models
estimate these important dynamic parameters, they treat each firm as a price-taker
in a competitive environment and do not incorporate any competitive effects of entry.

Most recently, Pesendorfer and Schmidt-Dengler (2003) and Pakes, Ostrovsky,
and Berry (2004) have developed methodologies for estimating fully dynamic mod-
els when markets are imperfectly competitive. Pesendorfer and Schmidt-Dengler

'When it is also recognized that firms within an industry may be heterogenous in their underlying
productivity or profitability, as the theoretical models referenced above do, then the presence of
sunk costs has other implications for the size distribution of firms, the distribution of underlying
productivity, and the productivity differentials between surviving and failing firms. Some of these
implications of the sunk cost framework are examined empirically in Aw, Chung, and Roberts
(2003).



use their methodology to estimate entry costs and profit functions for several retail
industries. In this paper we utilize the model developed by Pakes, Ostrovsky, and
Berry and apply it to data on the entry and exit rates of dentists and chiropractors
across a large number of geographic markets. The goal is to estimate the competitive
effect of an increase in the number of firms on average profits in a market, as well as
parameters describing the distribution of sunk entry costs and firm scrap values.

3 A Model of Entry, Exit, and Profit

3.1 Theoretical Model

In this section we outline the dynamic model of entry and exit developed by Pakes,
Ostrovsky, and Berry (2004). Using this model we will estimate the distribution of
firm-level scrap values, the distribution of firm-level entry costs, and the firm’s profit
function. The latter gives the average profit earned by a firm in the market as a
function of the number of firms in operation and market size.

The description of the model begins with a description of an incumbent producer’s
decision to exit or remain in operation after the current period. The payoft from
exiting is the profit earned this period 7(n, z; 0) plus the discounted scrap value they
earn by exiting next period d¢. In this case n is the number of incumbents in the
market at the beginning of the period, z is an exogenous profit shifter that evolves
as a finite-state Markov process, 6 is a vector of profit function parameters, J is the
discount rate, and ¢ is the scrap value of the firm, which is treated as a random draw
for each firm from an underlying distribution. The incumbent compares this with
the sum of current profits and the continuation value from remaining in operation
next period. The payoff from the incumbent’s discrete exit/continue decision can
be expressed as:

V(n,z;¢,0) = max{n(n,z;0) + d¢,m(n, z,0) + 6VC(n, 2 0)} (1)

where VC is the expectation of the next period’s realized value function. The expec-
tation is taken over the possible number of exits x, entrants e, profit shifter z, and the
scrap value ¢. Defining p(e, z|n, z, x = 1) as the incumbent’s perceived probability
of the number of entrants and exits given the incumbent itself is continuing, then
VC can be written as:
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Each potential entrant faces a decision to enter at the start of the next period.
The payoff from entering is:

E(n,z;0) ZZ/ Vin+e—x,2;¢)pdd)p(e,xn, z,x = 1)p(z']2)  (3)

Similarly, p®(e, z|n, z, x = 1) is defined as the perceived probability of the number
of entrants and exits given that the potential entrant enters. The potential entrant
enters if its value of entry is larger than its entry cost s:

SVE(n,z,0) >k (4)

Under a few additional assumptions, Pakes, Ostrosky, and Berry characterize a
Markov Perfect equilibrium in this model. They assume that ex post entry profit
for each firm only depends on the number of firms and the common profit shifter in
the same market. Thus all firms in a market are identical in their level of profits.
Profits can differ across markets as a result of additional idiosyncratic shocks as long
as the shocks are 7.7.d.. Further, the sunk costs and scrap values are 7.7.d. over time
and across markets. Incumbents and entrants know these distribution and their own
realizations, but do not know the realizations of their competitors. Finally, they
specify the distribution of the scrap value to be an exponential distribution with
parameter o. They show that the continuation and entry values VC(n, z;0,0) and
VE(n,z0,0) at the state (n,z) can be written as functions of current profits, the
probability of exit, and the transition matrix for future states. Specifically, in matrix
form, the continuation value for a firm is:

VC(0,0) = MJm(0) + 6op™] + M.V C (6, 0) (5)

where M., is the incumbents’ perceived transition probabilities for the state variables
(n,z) and p® is the probability of exit for each state. Solving for V' C(0) gives:

VC(0,0) = [I—6M.) *M[r(0) + 6op”] (6)

Notice that the value of continuation depends on both the parameter o that charac-
terizes the distribution of scrap values and the set of profit function parameters 6.



They derive a similar equation for the value of entering:
VE(0,0) = M.(m(0) +0VC(0,0) + dop”) (7)

where M, is the potential entrants’ perceived transition probabilities for the state
variables.

The assumption of an exponential distribution for the firm’s scrap value is crucial
to writing V' C' in this recursive structure. The great advantage of this formulation is
that, given estimates of M., M, p®,and m we can calculate the value of continuation
and entry without solving the dynamic entry/exit game. This greatly simplifies
estimation of the model as developed in the next subsection.

