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Abstract

This research introduces a novel approach for estimating the structural parameters of de-
mand, cost, and entry costs in a differentiated products model where product characteristics
and input cost data are not observed for non-entrants. Traditional methods for entry game
estimation rely on the product characteristics that are used as instruments to be observable
for both entrants and non-entrants — a scenario that is uncommon in practice. I first provide
an extension of the standard identification strategy that does not require such observability
condition, but also demonstrate based on identification analysis as well as Monte-Carlo study
that such an approach requires impractically large sample size.

To overcome this limitation, I use the instrument-free methods proposed by Byrne et al.
(2022) and Imai et al. (2024), which allow estimation of the demand and cost function by
addressing the endogeneity of price using entrants’ cost data. Building upon this foundation,
I extend their framework to incorporate entry-exit decisions. My findings indicate that using
both demand and cost data offers a more practical and effective estimation approach. I
propose a data-augmented Markov Chain Monte Carlo (MCMC) estimation method and
demonstrate through Monte Carlo simulations that this approach yields consistent estimates.

Furthermore, I apply the estimation techniques developed in this research to estimate the
structural parameters of the Wisconsin nursing home market and discuss the social welfare
implications of the Certificate of Need (CON) law. Counterfactual simulations reveal that
abolishing the CON law would increase consumer and producer surplus by $868 million and
$165 million, respectively, while government spending would rise by $700 million. I also
estimate important market structures, such as labor/capital elasticities, entry costs, and the

difference in the distribution of service quality between entrants and non-entrants.
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1 Introduction

I study the differentiated products oligopoly model in which firms decide whether to enter the
market in period 1 and engage in a price competition in period 2. The frameworks of interest
for this project are the logit and random coefficient logit models of Berry (1994) and Berry et al.
(1995) (hereafter, BLP) which are used to estimate demand and cost parameters of firms in a
differentiated products oligopoly market. These models incorporate unobserved heterogeneity in
product quality. Researchers use instrumental variables to deal with the endogeneity of prices
caused by such product quality. As Berry and Haile (2014) and others pointed out, as long
as some instruments are available, demand functions can be identified using market-level data.
Popular instruments include cost shifters such as market input prices, product characteristics
of other products in a market (“BLP instruments”), and the price of a given product in other
markets (“Hausman instruments”). However, these instruments become invalid when we explicitly
consider firms’ entry and exit decisions. Note that the demand function estimation methods based
on Berry (1994) and Berry et al. (1995)‘s models do not consider firms’ entry-exit decisions. As I
will show later, the well-known instruments for price become invalid if firms make entry decisions
due to the endogeneity of entry.

There are studies, such as Ciliberto and Tamer (2009), Ciliberto et al. (2021), Aguirregabiria
et al. (2024), and others, that structurally estimate parameters in oligopoly markets where firms
make endogenous entry decisions. All of these studies analyze the airline industry. The primary
appeal of the airline industry for researchers is that, at each airport, the potential entrants are
existing airlines whose characteristics are observable. This ideal feature allows researchers to
identify the conditional probability of firm entry based on observable characteristics. However,
it is rare to have data on potential entrants in other industries; typically, researchers only have
information on firms that actually entered the market.

In this project, I identify and estimate the parameters of demand and cost functions in a
model of a differentiated products oligopoly entry game when data on non-entrant firms are not
available. In such cases, even though researchers may have valid instruments that are orthogonal
to the error term in the population—including both entrants and non-entrants—they can only
construct moments based on data from entrants. These moment conditions may not reflect the
orthogonality conditions in the overall population. To correct for the selection bias, researchers
typically use entry probabilities or similar statistics. However, estimating the entry probability

as a function of exogenous variables requires data on those variables for non-entrants, which may



not be available in most industries. Instead, I assume in my model that researchers do not have
any data on non-entrant firms but can obtain data on demand and cost of the entrants (total
cost and each input costs, but not the marginal cost). In many industries under government
oversight, such as nursing homes, banking, etc., incumbent firms have to report to the oversight
authorities some data on cost.

This research contributes to the extensive literature on structural estimation of static entry
games. Beginning with foundational works by Tobin (1958), Amemiya (1973), and Heckman
(1976), economists have extensively examined the impact of selection effects on outcomes of
interest. Bresnahan et al. (1987), Bresnahan and Reiss (1990), and Bresnahan and Reiss (1991)
pioneered the estimation of entry game models, setting the stage for subsequent research in
this area. Studies such as Reiss and Spiller (1989), Berry (1992), Mazzeo (2002), Seim (2006),
Jia (2008), and Ciliberto and Tamer (2009) delved into entry models where the number of
competing firms influences profits in a (log) linear framework. In contrast, Wollmann (2018),
Ciliberto et al. (2021), and Aguirregabiria et al. (2024) developed entry models based on demand
structures from Berry (1994), where the strategic entry effect is embedded within a structural
model. Related research, such as Draganska et al. (2009), Sweeting (2013), Eizenberg (2014), and
Li et al. (2022), explored models where firms first select their product characteristics in an initial
period and subsequently compete with other entrants. Similarly, Ho (2009), Kuehn (2018), Park
(2020), Bontemps et al. (2023), and Yuan and Jia (2024) constructed network models where
firms decide on their network configurations in the first period and then compete with rivals in
the second period. The model developed in this article diverges from prior models in that it does
not require observing the product characteristics of non-entrants, unlike previous models that
depend on such information for identification purposes.

To identify the structural parameters, I use the methodologies developed in Byrne et al. (2022)
and Imai et al. (2024). In particular, Imai et al. (2024) not only removes the measurement error
but also identify and estimate the price coefficients and the output coefficient of the cost function
without instruments. They use the marginal cost function to proxy for the unobservable cost
shock and utilize MR = MC equation derived from the profit maximization problem so that
the marginal cost can be expressed as a function of observable demand variables and demand
parameters. Demand and cost parameters of this modified cost function are chosen to maximize
the fit to the cost data. Since the methodology is instrument-free, researchers can estimate
those coefficients even if they only use the data on entrants for estimation, in which case the

orthogonality conditions based on instruments do not hold. The shortcoming of their approach



is that they cannot identify some of the demand and cost functions. For example, their approach
cannot identify the coefficient of the product characteristics which usually enter in the logit
utility. After adopting the methodology outlined by Imai et al. (2024) to identify a subset of
the demand and cost function parameters, I demonstrate how this enables the identification of
profits. This, in turn, enables the determination of their conditional probability of entering the
market. By conditioning on this entry probability, we can remove the bias introduced by the
endogeneity of market entry and estimate the remaining structural parameters.

I show the identification and propose an estimation procedure based on data-augmented
MCMC algorithm. The results show that the proposed estimator can accurately estimate the
structural parameters when we have both demand and cost data on new entrants. Moreover, I
show that the structural parameters can be estimated even when the researcher does not have
the cost data, only when the variance of the exogenous variables is small.

I use the model I developed in this article to estimate the market structure of the Wisconsin
skilled nursing facility(SNF) market and assess the Certificate of Need (CON) law’s impact on
social welfare.

With the increasing elderly population, Wisconsin has seen its state expenditures for nursing
homes rise significantly. To curb these escalating costs, the state implemented the CON law.
This legislation restricts the construction of new nursing facilities and the expansion of existing
ones.! Although the CON law may have reduced government spending, a large body of literature
has studied its negative effects due to excess demand in the industry.

First, Gruenberg and Willemain (1982), Gertler (1989), and Gertler (1992) used both eco-
nomic theory and empirical studies to verify the relationship between excess demand and patients’
access to nursing homes. Limited supply led Medicaid patients to be rationed out, since their
reimbursement rate was significantly lower than that of private-pay patients (PPPs). This is
problematic for at least a couple of reasons. Firstly, low-income potential patients who need
professional assistance may not be able to get any treatment. Secondly, as Ettner (1993) pointed
out, the average hospital cost per patient-day for a semiprivate hospital room was $465 in 1985,
while the average nursing homes’ private patient price was only $1,456 per month. Since 40%
of nursing home residents come directly from hospitals, they note that supply constraints may
create inefficient government spending. Kotschy and Bloom (2022) examined data from 30 devel-

oped countries and found that difficulty in accessing nursing homes is a common issue globally.

'n fact, according to my data, none of the nursing homes that were present from 1998 to 2002 changed the
number of beds during that time.



Second, Nyman (1985), Nyman (1988a), Nyman (1988b), Harrington et al. (2000), Horn et al.
(2005), Lin (2015), Lu et al. (2021), and Kunz et al. (2024) considered various measures of
nursing home quality and discuss its relationship with excess demand, most of them reporting
a negative relationship between the two variables. Nyman (1988a) pointed out that nursing
homes’ low quality was a well-known issue, as officially reported in the senate report in 19942
Due to low Medicaid reimbursement and flat rates, reducing costs rather than engaging in quality
competition provided greater benefits for nursing homes. Gupta et al. (2024) also discussed the
relationship between health condition and private equity and finds that private equity ownership
increased mortality rate by 10%. Third, Norton (1992), Cohen and Spector (1996) , Grabowski
(2001), and Grabowski and Angelelli (2004), focused on Medicaid reimbursement rates and their
implications in relation to market outcomes. Especially, Grabowski (2001) and Grabowski and
Angelelli (2004) found a positive effect of an increase in Medicaid reimbursement rate on health
outcomes, although the CON may mitigate this effect.®> Fourth, Nyman (1994) explored the
relationship between price and excess demand, which they find a positive relationship between
the two variables. Bardey and Siciliani (2021) uses two-sided economic model and finds that
the profits and wages for nurses become lower when the prices are regulated, and Heger et al.
(2022) used exogenous variation in Swiss care price regulation and finds that higher prices leads
to higher staffing ratio. Yang et al. (2022) offered a literature review regarding pricing behavior
and concentration in the industry.