3.2 Empirical Model

The goal of the empirical model is to estimate the vector of profit function parame-
ters 6, the parameter describing the exponential distribution of scrap values o, and a
parameter a describing the distribution of entry costs. We will utilize a panel data
set for a cross-section of approximately 750 geographic markets over 5 time periods.
The state variables are the number of establishments in operation n and the level
of population z in the market/year observation. Pakes, Ostrosky, and Berry (2004)
develop several two-stage estimation methods for the the scrap value and entry cost
parameters, assuming that the profit function parameters are known. Our estimator
is a straight-forward extension of one of their estimators that includes estimation of
the profit parameters as well.

The first step of their estimation method is to estimate the probability of exit
p*(n, z) and the two transition matrices M.(n, z)(n’, 2’) and M.(n, z)(n',2’). All of
these can be estimated by discretizing the values of the state variables (n,z) and
calculating the empirical exit rates and transition frequencies from the market-level
panel data.

Define the number of market-year observations observed in the discrete state
(n,z) as T'(n,z) = {t : (ny, 2;) = (n, z) }.Consistent estimators of the three matrices
can be constructed from the observed number of exits and transition patterns for
each state. The estimators are:

p(n,Z)——hT(n’z) > . (8)

teT (n,z)
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Equation (9) is very intuitive as it describes an incumbent’s probability of transiting
from state (n,z) to state (n',2’), conditional on not exiting in state (n,z). Simi-
larly, (10) describes an potential entrant’s probability of transiting from state (n, 2)
to state (n,2’), conditional on entering in state (n,z). All of the estimators above
converge to the true value provided that 7'(n, z) — oo.

(10)

Using these first- stage estimators we can now construct estimates of the entry
and continuation values V'E and VC by substituting them into equations (6) and (7)
above. Given an estimate of the discount rate ¢, only the profit function parameters
¢ and the scrap value parameter oare unknown in equations (6) and (7).

The second stage of the estimation method estimates the parameters of the profit
function, scrap value distribution, and entry cost distribution. Denote I' = (6, 0, a)
as the full parameter vector to be estimated. We assume that the profit function for
all firms in a market in state (n, z) can be written as:

m(n,z) =6y + 60124 0an + 05(2/n) + € (11)
The idiosyncratic shock ¢ is i.i.d. both across markets and over time.

Given the assumption that the profit function is linear in the parameter vector 0,
then both V£ and VC are linear functions of the parameters 6 and 0. Given a set
of parameter estimates for # and o, we construct VC(6,0) and V E(f,0) from the
first step. The predicted probability of entry and exit for a market in state (n, z) is:

P.(n,z) = F5(VE(n,z)|I") (12)
( z)=1-— Fd’(VC(n 2)|T") (13)

9



Estimation will be based on a comparison of the profit, equation (11), proba-
bility of entry (12), and probability of exit (13), predicted by the model, with the
average firm profit, entry, and exit rates observed in the data. We use a method of
moment estimator that minimizes the difference between actual entry and exit rates
and profit levels and the ones predicted by the model at each data point.

The moment conditions we use are:

B(Py(n, 2) — (
(profzt — profzt
cov(PAx(n, z) — Pp(n,2), z
cov(P.(n,z) — P.(n, z), z

2)
2)

)
)
)
)
)
cov(profzt — profit, z)
cov(P (n,z) — Pp(n,z),n) =
COU(P (n,z) — P.(n, z),n)
cov(profzt — profit,n)
cov(PAx(n,z) — P.(n,z),z/n)
cov(P.(n,z) — P.(n,z),z/n)
cov(prof@t —profit,z/n)

S O O O O O o o o o o o

(14)

Pakes, Ostrovsky and Berry (2004) propose a set of possible estimators using
different combinations of first and second stage procedures. However, in our Monte
Carlo experiments as well as theirs, using the empirical Markov matrix in the first
stage and a method of moment estimator in the second stage always tends to per-
form the best. Another feature to notice for our model is that we use 12 moments to
identify the scrap value/entry cost parameters (o, a) and profit function parameters
0 simultaneously, while in Pakes, Ostrovsky and Berry (2004), they only use the first
two moments to exactly identify (o, a). The motivation behind this is that profits
could have additional idiosyncratic shocks that are not observed by the econometri-
cian, so to estimate the profit separately is not as efficient as to estimate it together
with the dynamic parameters.

Obviously, there are limitations of the model when we apply it to real world data.
There is no firm heterogeneity within a market except for the i.i.d scrap value shock
for incumbents and the i.i.d. entry cost shock for potential entrants. Different market
observations (over time or cross-sectionally) with the same (n, z) can only differ in

10



the level of profits due to idiosyncratic shocks. There cannot be any serial correlation
or geographic correlation in the profit shocks across observations. In particular, this
rules out market-specific component in the profit function error.

3.3 Simulation of the Model

To assess how well this method of moments estimator is likely to perform, we conduct
a small Monte Carlo experiment before we apply the estimator to actual data.

We assume the current profit is determined by the profit function in equation
(11). The exogenous profit shifter z represents market size and is assumed to follow
a first order Markov Process, 211 = p(1 — p) + pz: + u; and w; is 4.i.d normal with
zero mean and standard deviation v. The parameters (i, p, V) are chosen to match
the empirical log population process we observe across the market. We then use
"Tauchen’s Method" to discretize the state space. Further, the entry cost x follows a
chi-square distribution with parameter a and the scrap value ¢ follows an exponential
distribution with parameter 0. We also assume that the maximum number of firms
ever active in a market is N and that in each market there are always £, potential
entrants.

Below is a detailed parametrization of the simulation model:

) discounting rate 9
N max number of firms 30
Zn  grids for demand shocks 15
Ep potential entrants )
4 intercept of demand process 13
p persistence of demand 975
v s.d of demand process .35

We use this model to generate data for a cross-section of 750 geographic markets
over 5 time periods. This mimics the size of the data set we will use to estimate
the model for the dentists and chiropractors. We choose the parameter values to
replicate the average values of profit, number of firms, entry rate, and exit rate in
the actual data. It also replicates the high degree of persistence in market size that
is present in the data.

11



The following table shows the estimation results for 100 monte carlo repetitions:

Parameters True Value Mean estimates Standard deviation
over repetitions over repetitions

o 2 1.866 0.1572
a 4 3.791 0.2395
0, 0.001 0.002 0.0032
0 -0.00059 0.00002 0.0017
03 -0.0068 -0.0018 0.0144
constant 0.1187 0.0862 0.0432

We also report the average value of profit, value of continuation, value of entry,
probability of entry and exit and their predicted values below:

average value average predicted value

profit 0.1141 0.1129

value of continuation 3.8203 3.5354
value of entry 3.8202 3.5526
probability of entry 0.5131 0.5131
probability of exit 0.1463 0.1452

Although we have only a small number of simulations, the results indicate that
the scrap value and entry cost parameters are both within one standard deviation
of the true values. The profit function parameters, however, are not very precisely
estimated. We will come back to this issue in the estimation results below.>

2Pakes, Ostrovsky, and Berry (2004) perform a number of simulations of this two-step method of
moments estimator treating the profit function parameters as fixed. The estimator very accurately
reproduces the true values of the scrap value and entry cost parameters. We have conducted other
simulations using different values for the profit function parameters 6 than the ones reported here.
The ability of the estimator to reproduce the true 6 depends on the magnitude of the parameters.
When we used larger values for the 6 vector, the estimator was very accurate. We have reported
these simulation values because the parameter values are close to the magnitude we observe for the
estimated profit function. We are conducting further tests to better understand the imprecision of
the estimator when the values of 6 are small.

12



4 Data

4.1 Definition of the Market

The data used in the analysis come from US Census Bureau’s Longitudinal Business
Database (LBD). The LBD contains panel data on all employers in the United States
from 1977 through 2002. In this paper, we focus on the measurement and analysis
of the entry and exit dynamics in two health care related industries, dentists (SIC
8021) and chiropractors (SIC 8041). We chose these industries because they provide
their services in relatively small local markets and because there are external data
sources available that allow us to construct a number of different measures of the
pool of potential entrants based on occupational and licensing data for dentists and
chiropractors.

Throughout the paper, our analysis is limited to the years in which a Census
of Services is undertaken - 1977, 1982, 1987, 1992, 1997 and 2002. We restrict the
data in this way because we require data on the revenue and costs of establishments
and these data are only available in the years in which a Census is undertaken. All
establishment-level geographic and industry coding variables used in the definition
of markets are taken from the Census of Services data as well.

In order to model the entry and exit behavior of local service industries, we focus
our attention on small and isolated markets. We first identified a set of relatively
isolated geographic markets by examining maps and locating cities and towns that
are away from large population centers. This is similar in spirit to the approach
taken by Bresnahan and Reiss (1991). The original list contained roughly 1000 lo-
cations in the 46 contiguous states excluding California and Rhode Island. We then
matched this list of cities and towns to census geographic codes at the place level
and merged them with place-level population data from US Census Bureau.? From
this list, we identified a set of smaller markets (populations less than 50,000) with
consistent place coding in the Census of Services over time. This resulted in a set
of 764 census places that will be the basis for the analysis in this paper. The geo-

3To construct estimates of the population in each place in 1977, we utilize data from 1970 and
1980 Decennial Censuses on population by place and interpolate the 1977 place-level population.
For 1982, we use data from the 1980 Decennial Census and the 1986 County and City Data Book to
interpolate the place-level population in 1982. For 1987, we interpolate the place population using
data from the 1986 County and City Data Book and the 1990 Decennial Census. For the remaining
years, we use the place-level estimates produced by the US Census Bureau Population Estimates
Program.

13



graphic markets represented here cover a much wider range of market sizes than in
the studies by Bresnahan and Reiss (1991,1994). The geographic markets are small
to mid-sized towns and cities that vary in population from approximately 3,500 to
40,000 people. The markets are generally rural or semi-rural in nature and clearly
under-represent markets in the northeast section of the US. For example, only 11
markets are identified in the New England states whereas Texas contains 57 markets.