However, as pointed out in Ching et al. (2015), most of the empirical strategies in the existing
literature use reduced-form estimation methods, which have several limitations. First, they
cannot estimate social welfare. Second, their estimation strategies often suffer from endogeneity
issues. For example, Gertler (1989) analyzed the effect of excess demand on quality by running
regressions that include measures of excess demand and the Herfindahl-Hirschman Index (HHI)
in the right hand side to control for market structure. However, as Miller et al. (2022) pointed
out, both excess demand and HHI are market outcomes influenced by observed and unobserved
shocks. As a result, it is impossible to establish causal relationship between the two endogenous
variables. Analysis of effect of excess demand on market structure requires a structural approach.

Recent papers have begun using structural approaches to analyze the effect of excess demand

and the market structure. Ching et al. (2015) developed a static oligopoly model based on

2The exact same senate report cited in their paper was not found on internet, so I leave below the link to its
introductory report: https://archive.org/details/nursinghomecarei0Ounit/page/nl/mode/2up

3Regarding the Medicare program, He et al. (2020) found a positive relationship between Medicare reimburse-
ment rate and staffing level.



Berry et al. (1995) to estimate private-patient demand. They use the estimated parameters
to quantify the rationing effect of the CON law. However, since they only model the demand
side, they cannot estimate the producer-side welfare, which is also essential in discussing the
CON law’s effect. Moreover, their model without entry competition cannot fully analyze how
competition promotes quality competition. Hackmann (2019) extended Ching et al. (2015)’s
study by endogenizing nursing homes’ quality and explicitly modeling the cost side. In addition
to the static models shown above, there are several papers that use dynamic models to study
the market structure. Gowrisankaran and Town (1997) was one of the pioneers that used a
full dynamic model that leveraged Ericson and Pakes (1995) model to estimate demand, cost,
entry /exit cost, income elasticity, and other parameters of the hospital market. This paper shows
groundbreaking results and implications that has a lot of common things with the nursing home
industry, but it is not possible to discuss the level of rationing with this economic model since
they do not explicitly incorporate the rationing behavior in their model. Lin (2015) established a
dynamic model following Ericson and Pakes (1995), where nursing homes make dynamic decisions
about their treatment quality. They use panel data to identify the competition effect of profit
and entry cost. Nonetheless, their model is not suitable for analyzing the CON law as they do not
model consumer choices and the cost of production, making it impossible to quantify the social
effect of the CON law or the rationing effect. Grant et al. (2022) used Germany nursing homes’
market data and develops an entry model to study the competition of for-profit and non-profit
nursing homes. Since they simplify the profit function in order to focus on dynamic entry game
behavior, and Germany does not have laws similar to the CON law, measuring the effect of the
CON using this model is not suitable. Overall, there are no research papers that thoroughly
estimate the CON law’s effect and quality competition effect incorporating entry-exit models.
The research most closely related to mine is Hackmann (2019), who developed a model similar
to that of Ching et al. (2015). In their study, they endogenize nursing home quality, i.e. the
number of nurses per patient, and use a constant marginal cost function, estimating the model
using instrumental variables (IV). However, their model has several limitations. First, their
identification strategy using IV may be biased. They use Medicaid patients’ reimbursement
rate as an instrument for the demand shock, assuming that the cost variation is orthogonal to
unobserved preference shocks in the given nursing home county. However, this assumption does
not always hold, especially if the cost shock is serially correlated or correlated with the cost
structure, which cannot be verified. Second, they do not model the entry behavior of nursing

homes. Although the CON law restricts the construction of new nursing homes, the data in



Figure 1 show that the number of facilities has fluctuated significantly each year. Therefore,
as discussed in section 4, the structural parameters may be biased when the entry behavior
of firms is not taken into account. Third, they use a constant marginal cost function, which
lacks flexibility due to the lack of cost data. As demonstrated in my research, nursing homes
exhibit increasing returns to scale, which could bias their counterfactual simulations analyzing
the impact of an increase in Medicaid patients’ reimbursement rates on facility quality. Unlike
Hackmann (2019), the model I use can estimate the cost function flexibly, as the estimation
strategy does not require IV.

This paper uses the structural approach developed in section 4 to answer the following two

major questions prevalent in Wisconsin’s skilled nursing home facility market:
1. What is the quantitative effect of the CON law on social welfare and rationing?
2. Does entry competition improve the quality of treatment?

Most of the previous studies mentioned so far have analyzed various types of nursing facilities in-
cluding skilled nursing facilities, nursing homes connected to hospitals, and home health agencies
without making clear distinctions between them. In my research, however, instead of analyzing
all types of nursing homes, I focus only on skilled nursing facility due to data limitation. Accord-
ing to California Department of Aging,* a typical resident of SNF is ’a person who is chronically
ill or recuperating from an illness or surgery and needs regular nursing care and other health
related services.” Unlike other types of nursing homes, a SNF is ’ is a temporary residence for
patients undergoing medically necessary rehabilitation treatment.”

Following Ching et al. (2015), the model I use assumes that private-pay patients (PPP) do
not face rationing, while Medicaid patients (MP) do face rationing. I use PPP’s discrete choice
outcomes to estimate the structural parameters and conduct counterfactual simulations of MP
using the estimated structure.

This article also contributes to the literature on the estimation of nursing home cost func-
tions. The literature has used a variety of methods to measure the cost structure of nursing
homes. Vitaliano and Toren (1994), Hofler and Rungeling (1994), and Mutter et al. (2013)
use the stochastic frontier approach to examine the inefficiency of nursing homes. Bekele and
Holtmann (1987), Gertler and Waldman (1992), Filippini (2001), and Giorgio et al. (2016) use

the translog cost function structure to estimate flexible cost functions. Dudzinski et al. (1998)

“https://www.aging.ca.gov/Care_ Options/Skilled Nursing _Facilities/
Shttps: / /www.hebrewseniorlife.org/blog/difference-between-nursing-homes-and-skilled-nursing-facilities



use the Hedonic approach to find nursing home’s returns to scale, and Christensen (2004) use
quantile regression with a translog form to discuss the heterogeneity in efficiency. Some other
papers use reduced-form approaches; Knox et al. (2004) use regression models to discuss the
heterogeneity of efficiencies across different types of nursing homes, and Murmann et al. (2023)
use the propensity-score method to discuss the cost-effectiveness of transitional care in Canada.

However, to the best of my knowledge, none of them address the endogeneity of quantity.®
Production quantity is determined by the firm’s profit maximization problem. Therefore, firms
with higher marginal costs (or higher cost shocks) produce fewer products. Consequently, there
is likely a correlation between observed production quantity and unobserved heterogeneity in
cost structures or cost shocks. This issue has been overlooked in the literature due to a lack of
valid instrumental variables. In contrast, the estimation method used in this article circumvents
this problem by canceling out the unobserved cost components from the estimation equations.
I estimate the cost function derived from the Cobb-Douglas production function and discuss its
implications.

This paper is also one of the few to provide estimates of entry costs. Most papers rely on the
dynamic behaviour of firms to identify them using panel data. They find different estimation
results regarding entry costs; Gowrisankaran and Town (1997) finds the entry cost is statistically
insignificant to zero, while Lin (2015) and Grant et al. (2022) finds a large entry cost. My article
identifies the entry cost in a static game from a novel perspective; it identifies the entry cost from
firms’ profit distribution. Entrant firms having large profit implies high entry cost in my model
because otherwise it cannot explain other potential entrants not entering the market despite the
market being profitable. I show that the entry cost is relatively small compared to the total cost,
as the mean of the profit distribution of SNF is close to zero.

The estimation results of my model carry significant policy implications. Firstly, the labor
and capital elasticities are 0.698 and 0.662, respectively, summing to 1.361. This result implies
increasing returns to scale, a finding corroborated by previous research(e.g. Bekele and Holtmann
(1987), Filippini (2001)). Such insights are crucial for policymaking, indicating that government
initiatives to invest in SNFs would be more cost-effective if focused on expanding larger estab-
lishments rather than building many smaller ones. Secondly, the estimated daily entry cost for a
nursing home is $10.9, amounting to an annual cost of $4,102. This figure is considerably lower

compared to the total operational costs, which average $11,704 daily, or approximately $4.27

SGertler and Waldman (1992) and Giorgio et al. (2016) address the issue of quality endogeneity using econo-
metric theories and instrumental variables. However, the problem of endogeneity in quantity remains unaddressed.



million annually. This disparity likely stems from intense competition within the SNF sector,
with the entry cost in my model identified from firms’ profitability.

In conducting a series of counterfactual simulations using estimated demand, cost, and entry
parameters, I first evaluated the impact of the Certificate of Need (CON) law on rationing effects
and social welfare. Assuming the absence of the CON law, an additional 17,287 patients would
have access to SNFs. Furthermore, both consumer and producer surplus would increase by $868
million and $165 million annually, respectively. Meanwhile, government expenditure would rise
by $700 million, leading to an annual increase in social welfare of $333 million. This result
supports the findings of Ching et al. (2015), which point out that current policy results in a net
welfare loss. Additionally, I analyzed the distribution of quality among nursing homes, comparing
current entrants to potential entrants. Utilizing Ching et al. (2015)’s measure of nursing home
quality, defined as x3+¢&, I discovered that the average quality measure of entrants is 9.6% higher
than that of potential entrants. This result indicates that entry-exit competition significantly
improves quality, offering a potential solution to the problem of substandard quality in nursing
homes.

This article is organized as follows. Section 2 briefly reviews the literature and present the
entry model I estimate. Then, in Section 3, I describe the first stage identification strategy based
on Imai et al. (2024). Section 4 discusses how I identify the remaining parameters of the market
share and cost function, the distribution of observed and unobserved product characteristics
and the cost shock, and the entry cost without data on non-entrants in a monopoly market.
Section 5 discuss extends the monopoly model to a oligopoly model and logit model to the BLP
model. Section 6 applies the proposed estimation method to Wisconsin’s SNF market to estimate

demand, cost, and entry parameters to analyze the effect of the CON law.

2 The two-period model of entry and price competition in a dif-

ferentiated products oligopoly market.

I follow Ciliberto et al. (2021) and Aguirregabiria et al. (2024) by considering a two-period model
where in period 1, potential entrants make entry decisions, and in period 2, only entrants in the
market engage in price competition. I first review the standard differentiated products demand
model, then the cost function. I next discuss the profit maximizing price setting behavior of

entrants, and finally, period 1 where firms make entry decisions.



2.1 Differentiated products discrete choice demand models based on logit

market share

In this subsection, I describe the standard differentiated products model. For more details, see
Berry (1994), Berry et al. (1995), Nevo (2001) and others. Most features of the model I discuss
here are carried over to the next section where I explain my cost data-based identification strategy.

I use the notation following Byrne et al. (2022). Consumer 7 in market m gets the following

utility from consuming one unit of product j:
Uijm = XjmfB — Pjm« + &jm + Eijm,

where x;,, is a 1 x K vector of observed product characteristics, pjy, is price, &, is the un-
observable demand shock, and €;;,, is an idiosyncratic taste shock. Let the demand parameter
vector be 84 = [a,ﬂ’],. B is a K x 1 vector.

There are m = 1, ..., M markets that have market sizes Q,,,.” Each market has j =0,...,J

products whose aggregate demand across individuals is
qdim = Sijmv

where gy, denotes output and s;,, denotes market share. In the case of the Berry (1994) logit
demand model, €;;,, are assumed to be i.i.d. across products, individuals and markets,and are
type I extreme value distributed. Then, the aggregate market share for product j in market m
is,

exXp (ijﬁ — PjimQa + gjm) (1)

Sim (04) = 35 (Pms X, m§0 = >
’ ( d) ](p € d) ZZT:”OGXP (kaﬁ_pkma+§km)

where Py, = [Pom, Pims - PJ,m) 18 @ (J + 1) X 1 vector,

Xom

X1m

L XJImm

is a (Jm + 1) x K matrix, &, = [Com,Eimy - Egpum]” 18 @ (S, + 1) X 1 vector.

"With panel data the m index corresponds to a market-period.
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Good j = 0 represents the outside option that corresponds to not buying any of the j =
1,...,Jm goods. Outside option’s product characteristics, price, and demand shock are normal-

ized to zero (i.e., Xom = 0, pom, = 0, and &y, = 0 for all m).

2.2 Cost Function and Supply

I follow Byrne et al. (2022)’s notation to define the cost function. For each product j in market
m, researchers observe output gj,, market size, Qp, = @jm/Sjm, L x 1 vector of input price wy,
and cost Cjp,. The true cost (in short, cost) C7J,, is assumed to be measured with error, i.e.
Cim = C;m + Ucjm, where I assume .y, is i.i.d. normally distributed. The cost C;m is assumed
to be a function of output, input prices w,,, observed product characteristics x;,, and a cost
shock vj,,. That is,

* .
ij =C (Qjma Wi,y Xjmy Ujm; 00) )

where 6, is a parameter vector. C'(-) is assumed to be strictly increasing and continuously
differentiable in output and cost shock.

Assuming that there is one firm for each product, firm j’s profit function is as follows:
Tim = Pjm X Qjm — C (erm Wm, Xjm, Ujm; 08) :

Let M R;,, be the marginal revenue of firm j in market m. I follow the literature and assume
that firms act as differentiated products Bertrand price competitors. Therefore, the equation
below holds from the F.O.C:
-1
apjmqjm 85]' (Pm, X, ém; 0d)

MHjm = Oy Lim T %m Opjm

MR;

OC (¢jm> Wm, Xjm, Ujm; 0.)
qum '
MC;

In logit demand specification, it can be expressed as:

1

im

I assume the following production function:
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q = exp (x)—(ac+5c)/n exp (U)—(achﬁc) Lo KPe,

where w represents the labor input cost and r stands for the capital rental rate. The cost and
marginal cost functions are given as follows:

w ac/(ac+Be) r Be/(ac+Be) |
C* (q,w,r,z,v) = |(ae+ Be) <> ( ) exp (zy + v) goethe (3)

0% 50

w ac/(cc+Be) r Be/(ae+pBe) L .
MC* (q,w,r,z,v) = <a> (6) exp (xy + v) qaethe (4)
S —— (5)
(ae+ Be) q

Throughout this paper, I use the logit demand and cost function derived from Cobb-Douglas

production function as the specific functional form example, unless noted otherwise.

2.3 Entry

For now, I assume that in each market, in period 1, there is only one potential entrant with one
product. Hence, from now on, whenever I discuss the entry model, I assume that any entrant
becomes a monopolist, and thus remove the subscript j. In period 1, the firm observes input prices
w,,, market size @QQ,,, observed product characteristics xX,,, unobserved product characteristics
(i.e, demand shock) &, cost shock v,,, entry shock €gy,, and the shock of being non-entrant
€om- Based on such information, firm decides whether to enter or not. The decision is based
on the anticipated period 2 profit. If the profit is higher than the entry cost plus the entry cost
shock minus the shock of staying out, then the firm enters. If otherwise, the firm stays out.

Below, I explain the model in more detail, where I discuss the period 2 profit maximizing
behavior of the monopolist first.

First, let the exogenous variables (W, Qum,Xm, Ems Um, €Bm, €0m) be given and known to
firms in both periods 1 and 2. In equilibrium, the profit maximizing monopolist choose p,, so

that marginal revenue equals marginal cost:

amem 1 oC (Qma Wi, Xms Um; ec)
M m = = Pm— T = M m =
k OGm b (1 —sm)a ¢ OGm (6)
dm = Qmsm (7)
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and the resulting profit is:

Tm, (Wma Qm>Xm, Em> Um, 0) = Pmgm — C (qmv Wi Xmsy Ums; ac) . (8)

Next, consider period 1. The firm enters if

™ (Wmv QmsXm, Ems Um, 0) —Ec +€gm > €om (9)

and stays out if

7T (WTTL? Qm7xm7€m7 UM79) - EC + EE?TL < 6O’m,v (10)

where E¢ is defined to be the entry cost parameter.
If I assume that both eg,, and €p,, follow i.i.d. type 1 extreme distribution, then period 1

entry probability can be expressed as follows

PT’(ﬂ' (Wm7Qm7Xm7€m7Um70) - EC + €EEm Z 60m>

B exp(ﬂ (Wins Qs Xims Emis Um, 0) — EC) 11
! + e:lcp(7r (Wins Qs X Ems Um, 0) — EC) | v

Next, I describe the independence condition I impose on the estimation.

2.4 Independence condition

I assume the Independence condition that the demand and supply shocks (&, vy,) are indepen-

dent to the input prices, observed product characteristics and the market size, (W, Xpm, Qm)-

f(xnu §m7 Um’wmv Qm) = f:c(xm’wma Qm)f&,’u (€m7 vm) (12)

The independence condition is for the population of all firms, which includes both entrants

and non-entrants.

2.5 Demand function estimation using instruments.

First, I review the IV based demand estimation by Berry (1994). Berry (1994) assumes that for
each market m = 1,... M researchers have data on prices p,,, market shares s,,, = [Som, S1m;---,SJ,,m)’

and observed product characteristics X,,, for all firms in the market. Then, the market shares

13



are described as follows:

- e>J<p (XjmB — pjma + &im) =1 (13)
1+ Zk:1 €xXp (kaﬁ — DkmQ + gk’m)
1
Som = 5 (14)
1+ Z/i& exp (kaﬁ — DkmQ + gkm)

Then, from Equations (13) and (14), I can derive the following equation:

10g (87m) — 10g (s0m) = Xjm/B — Pjma + &jm- (15)

Since the profit maximizing firm tends to have higher prices when the unobserved product quality
&§jm is high, the price and the error are likely to be positively correlated, violating the assumption
necessary for the OLS estimated parameters to be unbiased. To deal with this issue, researchers
use the instrumental variables (IV) estimation methods.