4.2 Measuring Entry and Exit in Geographic Markets

To measure the entry and exit of establishments, we use the establishment links
developed in the LBD. The LBD uses both Census Bureau establishment-level iden-
tification numbers and address matching algorithms to develop a panel data set
that allows for the measurement of establishment entry and exit and the tracking of
continuing establishments over time. Jarmin and Miranda (2002) discuss the mea-
surement issues involved in constructing the LBD. The measure of entry used in this
paper is the entry of an establishment into a geographic market. An entrant in a
market is defined as an establishment that is not present in a market in period ¢ but
is producing in the market in period ¢ + 5 (the next Census year). * Similarly, an
exit is defined as an establishment that is in a geographic market in period ¢ and is
not in that market in period ¢ + 5.° For each market, we construct the numbers of
entering, exiting, and continuing establishments.

The top panel of Table 1 provides an overview of the entry and exit patterns at
the national level for dentist and chiropractor offices over the five inter-census periods
from 1977 to 2002. Both the number of dentist offices and chiropractor offices has
grown steadily over the 25 year time period. This is especially true for chiropractors
where the number of offices increases by 383 percent over the period. Overall, entry
rates average around .28 over the five-year periods for dentists and almost .67 for
chiropractors. The next column presents a measure of producer turnover. The ex-

4Some establishments in our data switch geographic codes over time. In particular, a continuing
establishment will sometimes switch between a "rest of county" place code and a place code iden-
tifying a city. We do not allow these within-county changes in geographic coding to generate entry
and exit. In these cases, we always fix the place code to the code that identifies the city and the
treat the establishment as continuing in that location over time.

5The vast majority of entering and exiting establishments are denovo entrants or establishments
that are closing, respectively. This is not true in other industries such as manufacturing where a
substantial fraction of establishments may enter and exit a market by changing their product mix.
Such product mix shifts are rare in the dentist and chiropractor office data.
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cess turnover rate is defined as the sum of the entry and exit rate minus the absolute
value of the net entry rate. The excess turnover rate attempts to control for the effect
of changing market size or growth on the number of firms operating. It measures
the amount of turnover in the number of producers in excess of that required to ac-
complish the observed net change in the number of producers. In comparison to the
previous research that documents establishment entry and exit in the manufacturing
sector (Dunne and Roberts (1991)), the excess turnover in dentists is significantly
less than what occurs in manufacturing and excess turnover in chiropractors is of a
similar magnitude.

The bottom panel of Table 1 shows the same statistics for our sample of 764 mar-
kets. Many patterns are similar to the national figures, though, they do differ in a
number of important respects. Overall entry, exit and turnover rates of dentists’ and
chiropractors’ offices are somewhat lower in the sample of local markets as compared
to the national statistics. This is especially evident in the net entry statistics for
dentists where net entry in the local market sample becomes essentially zero in the
later periods but remains positive in the national data. Alternatively, the shifts in
entry and exit patterns that occur over time in the national statistics occur in our
sample of local markets. Periods with high national entry rates appear as high entry
rate periods in the local market data.

4.3 Measuring Establishment Profits

In addition to measures of entry and exit, the empirical model requires a measure of
the average profits earned by establishments in each geographic market and time pe-
riod. We use information on revenue, payroll and legal form of organization from the
Census LBD to construct a measure of establishment profitability. Unfortunately,
the Census of Services does not collect data on expenses other than payroll for den-
tist and chiropractor offices and we rely on external data sources to estimate other
expenses as a share of office revenue. For the offices of dentists, we use aggregate
information from the American Dental Association (ADA) and the Census Bureau’s
Business Expenses Survey (BES) to estimate the share of other expenses in total
revenue. These data sources report that expenses other than payroll are approxi-
mately 35% of a dentist’s office revenues. For the offices of chiropractors, we rely on
aggregate data from the BES for industry 804 (Offices of Other Health Practitioners)
that contains chiropractors. Based on the BES data, we estimate that other expenses
account for 37% of a chiropractor’s office revenues.
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In order to construct a measure of profit, two other important features of the
industries must be accounted for. First, the tax status of a firm will affect how key
data items are reported. For sole proprietors and partnerships, the owner receives
compensation as net income and not as payroll. For these legal forms of organization
(LFO), firm pre-tax profits (net income) are revenue minus payroll minus estimated
expenses. For professional service organizations (corporations), the owning den-
tist(s)/chiropractors are typically paid part of their compensation as a component
of payroll. We want to net out this compensation of dentists from payroll in order
to have similar profit measures across firms with different LFO status. One can see
clearly this difference in payroll reporting across LFO types in our data. For dentist
offices in 1997, the ratio of payroll to revenue averages .25 for the sole proprietorships
and partners and .49 for professional service organizations. A similar pattern holds
for chiropractor offices (.18 vs .38). In order to adjust our profit measures for this
feature in the data, we use aggregate tax data to measure the share of payroll going
to the owners of incorporated firms. For dentist offices, we estimate the share of pay-
roll going to officers of the corporation as 40% in the beginning of our time period,
rising to 50% by the end of our time period. This rise in the dentists’ share reflects
the fact that dentists real compensation has risen substantially over time (American
Dental Association (2003)). For chiropractor offices that file as professional service
organizations, we estimate the share of payroll going to owners as 50% of total pay-
roll across the entire time period. These adjustment to payroll make the ratio of
adjusted payroll to revenue similar across LFO types.