In the IV method, I assume I have variables zg;,,, that are orthogonal to the demand shock &;yy,

i.e., E[&jm|24jm| = 0 and are correlated with the price pj;,. Then, the orthogonality condition

E [§mlzajm] = E[(log (sjm) — log (Som) — XjmB + Pjm) |Zjm] = 0 (16)

identifies the demand parameters 3 and .

Commonly used examples of the instruments are: input prices w,, in market m, observed
product characteristics X,,, including those of own and rival firms in the market (BLP in-
struments), and prices of other markets (Hausman instruments). The logic of the Hausman
instruments is that prices of firms in other markets reflect the cost components that are common
to firms in all markets, which are assumed to be orthogonal to the demand shocks.

Equations (2) and (6) imply that demand parameters can potentially be identified if there
is data on marginal cost®. Even without such data, if the cost function is known or can be
estimated, I can take its derivative with respect to output to derive the marginal cost. BLP
assume that marginal cost is log-linear in output and observed product characteristics, i.e.,
MCjy = exp (WmY,, + Ujm)(see their Equation 3.1). They then use instruments to deal with
the endogeneity of output due to cost shocks and of prices due to demand shocks. As long as
the parametric specification of the supply side is accurate and there are enough instruments for

identification, the demand side orthogonality condition in Equation (16) and the one based on

8Genesove and Mullin (1998) use data on marginal cost to estimate the conduct parameters of the homogeneous
goods oligopoly model.
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the F.O.C. are sufficient for identifying demand parameters.

2.6 Cost function estimation using instruments

For the sake of simplicity in exposition, consider the following loglinear cost function.

lnC;m = co + InGjm X cq + INWjm X ¢y + INTjm X ¢ + TjmN) + Ujim

As with demand estimation, there are important endogeneity concerns with standard approaches
to estimating cost functions. Specifically, output g¢;,, is endogenously determined by profit-
maximizing firms as described in Equation (2). That is, all else being equal, less efficient firms
tend to produce less. Thus, output is potentially negatively correlated with the cost shock vjy,.
Then, the RHS variable can be correlated with the cost shock vj,,, which corresponds to the
error term in this equation. Such correlation between the RHS variable and the error term again
leads to bias in the OLS estimation. In dealing with this issue, researchers have traditionally
focused on selected industries where endogeneity can be ignored, or used instruments for output.

Researchers typically use demand shifters as instruments. Let us denote the vector of
cost instruments by zgj,. One can estimate 8. by relying on the orthogonality conditions:
E [Vjm|zsjm] = 0. Typical instruments that can be used for both the endogeneity of price in de-
mand function and the endogeneity of output in the cost function are the product characteristics
of rival firms in the same market:X,,. In the case of monopoly, I can use the market size Q;,

instead.

2.7 Bias due to entry

It is important to note that in conventional demand and cost function estimation, only data on
entrant firms are used to form the sample analog of the instrument orthogonality conditions.
Then, even if I assume instruments are valid for all firms (i.e., entrant and non-entrant firms),
the orthogonality conditions between the unobserved product characteristics and the instruments
may fail to approximately hold in sample. The reason is: profitable firms are more likely to
enter, producing a correlation between IV and demand /cost shocks among entrant firms. More
concretely, let us consider the input price as IV. If the input price is higher in a market than
in other markets, given other observed and unobserved variables in the profit function and the
shocks €gm, €om being the same, the firms there will have lower profits than those in other

markets, and thus, firms with low unobserved product quality, which would survive in other
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markets may not do so. Hence, across markets, I should find positive correlation between input
price and demand shock for entrants. Next, let us call those firms that have observed product
characteristics that are perceived by consumers to be of higher quality. Then, even if it has lower
unobserved product characteristics, it would have the same profit, and thus, the same entry
probability. Hence, entry behavior creates a negative correlation between the observed product
quality and the demand shock for entrants. Furthermore, cost shock in one market is likely
to be high if prices in other markets are high, due to the positive correlations in cost shocks
across markets. Then, this would result in lower profit than before, and thus, only firms with
high unobserved product characteristics would be able to enter, creating the positive correlation
between the Hausman instrment (prices of other markets) and the demand shock for entrants.
To illustrate the selection bias resulting from entry and the subsequent bias in demand and
cost function estimates generated by Berry (1994) approach, I conduct several Monte-Carlo
exercises. To do so, I generated the monopoly equilibrium price, output and profit for each
market m = 1,..., M. Then, using Equation (11), I simulate the entrant firm. The procedure
is as follows: Let £ be the set of entrant firms. For each m = 1,..., M, I draw 7, € U (0,1). 1

let me & if
exp (mm — Ec)
m > 5
1+ exp (mm — Ec)

and m ¢ & if otherwise.

In Table 2, I present the sample statistics, first, for the whole sample and then, for entrant
firms only. As I can see from Panel A of the table, the sample means and standard deviations
of all firms are close to the true values. However, when I look at Panel B, where I present the
sample statistics of the entrant firms, both the means and the standard deviations of the demand
and cost shocks are quite different from the true values, which indicates the selection bias. In
particular, the entrants have, on average, lower wages and rental rates than the nonentrants,
and tend to have higher unobserved product characteristics and lower cost than nonentrants. In
Panel C, I present the correlations between the instruments and the demand and cost shocks. In
the sample of all firms, the correlations are overall close to zero. However, for the entrants, the
correlation between the observed and unobserved product qualities are negative. This is due to
the negative correlation between observed and unobserved product qualities for firms with the
same profit, and thus, the same entry probability. The positive correlation between the observed
product characteristics and the cost shock for the entrants occurs for the same reason. The

reason for the correlations between the input prices and the unobserved product characteristics
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being positive is the same as well. These results suggest that if I restrict the sample to entrants,
the IV orthogonalities fail to hold.

I then use the above artificially generated sample and derive the OLS estimates and the
IV estimates using valid instruments, i.e. instruments that satisfy the instrument orthognality
conditions for the population of all firms, including non-entrants. In Table 3, I report the
parameter estimates. In Column (1), I present the OLS results and in Column (2), the IV results
when I use all firms. We can see that on average, the OLS estimated price parameter « is
downwardly biased (i.e. the price coefficient —« is upwardly biased). This is likely due to the
price endogeneity. However, when I used input prices and observed product characteristics as
instruments, the IV estimates are close to the true values, which demonstrates the validity of the
instruments. I then report the results in Column (3), where I only used the entrants as sample.
Then, both the price parameter and the parameter of the observed product characteristics are
downwardly biased. The source of bias for the price parameter is the positive correlation between
the price and the demand shock, and the positive correlation between the input price and the
observed product characteristics for entrant firms. Since the input prices and the output prices
are positively correlated, these correlation positively bias the price coefficient(i.e, negative bias on
the price parameter). In contrast, the observed product characteristics and the demand shock are
negatively correlated, resulting in the downward bias for the coefficient on the observed product
characteristics. Next, I report the same for the Cobb-Douglas cost function. The estimating

equation is:

1
e Jnw + e Inr + Ing +nz + v

InC* = Const +
ac—l-,Bc ac+/8c ac'i_/Bc

In Table 3, I report the parameter estimate a. and (.. I can see that the OLS estimates in
Column (1) are biased even if I use the simulated data for all firms, suggesting bias due to the
endogeneity of output. In contrast, the IV estimates in Column (2) are close to the true values
when I use simulated data for all firms, which again indicates the validity of the instruments.
However, the IV estimates have large bias if I use only data on entrant firms, as shown in Column
(3). The negative correlation between the output and the cost shock, shown in Panel B in Table
2, results in the downward bias of the output coefficients, and thus, upward bias of the estimate

of a. + B¢, which results in upward bias of the parameter estimates of «. and S..
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2.8 Estimation of Static Games

Ciliberto and Tamer (2009) considered the estimation of static entry games with multiple equi-
libria. Their contribution is that they derived the bounds of the entry probabilities without
imposing an arbitrary equilibrium selection rule. The basic idea of their methodology is, given
the parameters, first draw the entry shock for all entrants and non-entrants, compute all Nash
equilibria of the entry game. Then, for each combination of entrant firms, they derive the lower
bound of the entry probability. They do so by only choosing the nonentry equilibrium in multiple
equilibria situations. The upper bound of the entry probability can be computed similarly. They
then use these lower and upper bounds to estimate the bounds of the parameters of the entry
model.

Ciliberto et al. (2021) also use similar ideas. They add to the framework of Ciliberto and
Tamer (2009) the 2nd stage where the entrants play the differentiated products oligopoly pricing
game. They also modify the first stage and assume firms anticipate the equilibrium profit of
the 2nd stage pricing game, and decide whether to enter or not. Since the uniqueness of price
competition under the logit demand model is proven by Mizuno (2003), they ensure that the
issue of multiple equilibria only arises in the first-stage entry game. In the estimation of the
bounds of the parameters, they follow Ciliberto and Tamer (2009).

I first present a monopoly version of the entry model by Ciliberto et al. (2021). It consists

of the following three equations, and one moment condition.

1 Logit demand:

Insm —Insgm, = —pma+xXpmB+E&n (17)

2 F.O.C. of profit maximization:

1
Pm — m = MC = exp(Wne + XnY + Un) (18)
3 Entry
o 1 if (pm —exp (W@ + XmY + Um) )Qmsm — exp (Zm7Y) + €Em > €0m
em

0 if otherwise
(19)
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4 Orthogonality condition.

(Smavm;EEmvam) A (wmaxm7QmaZm) . (20)

Equation (17), is the logit demand equation. Equation (18) states that firms equate marginal
revenue to marginal cost. Its LHS is the marginal revenue of the logit market share demand,
and the RHS is the marginal cost function, which is specified as the log linear function of the
input price w,, and the cost shock v,.

Equation (19) describes the entry decision of the firm. The first term of the RHS is the profit,
where QS equals g, the output, and the 2nd term is the entry cost. The entry cost is a log
linear function of the observed variables z,,, which affects entry but does not enter in the profit
function, and thus, works as instruments for the endogenous entry choice of the firm. eg,,, €om
are the idiosyncratic shocks to the benefit of entering and staying out, respectively. I¢,, = 1 if
the firm is an entrant, i.e., if the benefit of entry is higher than the benefit of staying out, and
I, = 0 if otherwise. While the exogenous variables w,,,, @, Z,, and x,, are observable to the
researcher for all firms, including both entrants and non-entrants, the endogenous variables s,
Som, Pm are only observable for entrants, i.e., firms with I.,, = 1. Furthermore, &,,, v, and
€Em — €om are unobservable for all firms. They are assumed to be independent to w,,, Qm, Zm
and X,,, and Q,,.

In the literature, the identification of the above model relies on the orthogonality condition
in Equation (20). To use the moment condition effectively, the literature, such as Ciliberto et al.
(2021) and Aguirregabiria et al. (2024), assume that all the exogenous variables on the RHS
are observable. Then, given the exogenous variables and the orthogonality condition, given the
parameters of the unobserved variables on the LHS of the orthogonality condition, Ciliberto et al.
(2021) draw the unobserved variables, and compute the price, market share and other variables
for the entrant firms, and the entry probability. Then, they compare the simulated moments of
those variables to the ones in the data, and choose the parameters that makes the two sets of
moments the closest.

In the following paragraph, I replicate their methodology on the above entry model of monop-
olists. More concretely, given the parameters of the model, I can recover &,,, v, of the entrant

firms from Equations (17) and (18), and thus their empirical joint distribution of the entrant
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firms as well. Let us denote the empirical distribution of (&, vy,) of the entrant firms by

Fd (gm (smapmaxm) y Um (3m7pmywm) ‘Iem =1, Wy, Q?’mzmaxm; a7,67 30) . (21)

Next, given the parameters of the model and the exogenous variables (W, Qm, ZmXm ), generate

the equivalent distribution by simulation as follows:

Step 1 First, draw (&, Um, €m, €Om), using the orthogonality conditions in Equation (20),

where (Wy,, Xy, Qum, Zm) are observed in the data.

Step 2 Solve the profit maximization problem to derive Sy, Som, pm for all firms given wy,,

Qm, Zm and X, and (&, vy,) drawn in Step 1. Then, derive the profit.
Step 3 Given the profit m,,, simulate (€gm, €on) and derive I¢p,.

After repeated calculations, I can derive the simulated distribution of (&, v,,) entrants.

F? (fm (Sm>PmsXm) > Vm (Sms Py Win) Hem = 1, Win, Quny Zims X @, B, 0,7, fie0)s f(eE,eo)) .
(22)
Then, parameters can be estimated by choosing the ones that makes the the two distributions
defined in (21) and (22) as close as possible.

Aguirregabiria et al. (2024) uses the moment condition in Equation (20) to construct the entry
probability given the RHS variables, and then, after estimating the entry probability from the
sample frequency of entry conditional on the RHS variables, and then, constructs the population
moments which equals the sample moment weighted by the inverse of the entry probability.

Both identification strategies require observability of (W, ,X,Qm,Zm). In particular, it re-
quires that the product characteristics x,, is observable for both entrants and non-entrants. In
many industries, we know very little about the potential entrants, including their product char-
acteristics x,,,. The exception is the airline industry, in which a market is a specific route from an
airport to another, and the potential entrants are existing airliners, whose product characteristics
X, are known. Since they already operate in other routes, one could consider them as entrants
in the airline industry, thus not as potential entrants.

Now, consider the case where the product characteristics x,, are observable for the entrants,
but unobservable for the non-entrants. Then, even though I can derive the empirical distribution
in Equation (21), I cannot do so for the distribution in Equation (22). The reason is that

in order to derive the profit in step 2 for each each firm, including the nonentrant, I need to
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draw the missing x,, for the non-entrants in the data given the observable exogenous variables
(Zm, Wi, Q). However, I do not have any restrictions from the model that I can use to draw x,,
for the non-entrants, other than that they are orthogonal to the unobserved (&, U, €m, €0m)-

Without observing the product characteristics x,, for all firms including nonentrants, I cannot
conduct Step 1 of the simulation procedure, and thus, cannot derive the joint distribution of
(&my Um) for the entrants generated from the model, and compare the joint distribution derived
from the data on entrants, and choose the parameters that make those two distributions as close
as possible.

For similar reasons, without observing x,,, for all firms that includes non-entrants, we cannot
estimate the entry probability as a function of the observable exogenous variables (X, ,Zm, Win,Qm),
as is done in Aguirregabiria et al. (2024) and others in the literature as the first step, which then is
used for the sample selection bias correction, or to re-weight the moments for unbiased estimation
using only entrants.

Next, I discuss two different ways for the identification and estimation in such a situation.
First, since x,, is unobservable for the non-entrant, I propose an identification strategy, i.e.,
orthogonality condition that conditions on the product characteristics x,, of the entrant firm. I
show that identification can be established, but since it rests on the joint distribution of (S, pm)
being the same conditional on a specific variation of w,, given x,,, it is likely to be impractical
for the estimation of the structural parameters unless the sample size is extremely large. I show
in my Monte-Carlo exercises that significant biases of the parameter estimates remain even in
large sample size.

In the other identification strategy, I apply the recent results by Byrne et al. (2022) and
Imai et al. (2024) that use cost data to estimate the input price coefficients in cost function
and, in particular, the price coefficients in demand function and the output coefficients in cost
function that are subject to endogeneity problems. Since the estimation does not require any
instruments, I only need data on entrants to obtain consistent estimates of those key demand
and cost function parameters. As I have already shown in Column (3) of Table 3, conventional
IV estimates do not provide consistent results, due to the endogeneity of entry. I present the
results in Table 4 where I use the same data as those used in Column (3) of Table 3, but apply
the instrument-free procedure of Imai et al. (2024) using cost data. I can see that it delivers
consistent parameter estimates.

In the next section, I review the recent instrument-free approaches in demand and cost

function estimation, proposed by Byrne et al. (2022) and Imai et al. (2024).
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3 Instrument-free identification of demand and cost functions us-

ing cost data

This section outlines the method for estimating the demand and cost function parameters
(a, ag, Be) of the logit monopoly entry model, by applying the estimation strategy discussed
in Byrne et al. (2022) and Imai et al. (2024), who use cost data instead of instruments for their
identification. I do so before explaining the identification without the cost data because it also
uses some of their results. Their approach offers two main advantages. First, their model inher-
ently cancels out the cost shock in the estimation equation, eliminating the need for instrumental
variables. Second, the parameters can be estimated using data solely on entrants. This method
addresses selection bias due to entry, as the selection stems from unobserved demand and cost
shocks, which their model already accounts for. Consequently, researchers only need to fit the
modified parametric cost function to the observed costs. Extensions to oligopoly model and
random coefficient model discussed in Berry et al. (1995) are described in section 5.

To begin with, let £ be the set of markets with monopolist entrant. Then, I assume only

variables of firms in £ are observable. Then, the cost function can be expressed as follows:
Cnm = C:n, + Uem = c* (Qmawm7xmyvm; 000) + Uem, M € &

where C}, is the true cost and ucp, is the measurement error or the idiosyncratic component of
cost. I assume the error term u.,, to be independent to the output g¢,,, input price vector w,,,
vector of observed product characteristics x,,, and the demand variables, which are: price p;,

and market share s,,. Then, assume that the cost function is specified as follows:
C™ (Gms Win, Xy Um; 0c) = C (@ms Wins Xim; 0¢) @ (X, Un) -
Then, taking the marginal cost, I derive
MC™ (Gmy Win, Ximy U 0) = MC (Gms Wins Xm; 0¢) © (Xpm, Um)

where MC () is the derivative of the function C () with respect to the output g. Then,

C* (Gms Wims Xim, Um; 6c) - C (Gm> Wi, Xm; 0c)
MC* (Gms Wiy Xm, U 0c) %(qm,wm,xm;ec)

)
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which does not depend on the supply shock vy,.
If T assume Cobb-Douglas production function as in Equation (3), then from Equations (3)

and (5), I derive
c* (Qma Wi Xmsy Ums; ec)
MC* (me Wm, Xm, Um; 90)

= (ac + Be) Gm, meE. (23)

Note that the RHS does not contain the unobservable cost shock v,,. Furthermore, from the
F.O.C.,
MR (pm, SmsXm; 0q) = MC™ (G, Wi, X, Um; 0c) ,m € E. (24)

Under the logit demand assumption,

1
MR (pma Smy Xm; ed) =Pm — m-
m

Using Equations (24), (25) to substitute M R () for M C () in Equation (23), I obtain

C m> Wiy Xm; 0¢
c* (mewmvxmvvaGC) = E/(q  Wim, X ) MR(]?mavaxm;Hd) (26)
MC(QmanmeQGC)

= (@t Bt (v~ = yya ) (27)

This is how Imai et al. (2024) expressed the cost function as a function that does not have the
unobservable cost shock v,,, which was the source of the endogeneity bias.