The second issue we need to address deals with the fact that the number of
owner-practitioners will vary across medical offices and thus the level of firm profits
will vary with the number of owner practitioners. Based on 1997 dentist data, for
sole proprietors the ratio of the number of owners to offices is one to one; for part-
nerships there are roughly 1.8 owner-dentists per partnership; and for professional
service organizations there are roughly 1.35 dentists per practice. In order to make
our profits comparable across offices of different scale, we normalize the profits per
office by the average number of practitioner-owner across the LFO types. The same
type of pattern occurs in offices of chiropractors and we construct a similar adjust-
ment. Thus, our final measure of profit will be the profit per owner-practitioner.

In summary, we calculate profits per owner by using census data on establishment

revenue and payroll with three adjustments. First, we estimate expenses besides pay-
roll for each office based on aggregate tax data. Second, we adjust the payroll data
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for corporations to net out the compensation to the owner-practitioners. Third, we
adjust the per establishment profits to account for the fact that different types of
firms will have differing numbers of owner practitioners. Finally, we convert all the
profit data to 1983 constant dollars by deflating by the CPI. Using this method to
construct profits for each office, we construct the average profit of an establishment
in a market by taking the average of all offices producing in a market. The last
column in each of the panels in Table 1 report mean profit per owner practitioner
in 1983 constant dollars. For dentists, there is a trend toward increasing profits.
This pattern and the magnitudes of profits are consistent with ADA studies of the
revenues, expenses, and net income of dentists.® The data on chiropractors shows
overall lower profits and lower profit growth in comparison to dentists. The data
that represents the sample of local markets shows similar time-series patterns in the
profits compared to national markets, but overall lower profit levels.

4.4 Measuring the Number of Potential Entrants

Our empirical model requires that we measure the number of entrants relative to
the pool of potential entrants in each geographic markets. There are several ways
to approach measurement of the entry pool and in this project we have used two
different definitions. The first definition sets the number of potential entrants into a
geographic market in a time-period equal to the maximum number of different estab-
lishments that appear in the market over time minus the number of establishments
already in operation. The rationale behind this definition is that in each geographic
market we observe all potential entrants being active at some point in time. In each
time period the pool of potential entrants is the set of establishments that are not
currently active. This definition has the advantage that it can be constructed using
only data that is present in the Census LBD. It will also tend to covary positively
with the population of the geographic market and the actual number of entering
firms, resulting in an entry rate that is roughly constant across market sizes (this is
summarized below). The disadvantage of this measure is that it is affected by the
overall growth in market size and the number of establishments over time. Since
the number of establishments has increased over time due to exogenous growth in

6Using data from the ADA on net income in 1986, we estimate that net income for dentists in
private practice averaged about $67,700 in 1986 (measured in 1983 dollars) which is very close to
our estimate in Table 1 for 1987. For 1997 we estimate the net income of dentists based on ADA
sources at approximately $96,100 (in 1983 dollars). So our estimate for 1997 ($91,300) appears a
little low by comparison.
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population, this measure is likely to overestimate the number of potential entrants,
and thus underestimate the entry rate, in the early years of the sample.

As an alternative to this measure we exploit data from the ADA, Federation of
Chiropractic Licensing Boards (FCLB) and Bureau of Health Professionals (BHP)
to estimate the number of non-owner practitioners in an area that could potentially
enter each geographic market. In the case of dentists, industry sources report that
new dentists offices are usually established by dentists that are working in existing
dental practices. Few new graduates start new practices on their own right after
dental school (Weaver, Haden and Valachovic, (2001)). Using these external data
sources, we measure the number of dentists that exceed the number of dental offices
in the county surrounding each of our geographic markets. We use this number as
our estimate of the pool of potential entrants in each geographic market.” In the
case of chiropractors, we use much cruder information from the FCLB and BHP on
the ratio of the number of licensed chiropractors to the number of chiropractors’
offices to construct the excess pool of entrants available to start new businesses. We
also adjust the chiropractor pool for new graduates, since they are a relatively more
important source of new entrants than dentists.®

5 Empirical Results

5.1 Cross-sectional Patterns With Market Size

We begin by summarizing the market-level patterns of entry, exit, and profitability,
with particular emphasis on how the patterns differ across geographic markets of
different sizes. Tables 2-5 provide summary statistics for dentists offices and chiro-
practors offices, respectively, across the 764 geographic markets and 5 time periods,
a total of 3820 observations, used in our analysis. As the measure of market size

"We also increase the size of the potential entrant pool by a small percentage (5%) of the number
of dentists in surrounding counties to account for the fact that there is likely to be some migration
of dentists across county lines when establishing new practices.