Since the observed cost is the true cost function plus the measurement error, it can be specified

as follows:
ae+ 3
Crn = Pt (@0 + Be) = 72— gy m € € (28)
—Sm
I also use the Shephard’s lemma, which states:

Olnwiy, Cr

In the Cobb-Douglas cost function example, W, = (W, ), where wy, is the input price for
labor input, which I denote as L,,, and 7, is the input price for capital input,which I denote
as K,,. During the estimation, they only use the first L — 1 of the above equation because the
sum of L cost shares wyy, Ly, /Cy, adds up to one. Substituting CJ, in Equation (27) into the
Equation (29), I derive for the labor input,

WL = et <pm - W) . (30)
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I follow Imai et al. (2024) and assume that input cost is measured with error. Hence, the labor

input cost Cr,, is specified as
dm O

— E 31
1—8ma+ULm’m€ ( )

Crm = PmdmCc —

where up,, is the measurement error of the labor input cost.

In sum, the RHSs of the Equations (28) or (31) do not contain either cost shock or demand
shock. Their error terms are measurement errors that are assumed to be independent to all
observed and unobserved exogenous variables. Hence, the measurement errors are independent
to the endogenous RHS variables, even if I restrict the sample to entrant firms. Furthermore, price
enters in the first term of the RHS but not in the second term, and market share s, = ¢jm/@m
enters in the second term but not in the first. Those restrictions ensure that the two terms are
not collinear. Hence, I can obtain unbiased estimates of a. + . and (a¢ + ;) /a from Equation
(28) and unbiased estimates of a. and a./a from Equation (31), thus, consistent estimates of

Qe, Be and a.

4 Identification and estimation of entry cost and other parame-

ters under monopoly

4.1 Introduction to identification

In this section, I first discuss the identification of the model parameters, which includes the
price parameter «, the Cobb-Douglas production function parameters «, and ., the entry cost
parameter E¢, the coefficients of the observed product characteristics 3 and ~, and the joint
distribution of x, £, and v in the monopoly entry model I described in Subsection 2.3. In each
market m, I assume there is only one potential entrant that decides whether to enter in market

m as a monopolist or not. To begin with, I first derive a few identities:
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Insy, —In(1—sm) = —pma+ xXmB+ &n (32)

In [pm - _im)a] - ac‘j‘:ﬂc (Inwy, — Inag) + acicﬁc (In 7y — In Be)
+ (ac Jlr 5 1> In (Qmsm) + XmY + Unm
- acoj:ﬁc (Inwy — Inag) + aﬁcﬁc (In 7, — In B,)
+ (aciﬂc _ 1> In (s) + (%iﬁc _ 1) I (Qm) + X + v (33)
Tim = Pmm — Cry = Gm [(1 — e Be) P+ = ;r fe @ _18m)]
— 50O [(1 o o)+ 2 i _lsm)} (34)
Py (7tm) = Pr (1 — E + € > 0) (35)

Next, I first consider the case where I do not have cost data, i.e., I only have data on X, pm,
Sm, and ¢y = Qmsm for the entrant, and assume the demand function to be logit, as specified
in Equations (13) and (14) and the production cost function to be Cobb Douglas, as specified in
Equation (3).

4.1.1 Identification without cost data

Below, I propose to construct moments that only requires product characteristics for entrant

firms.

Proof of Identification: Please refer to Appendiz 9A.

Even though I showed that parameters are identified without the cost data, later Monte-
Carlo studies I provide demonstrate large biases of the estimated parameter R = a./ (e + f¢).
I claim that this is due to the source of the variation that identifies the parameter R being
conditional on x,,. That is, Ry is identified from (py,, $im,,) generated from any (wy,, ry,) satisfying
Rw,, + (1= R)r, = A conditional on x, = x having the same distribution. For such an
identification argument to work in the actual data, I would need large sample of data (wy,, Tm, Xm)
being close to (w,r,x). Monte-Carlo experiments demonstrate that large sample and large

variation of (wy,, rm,) are necessary for identification.
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Another issue is the unobservability of the number of potential entrants. Since potential
entrants are not observable, their number in a market cannot be observed either. Then, the entry
probability needs to be modified to include the number of potential entrants as the additional
variable. Then, if the number of potential entrant is correlated with the input prices, Ry =
aco/ (o + Beo) cannot be identified.

That is why I also discuss in the next subsection the identification of the model in markets
where I have cost data. I will see that in that case, identification requires far smaller sample
size, and even if we have variation in the number of potential entrants, which is unobservable
and correlated with the input price, as long as we have the cost data, we can identify the price

coefficient «v and the production function parameters o, and j..

4.1.2 Identification using cost data.

Proof of Identification: Please refer to Appendiz 9B.

Remarks: 1) As the above proof shows, for identification I only need data on entrant firms.
2) Obtaining the true cost C, of the entrants in the first stage allows us to derive the profit m,
for the entrants. Then, given m,,, I can condition on the entry probability, and thus, control for

the sample selection bias.

4.2 MCMC Estimation with Data Augmentation

I employ MCMC with data augmentation. I use uninformative prior so that the posterior is the
likelihood.

I first construct the log likelihood assuming that I observe data on non-entrants as well as
entrants. Then, the likelihood is based on the distribution of unobservable exogenous variables
(Uern> Ui Ems Ums €Bms €0m)- 1 assume that Wy, = (tem, um) ~ N (0,24), &, ~ N (pg,0¢),

Um ~ N (ly, 00), and (€gm, €om) are i.i.d. type 1 extreme value distributed. I denote

2
Ya1 = 0
2
Yu2 = 0y

Yyui2 = 2u21 = pPOc0]

Let Iy be the part of the log likelihood increment that is based on the measurement error

of cost. Then,
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1 1

where

1
Cr, = (ac+ Be) gm <pm - (1—3)04) (37)
Ulm = Uem = Cm - C:n (38)
Qe "
U2m =ULm = CLm e + /Bc m (39>

Next, let I, be the part of the log likelihood increment that is based on the utility and
cost shocks for all firms including non-entrants. In the monopoly model explained above,
(6, M) s a function of price and market share (py,, $i,,) given the observable exogenous variables

(Winy Ty @m ). 1 denote it as

(6ms m) = B ((Smy Pm) [Wimy T, Qi) -

More concretely, the firm specific exogenous component of utility is

Om = h1 ((Smapm) ‘wrmrm? Qm) =In (sm) —In (1 - Sm) + Pme (4())

and the unobservable component of the cost shock is, from the F.O.C.

1
m = h2 (3m7pm|wm77'm7Qm) =In < m (>

1—sm)a

Qe W, ﬁc Tm
_[ac R ( o ) A (ﬁc>

+ <ac i - 1) (InQu + Insi) |- (41)

Therefore, the likelihood of v, = (8, pm) conditional on (X, Wy, ry,) s

f ((Smypm) ’Xma Wins Ty Qi 9) = f(E,v) ([h [(vapm) ’wma T'm, Qm] - (Xmﬁa Xm’Y)D J((Em,vm)ﬁ(sm,pm))

where

a (va Um)
J(e0)=(smpm)) = HH

0 (Smapm)
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is the Jacobian.? The Jacobian can be derived as follows:

1
¢ = [S—i- 1—5} ds + adp
1 1
dv = |— — ds + 7d
[ MR(1—s)a <ac+ﬁc ) ] MR
1
MR = -
R b (1-35)a
Hence,
- % 1 @
T ) = . (42)
MR(l s)2a (ac+,8c ) s MR

Thus, the second component of the log likelihood increment for firm m, which is based on the

likelihood of (S, pm) conditional on the observable exogenous variables, is as follows:

lhm = lnf((sm,pm)|Xm,wmyrm7Qm;0)

= Infiew) (B (($m>Dm) [wWims Tms Qm) = (XmBs Xm¥)) + 10 (J(epom)—+(smpm))) - (43)

The third component of the log likelihood, which I denote as I, is based on the entry
probability. Since I assume that the entry shocks (€gm, €om) are i.i.d. type I extreme distribution

function, the entry probability can be expressed as

exp (pmgm — Cp, — Ec)
1+ exp (pmgm — Cf, — Eco)

PE(mem_C:n_EC):Pr(mem_Cy*n_EC+€EmZeOm):

Hence,

exp (PmGm — Co, — Ec) 1
lem = 1 I l I :
! (1 Teap (omim — Ci — B0) ) L S T e — O — By ) T EE)

m

Finally, the fourth component of the log likelihood is the distribution of x,, conditional on the

exogenous variables (wy,, T, @m) and the parameter vector of the distribution, O:

lxm = lnfx (Xm|wmyrmy Qma ax) .