8The number of chiropractors in the United States increased by more than 300% over the period
1977 to 2002, based on statistics from the Bureau of Health Professionals. This reflects the relatively
high growth rate in new graduates, especially as it relates to the existing pool of practitioners. To
account for this growth in supply, we increase our estimate of the pool of potential entrants, based
on the ratio of licensed chiropractors to chiropractor offices, by roughly 25% in each period. This
basically assumes that most new graduates consider opening a chiropractor’s office after graduating
from school.
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we use the population in the geographic area and view this as the proxy for the
level of market demand. We assign each of our market observations to one of 15
size categories based on market population. The market size cutoffs were chosen
to give roughly equal numbers of observations per cell and the population cutoffs
will tend to be further apart as the markets get larger. The same size cutoffs were
used for both the dentists and chiropractors data. The average population and the
number of market-year observations in each size category are reported in the second
and third columns of Table 2 and 3. The remainder of Tables 2 and 3 focus on the
cross-sectional patterns in the number of establishments and the level of demand,
revenue, and profit per producer. Tables 4 and 5 focus on the patterns of entry,
exit, and turnover.

Focusing on the summary statistics for dentists in Table 2, we see from the fourth
column that, as market size increases, the number of firms also increases. More in-
terestingly, the population per dentist office, column 5, is relatively constant across
market sizes. On average, there are between 1400 and 1500 people per dentist office
across the 15 market size categories. Comparing the smallest five size classes with
the largest five classes, population per esstablishment rises from an average of 1405
to 1477, and increase of 5.3 percent. As discussed in section 2 above, Bresnahan
and Reiss (1991) showed that one implication of an increase in competitiveness as
markets get larger, is that the average number of customers per firm should rise.
They found evidence of this pattern for dentists practices for small markets with 1-3
establishments. There is no evidence of this pattern in our data. One explanation
is that our markets tend to have more establishments than the markets examined
by Bresnahan and Reiss. Even in the smallest size category, which has an average
population of 3,487 people, there is an average of 2.45 establishments in our data.
Our markets may have already passed the size level at which the competitive effects
of entry are exhausted.

The last two columns of Table 2 summarize the average revenue and average
profit per establishment. Campbell and Hopenhayn (2002) have shown that an
implication of increased competitiveness in larger markets is that average producer
size will increase with market size and they find that average firm sales and market
size are positively correlated in many of the retail industries they study. We find
that both average establishment revenue and average establishment profits increase
with market size. Comparing the averages over the five smallest and five largest size
classes, we observe that average revenue per establishment rises 26 percent (from
162.5 to 204.7) and average profit per establishment rises 18 percent (from 60.7 to
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71.6). However, given that we find virtually no increase in the average population
per practice in large markets it is difficult to reconcile these findings with increased
competition in large markets. More likely it reflects an increase in product differ-
entiation among dentists as higher-priced specialists become more common in larger
markets. This differentiation would partially insulate the dentists from the compet-
itive effects of larger numbers and be reflected in higher prices and profits for firms.
The increase in revenue with market size could also reflect higher costs in larger
markets, but we believe this is unlikely. The profit measure does correct for the
main source of costs for a dental practice, employee expenses, and the increase in the
average value of the profits is roughly comparable to the increase in average revenue.
If increased costs were the contributing factor we would observe less or no increase
in average profits with market size. Overall, across geographic markets ordered by
population, we observe roughly constant demand per establishment but increasing
average revenue and average profits.

This pattern contrasts with the pattern reported in Table 3 for chiropractors.
The main distinction is that for chiropractors there is a significant increase in the
population per establishment as market size increases (column 5). The population
per establishment does not increase monotonically across size classes but the upward
trend is clear. The average for the five smallest size categories is approximately 5590
people per establishment, while the same number for the five largest size classes is
7363, an increase of 32 percent. This is consistent with a competitive effect of firm
entry in larger markets. When compared with dentists, there are also fewer estab-
lishments per market. For half of the size categories, which covers markets with
up to an average of 10,200 people, there are fewer than two chiropractors per mar-
ket on average. Even the largest markets have only 4.88 chiropractors, on average,
compared with 25.46 dentists. If there is a competitive effect of entry, which dies
out after 4 or 5 firms are present in the market, then most of our markets will lie
in the range where the effect would be present. For the chiropractors markets, it is
also the case that average revenue per establishment and average profit per estab-
lishment rise with market size. The five largest size classes have average revenues
that are 30 percent higher than the five smallest size groups and average profits that
are 20 percent higher. Taken together, the substantial increases in population and
revenue per establishment suggest a stronger competitive effect from the increase in
the number of firms in this industry than in the dentist industry. The increase in
average profits, however, is very similar to what occurs in the dentist markets and
suggests that there is probably a role for increased product differentiation among
chiropractors in the larger markets.

20



5.2 The Patterns of Market Dynamics

The cross-sectional patterns discussed in the last section summarize the relation-
ship between market size, number of producers, and average firm profits but do not
provide any direct evidence on the patterns of producer turnover. The dynamic
theoretical models of industry evolution discussed above have emphasized a second
pathway through which competition affects firm profits, in particular, the competi-
tion which is provided by the easy entry of new firms. A key parameter in these
models is the sunk cost of entry. When this cost is low, potential entrants to a mar-
ket are a significant source of competitive pressure. For example, in Hopenhayn’s
(1992) competitive framework, markets with high entry costs will be characterized
by low rates of producer turnover. The sunk cost of entry acts as a barrier to entry
that insulates the existing firms from competitive pressure. Industry profit and
average firm value can also increase when entry costs are large.”

Tables 4 and 5 summarize the patterns of producer turnover in the dentist and
chiropractor markets. The second, third, and fourth columns of Table 4 summarize
the average number of establishments, exits, and entants in different size markets.
All three variables increase monotonically with market size. Markets with larger
populations have larger entry and exit flows. The next two columns express these
flows as a proportion of the number of establishments in operation at the start of a
time period. The market exit rate averages .20 across the size classes while the entry
proportion averages .25 and these averages vary little across different size markets.
A substantial amount of producer turnover occurs as the simultaneous entry and
exit of establishments in the same geographic market. The excess turnover rate,
reported in column 7, averages .285 across the size classes. This implies that, after
controlling for the net expansion or contraction in the total number of firms in the
market, the establishments undergoing a transition in or out of operation represent
more than a quarter of the number of establishments in operation. The last two
columns of Table 4 summarize the entry rate using two different definitions of the
pool of potential entrants. The first definition, which uses the number of establish-
ments ever observed in the market, generates an average entry rate of .22. This

9There is also a selection effect which depends on the level of the entry cost. When entry costs
are high, more low-profit firms will survive and this will tend to reduce industry profit and average
firm value. As long as this selection effect is not too strong, the industry profitability will be
positively correlated with the magnitude of sunk entry costs.
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is because the pool of potential entrants is closely tied to the number of firms in
the market, which in turn is highly correlated with the number of entrants. The
second definition, which uses information on the number of dentists in surrounding
geographic areas, has a similar entry rate on average, but the entry rate increases
significantly with market size. This occurs because, as the market size increases, the
share of county population in the market rises. Thus, the number of excess den-
tists in the county (i.e., dentists practicing inside the county but outside the place)
will have a tendency to be lower and the resulting pool of potential entrants will be
smaller in larger markets.!

The summary statistics for the entry and exit of chiropractors are reported in
Table 5 and differ in some significant ways from the patterns for dentists. Most
importantly, the exit rate, entry proportion, and excess turnover rate are all larger
for chiropractors. While the entry proportion will reflect the overall growth in the
number of chiropractors during our sample period, the other two measures are less
affected by this. In particular, the excess turnover rate averages .36 across the
market size classes, which is higher than the .285 observed for dentists. The higher
turnover among chiropractors could reflect lower entry costs in this profession. This
would also explain their lower average profits per establishment relative to dentists,
which was seen in Tables 2 and 3.

Overall, the profit, entry, and exit statistics suggest that a combination of com-
petitive and technological factors interact to produce the market-level outcomes we
observe and the importance of each factor differs between the two industries. There
is some evidence, particularly for chiropractors, that an increase in market size results
in an increase in competition as the number of establishments increases. To isolate
this effect we will need to estimate the profit function for producers in each industry,
where there is a role for both the number of firms in the market and overall mar-
ket size to affect profits. The turnover statistics suggest substantial within-market
turnover in both industries but a higher degree of turnover among chiropractors.
One explanation for this difference is that dentists face higher sunk entry costs in
establishing a business and this requires estimates of the entry costs and scrap val-
ues faced by a an establishment in each industry. Finally, the flows of simultaneous
entry and exit indicate that heterogeneity exists across producers within the same
market. This heterogeneity in outcomes could result from differences in the profit

10While the two entry rate variables give different patterns of entry, it is difficult to argue one is
more appropriate than the other. In the analysis that follows we will estimate the entry and exit
model separately using each measure and examine sensitivity of the results.
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function, scrap value, or entry cost across producers. In the next section we report
econometric results that attempt to isolate these separate effects.

5.3 Estimates of Profits, Entry Costs, and Scrap Values

Estimates of the underlying structural parameters are reported in Table 6 for the
dentist and chiropractor industries. As seen in the simulation results reported above,
there was some difficulty estimating the profit function parameters jointly with the
scrap value and entry cost parameters. This problem was also present in the esti-
mation with the actual data. To simplify the analysis, we estimated the parameters
in two steps: the profit function parameters 6 were estimated first using the four
moment conditions in equation (14) that are based on the profit function errors (this
is equivalent to using OLS to estimate the profit function), the scrap value and entry
cost parameters, o and a, were then estimated using the remaining moments in (14)
that are related to the entry and exit rates.!!

We focus first on the parameter estimates for the dentist practices. The two
columns correspond to different definitions of the pool of potential entrants.!?> The
profit function parameters are statistically significant. The coefficient on market
size (S) is positive and the coefficient on the number of producers (N) is negative
as expected. Because the coefficient on the interaction term (S/N) is negative, the
derivatives of the profit function with respect to N and S will only have the expected
sign for a subset of the markets. The derivative with respect to S will be positive
as long as there are N>7 establishments in the market, which happens for approxi-
mately half of the observations. The derivative with respect to N will be negative
only for the three largest market size categories.'® Overall, the curvature of the profit
function is not entirely consistent with expectations. Focusing on the two dynamic
parameters, the mean of the distribution of scrap values is 5.78 million dollars. This
compares with a mean continuation value V' C' of 3.81 million dollars. One the entry
side, the mean entrant value V' F is 3.82 while the mean entry cost is 13.19. Relative
to industry data sources, this estimate of the startup cost of a new dental practice
appear to be too high. When the definition of the entry pool is changed we observe

'We have not made any corrections to the standard errors reported in Table 6 to account for
the two-stage estimation of the 6, o, and a parameters. We will do this in future drafts.