Adding all components of the log likelihood, I derive the following log likelihood increments

9The use of Jacobian in likelihood evaluation for MCMC can be seen in Jiang et al. (2009)
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for firm m. Let u,, be defined as in Equations (38), (39) and C, as in Equation (37). Then,

- (Smapma Wiy T'm, va Cmv CLmv 8)

K 1 1
= {—2ln7r - §ln |Zu| — 2u;n2u1um:| I(meg)

Hnfieoy (B (S Pm) [0, Ty Qi) = KinBs X)) + 10 (T 0m) > (smmpm)))

mem_C* _EC 1
I m I ! I .
o (1+e:vp(pmqm—0¢n—Ec)> (m &) +in <1+exp(mem_C;1_EC)> (m &)

+lnfx (Xm|’LUm, rmv va ex) (44)

Note that for lum, lpm, lem, and Iy, the likelihood increments includes non-entrant firms,
whose market level data, i.e., input prices (W, m,Q@m) are observable but firm-level data
(Xms Sms Pms Cm, Crm) are not available. I use data augmentation techniques to simulate the
missing exogenous variable x,, and then, (S, pn,) for the non-entrant firms. Given the param-
eters, observables (W, Tm, Q) and the augmented (X, Sy, Pm ), I can derive the unobservable
shocks (§m, Um ), and then, the true cost C,. In principle, I can also draw the measurement error
vector (U1, Uam) for the potential entrants as well. Note, however, that the measurement errors
are independent to any exogenous and endogenous variables, and thus, independent to the entry
decision. Hence, drawing measurement errors does not help in the estimation of any parameters
of interest. Therefore, I do not augment the missing measurement errors of the non-entrants. In

the following, I discuss the data augmentation in more detail.

4.2.1 Data Augmentation

Given (W, Tm, @m), we explain the procedure at iteration ¢. At the beginning of iteration ¢ (or
at the end of iteration ¢t — 1), we have (X%_l), sg,tfl),p%_l)» and the parameter vector o1
which includes (B(t_l),'y(t_l), 0,(f 71)) from iteration ¢ — 1. I then generate (xgﬁ), s,(f;), pﬁ,?) and

0™ . Since (Sm, Pm) and product characteristics x,, of entrants are observed, at iteration ¢, I set

(Xg)ﬁ?(z)apgo = (XM78mapm)7 m € 5

I then sample the unobserved (x%), 5,(7?,]37(7?) for nonentrants. I do so by repeating the below

procedure for each nonentrant firm m ¢ £.
1. Sampling x,, for m ¢ &: I first augment the missing xg@). To do so, I use the Random

walk Metropolis-Hastings algorithm, where, from & = 1 to K, I successively draw the proposal
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value for the kth element of the vector xS,? given others, to be the same. Now, denote the

components of the likelihood increment that includes x to be

Iy (sﬁi‘”,pﬁﬁ_l),wm,rm, Qm,X; 9(t_1)>
= Infiew (h ((s%’l),p,(fl» | Wiy Ty Qm) — (Xﬁ(tfl),x’y(tfl))) +In (J((gmwm)%(sm’pm)))
+infx (x|wm,rm, Qum, 055_1))

I sample using the Random Walk Metropolis-Hastings algorithm. The details are as follows

Let ngk) be the vector whose Ith element is:

(®)

m,l

T forl <k

20 for 1>k

and let x%’k)T be the vector whose [ th element is:

®)

T forl < k
7k —_—
:B’SfL,l)T = :ES;JI) +en, ey~ N (0,75) forl=kF-
P for | > k

Then, draw uniform distribution ey ~ U [0, 1], and let

(t,k)T 'f < e:l?p(lx (ngl_l)’pgrtl_l>7wm1Tm1Qm’xsfl7k>T;9(t_l)))
= I €
k U >

xq(fl),k = T(n’ | eacp(lx(sgfl)7p5ffl>,wm,rm,Qm,ngik>;0“’1)))
th . .
= T, if otherwise

2. Sampling (s,p) for m ¢ &: Given (xgﬁ),wm,rm,Qm;O(t_l)), I augment the missing

(Sm,Pm) for each nonentrant firm m ¢ £. I do so by using the Metropolis-Hastings algorithm.
Recall h(-) is specified as in Equations (40) and (41). Since the cost data is not observable, the

log likelihood increment that includes (Sp,, Pm) 1S lhm + lem, which is a function of (s, p) given

(wma Tm> @m, Xq(‘fz); 9(*1)) as below:

o) ((5:2) s s 7o Q15007
= nfic) (1 ((50) s rims Q%5070 = (0B XDy D) ) 10 (i) 5o
—In (1 + exp <mes -Cr, (s,p, Qm, 9(t71)> — E(Ct,fl))) , m¢é.
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We draw the proposal values (s, pm) as follows:

37(72)1- = S,,(;Lil) + ezlmv 62’1m ~ N <07 Tl)
p%)T = p%fl) + €z9my  €zgm N (O’ T2) ’

Then, draw uniform distribution ¢, ~ U [0, 1], and let

Ot O exp (L) ( (55101 v Qun i1 1001
(5“2 P ) ifea < ea:p(lgs;)p(((s(glml)’pg1)>),Zm7rm7gm::srtz);9(t1))>))

(s%),p%)) =
(sﬁff”, pg,tfl)) if otherwise

4.2.2 Estimation

() () (t)

After sampling (sm , D ,Xm), I generate iteration ¢ sample of the parameters. I first sample

(oz((;t), ét),a(t),Eg)> and then, the parameters of the distribution of the measurement errors.
Below, I collect the terms of the log likelihood increment of firm m which contain the parameters

(e, Be, vy, E¢), and construct the log likelihood as their sum over m.

Yo Be.0nBc)m

K 1 1
= l:—2ln7r - 5[71 lzu’ - 7u, 2_1um] I(m € 5) (45)

2 m u
lnf({,v) <h ((Smapm) ’wma Tm, Xm) - (meBa Xm'Y) ) +in (J((EM7Um)*>(Sm7pm))) (46)

mem_C:@_EC
l I e&
+n<1+ea:p(pmqm—0;‘n—Eo)> (m )

1
+in <
1+ exp (pmgm — C}, — E¢)

Jrmge), (47
M

l(ac»ﬂcva,EC) = Z l(ac,ﬁc,a,EC)m
m=1

Since (o, Bc) are the parameters of the cost function, they enter in C}, through Equations
(27). Since Equations (38) and (39) indicate u,, contains C,, and so does (47), they all contain
(e, Be). Furthermore, from Equations (40) and (41), we can see that h and its Jacobian in (46)
contain (o, B¢, ). Furthermore, Equation (47) contains F¢.

Let s® be the vector whose m" element is s%). Similarly for p®), w, r, Q. Also, let X®)

(t)

th row is X, .

be the matrix whose m
1. Sampling (ag), ét), a®, Eg?): I use the Random -Walk Metropolis-Hastings algorithm

to resample (agt),ﬂét),a(t),Eg)) First, I resample agt) as follows. I generate the candicate
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alt = oY 4 €a., Where €,, ~ N (0,74,). Then, draw €, ~ U [0, 1] and set

()t €0 (ae,por0, ) (5020w XO,Q. €10l D\al 1) )

= O if €a S _
agt) _ exp(l(ac,ﬁc,a,p;c)(vap(t)vW»rvX<t)vQ75%9(t 1>))
t—1 . .
ag ) if otherwise.

I denote 6 = (O(t_l) \ ozgtfl), agt)) and I do the same procedure for .. I generate the candicate

BT = g1 4 €s., where eg. ~ N (0,75,). Then, I draw €, ~ U [0, 1] and set

)t . eacp(l(acﬁcya’Ec) <s(t>7p(t),W,r,X(t)7Q75;,8£t”,6\,6’£t71>))
. = - if g, < - ; —
AU = a0 (g o0 m0) (50 P0 W, X(0,Q,,:0))

= @Et_l) if otherwise.

Next, I draw o¥) in the same way, by using the Metropolis-Hastings algorithm. I again use the
random-walk Metropolis-Hastings algorithm. I denote 0= <0(t*1) \ (a,(;t_l) , B((;t_l)) , (ag), Bét))>.
As before, 1 generate the candidate a®t = o= 4 ¢, where €, ~ N (0,74). Then, draw
€q ~ U [0,1] and

e:vp(l (s(” p® w,r X®) ,Q,,S;é))

= oWt ife, <
ot —

t—1)

= ol if otherwise.