12 The two data sets differ slightly in the number of observations because 12 geographic markets
were dropped under the second definition because the necessary data was not available.

13Tt requires that S/N? < .081 (where S is measured in thousands of people) and this only occurs
for market size categories 13,14,and 15 in Table 2.
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an increase in both dynamic parameters and in the average VC and VE as well.
The main difference in the two definitions is that, under the second definition, the
mean entry rate is lower, .145 versus .227, and thus a higher entry cost is needed to
rationalize the lower entry rate. An increase in the entry cost increases the value
of being in the industry for both incumbents and entrants. In order to explain the
observed exit rate, which is the same in the two data sets, requires a higher mean
for the scrap value distribution. The shift from the first to second data set nicely
illustrates the way that the model jointly estimates the scrap value, entry cost, and
VE and VC values from the observed entry and exit rates.

The parameter estimates for the chiropractor industry allow room for skepticism
as well. None of the profit function parameters, except the intercept, are signifi-
cant. The mean scrap value for a practice is 27.45 or 24.65 depending on the entry
definition used. The entry cost has a mean of 33.4 or 30.77 depending on the entry
definition. Estimates of both parameters appear to be too large to be credible. One
consistency between the two sets of estimates is that the entry rate is lower for the
second data set, .188 versus .212 on average, and the scrap value, entry cost, and
continuation values are lower in this case. This is the same qualitative shift we
observed with the dentist data sets.

There are several issues we will explore in the future as we work to refine and
better understand the structural estimates. The underlying assumption that the
scrap value follows an exponential distribution greatly simplifies the empirical model
but appears to be fairly restrictive in our empirical applications. Once the exit cost
becomes too large, further increases have virtually no effect on the probability of exit
and the parameter estimates become very unstable. Pakes, Ostrovsky, and Berry
(2004) show how to generalize this assumption to allow a more flexible distribution
and we will pursue this in the future. A second restrictive assumption is that the
profit shocks in a market cannot be serially correlated. This rules out the inclusion
of market-specific effects in the profit function. In exploratory work, we observed
that market effects are important in the profit function estimation and this may con-
tribute to the relatively unsatisfactory estimates of the profit function parameters in
this application.
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6 Summary and Conclusion

In this paper we utilize micro data from the Census of Service Industries to measure
the patterns of entry and exit for two industries, dental offices and chiropractor of-
fices, over the period 1977 to 2002. The basic data reveal significant differences in
the market structure and market performance as market size rises. In the dentist
industry the population per firm, which is a proxy for the level of demand faced by
each firm, is fairly constant as the market size increases, while the average revenue
per firm and average profits per firm rises steadily. This appears most consistent
with an increase in the degree of producer heterogeneity and/or product differen-
tiation as market size increases. In contrast, for chiropractors there is a steady
increase in population, average revenue, and average profit per firm as market size
increases. The first two patterns are consistent with an increase in competition in
larger markets, although the rise in profits still suggests a role for increased product
differentiation. The patterns of producer turnover also differ between the two in-
dustries. The rate of excess producer turnover, the amount of entry and exit that
occurs in excess of what is necessary to account for changes in the total number of
firms in the market over time, is higher for the chiropractor industry. This finding,
together with the finding that the average profit of firms in the industry is lower for
chiropractors could be explained by a dynamic model in which the sunk cost of entry
was lower for individuals that set up chiropractor pratices.

We then attempt to identify the sources of these patterns by estimating a struc-
tural model of entry and exit developed by Pakes, Ostrovsky, and Berry (2004). The
model is extremely useful in simplifying the problems involved in estimation of fully
dynamic models of entry and exit in imperfectly competitive markets. It allows for
a direct competitive effect of the number of producers on the average profit earned
by all firms in the market. It allows for heterogeneity among firms in a market in
their scrap values and heterogeneity among potential entrants in their entry costs.
Using this model we estimate parameters that characterize the distributions of these
variables for each industry. Initial estimates of the model indicate higher entry costs
for the firms in the chiropractor industry than for new dentists. This pattern is not
consistent with our finding of a higher turnover rate among chiropractors but may
be an artifact of the distributional assumptions we have made and which we are
working to generalize.

One area that requires additional work involves the definition of the pool of
potential entrants. Using external data sources from the ADA it may be possible
to more accurately identify the number of dentists that are working in multi-dentist
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practices. These are the primary source of new establishment entry in this industry.
It should also be possible to develop external estimates of the cost of establishing a
new practice that we could use to assess the reasonable of our parameter estimates.
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