Next, I draw Eg) in the same way, by using the Metropolis-Hastings algorithm. I again use the
random-walk Metropolis-Hastings algorithm. I denote

0= <0(t_1) \ (a?‘l), ﬁét_l), a(tfl)) , (ag), Bét), a(t)>). As before, I generate the candidate
Eg)T = Eg_l) + €, where €g, ~ N (0,75, ). Then, draw eg, ~ U [0,1] and

< ea:p(l(ac,ﬁc’ayEc) (s<t)7p(t) ,w,r,X(t)7Q7,8;E<Ct)f,5\Eg71)))

nt o
- E if € =
By = ¢ s 0 (1o a5 (5 PO wr X9 .QE0)

if otherwise.

2. Sampling (,B(t), ag)>, ('y(t), a@): Note that (3,-) only enter the log likelihood in Equa-

tion (44) in Infie ) (h ((Sm, Pm) [Wm;s Tms @m) — (XmB, XmY)) in the following form:

om = hi ((Smapm) |wma T'm, Qm) = Xm:B + gm

Mm = ha ((5msPm) [Wim, "m, @m) = XmY + U
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Therefore, we sample B(t) using the below linear regression equation with 3 to be the unknown

parameter to be estimated.

5% = inst) —n (1 - sgﬁ)) +pa® =xWB 4+ ¢,

)

Let 8® be the vector whose mt® clement is 6. Then, B® ~ N (E},ag_l)Q (X(t)’X(t))_1>
where

B- {Xm/x(w] s

Then, draw Ug) as follows:
i
02 16 M (6(t> X(t)g(t)> (5(t) _ X(t)/@(t))
I8 5 5

Next, I sample (’y(t), a.(yt )). I can use Equation (41) to derive n%) as follows.

1
® — @ _ -
( (1 — 87(7?) a(t))

NG w (® .
_ [% | Ym) P g Im
ol + g al al + g B

1
| ——— = 1] (InQm + InsD) | = xB~y + 0y, (48)
(agt) + 89 ) ( ) }

let n® be the vector whose m!” element is 775,?. Then, v) ~ N (ﬁ, J,(ytfl)Q (X(t)’X(t))_l) ,
where

-1
5= {X(t)’X(t)} X (1)

(t)
~

Then, draw o+’ as follows:

)2 M (fr,(t) — X(t)’)’(t)), (n(t) . X(t)’)’(t))

Finally, I draw 28’ as inverse Wishart distribution as follows.

Mg
S0 =G~ w <M5, 3 uggug?')

m=1
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where Mg is the number of entrant firms.

I report the results of the Monte-Carlo simulation using the method described above. The
initial parameters used here are identical to those in Table 1. I generated 4,000 hypothetical
markets where each market has one firm that either enters as a monopolist or remains a potential
entrant. I iterated the MCMC sampling process 10,000 times. I designated the first 5,000 samples
as the burn-in samples and only used the remaining samples for the posterior distribution. Table
5 displays the mean and standard deviation of the posterior distributions of the parameters. We
can see that the means are close to their true values, and the standard deviations are relatively
small. Figures 5 and 6 plot the generated parameters during the MCMC sampling process. The
figures clearly show the convergence of the MCMC sampled parameters to the true parameters.

These findings suggest that the estimation method successfully recovered the true parameters.

4.3 Estimation of monopoly entry without cost data.

Next, I present the results of the Monte-Carlo study where I modify the above MCMC sampling
procedures and assume that data on cost is not observable. Since the observed data does not
include data on cost, I need to eliminate the components of the likelihood function that includes
cost data as variable. That is, we eliminate l,,, from the log likelihood function in Equation
(44). Furthermore, in order to better relate to the identification argument, we express the profit
function as in Equation (34). That is,

Tm = mem_C:n:Qm |:pm_(a0+ﬁc>(m_(1_ls)a>:|

. ae + Be 1
= Qdm [(1_ac_/30)pm+ o (1—sm)]

I then have the following modified likelihood:

lm (Smyprm Wi, Ty @, 5)

lhm + lem + lxm

= 1nfiea) (0 (Smrm) [0 T @) = (B X)) + 10 (T )+ ()

+ln<1+€7;z(;fSEc)>I(m€5)+ln(1+€xp(71rm_EC)>I(mgé(‘:).

Hn fx (Xm Wi, 'y Q@ Ox) (49)
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where
Qe + Bc 1
(1—sm)

Data Augmentation: Let us now recall the data augmentation algorithm for the estimation

(50)

Tm = dm (1_ac_/86)pm

when cost data was available. Note that even in this case, for nonentrants, cost data was not
available. Hence, I could not construct the likelihood increment ., for them. That is why I
only used the likelihood increments Iy, lem, and lx,, for the data augmentation of (S, Pm, Xim)-
Because the likelihood increments l,,,, lom, and Iy, can be constructed even if the cost data is not
available, which is the case here, there is no need for any modification of the data augmentation
procedure. That is, I will conduct the data augmentation algorithm for nonentrant firms exactly
the same as before when the cost data were available for entrants.

Estimation:  Through data augmentation, I generated missing (sﬁn), pgn),xgn)) for the

non-entrant firms. I now estimate the subset of the demand, cost, and entry cost parameters

<oz((; ), ét), @, Eg)) and the parameters of the distribution of the measurement errors.

P ( O 0O v, X Qu, E; g(t—l)) (51)
= nfieay (P (5822 s 1y @ ) = (x @80, x(D 1) )
+ln (J fvaM)_) SMva))) (52)
exp 7Tm —E(t 1))
— I(meé)
1—|—exp 7rm—E( ))
I(m¢é). (53)

(t-1)

(t-1)

14 exp <7Tm E. )
(t—1)

b pen) iy AT

— @
T = 5§0Qm | (1- a0 (1) o
M
laofomEe) = D laefemEoym (55)
m=1

As before, I use the Random-Walk Metropolis-Hastings algorithm to resample . as follows.
I generate the candidate ot = 7Y 4 €a., Where €5, ~ N (0,7,,.). Then, draw ¢, ~ U [0, 1]
and

exp(l(acﬁc,oa,Ec) (S<t)7p(t) 7W,I‘,X<t)7Q7g;a§t)f79(t71)\a£t71)))
e:rp(l(ac,ﬁc,a,EC) (s(i)’p(t) ,w’r7x(t)’Q,£;0(t—1))>

t .
= if e, <

= o if otherwise
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I denote 6 = <0(t_1) \agtfl), ozgt)). Similarly, I use the Random -Walk Metropolis-Hastings
algorithm to sample Bét) as follows. I generate the candidate Bét” = 5£t_1) + €., where eg, ~
N (0,75,). Then, draw e, ~ U [0,1] and

_ 0t e, < Plantane) (VPO X0 @E8 B\5T))
- C a = a
B = 2P (Lo 5o 5e) (80 PO wr X(D,Q.E0) )

— 5?‘” if otherwise

Next, I draw « in the same way, by using the Metropolis-Hastings algorithm. I denote
0 = (0(t_1) \ (a((;t_l),ﬂét_l)> , <a£t),ﬁét)>>. I again use the random-walk Metropolis-Hastings
algorithm. As before, I generate the candidate a®f = a(®) + ¢,, where ¢, ~ N (0,7,). Then,
draw ¢, ~ U [0, 1] and

() p(t) (t) a®t g\ ot—1)
_ a(t)T if€a<exp<l(a075wa’EC)(s P ow,r, X Q& a ,0}0{ ))

a® — - exp(z(acﬂcwc)(s<t>,p<t>,w,r,x<t>,Q,g;e))
t—1)

= ol if otherwise

Next, I sample Eg) in the same way. I denote 0= (O(t_l) \ (a?*”, §H>, a(t_1)> , (oz((;t), ét), a(t)>>.
I again use the random-walk Metropolis-Hastings algorithm. As before, I generate the candidate

Eg)T = Eg) + €, where €g, ~ N (0,75, ). Then, draw eg, ~ U [0,1] and

O iy < P anseane) (PO wr XOQEE 0\5EY))
= l 6 ,Be,a, \
Eg) — c Ec = ea:p(l(ac e EC)(Su)vp(t),W,I‘,X“),Q,S;e)>

Egil) if otherwise

2. Sampling (,G(t), ag)), (‘y(t),agt)) I do the sampling in exactly the same way as in the
case of monopoly with cost data. Hence, I omit the exposition.

I conduct two Monte-Carlo simulations to verify the accuracy of the estimation method
mentioned in this subsection. I describe the results in Tables 6 and 7. The results in the two
tables are obtained from the estimation of the model generated samples under two different
parameter configurations. In particular, Table 6 presents the estimation of the model with a
relatively smaller variance for the variables (x, £, v) compared to the results in Table 7. Similar
to the analysis conducted in Table 5, I generated 4,000 hypothetical markets and ran the MCMC
simulation 10,000 times.

The results indicate that the estimates of the structural parameters are accurate when the

variance of the exogenous variables is small. However, the estimates tend to be biased as the
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variance increases. In particular, the posterior means «., 5. are 0.436 and 0.315, respectively.
Bias in a, suggests failure of identification based on Equation (93). This underscores the impor-
tance of including both demand and cost data in the estimation of structural parameters, rather

than relying solely on demand data from new entrants, especially when the sample size is small.

5 Oligopoly Model

In the earlier sections, I simplified the discussion by assuming only one potential entrant per
market, sidestepping the complexity of the computation of the entry equilibria. Now, I am
broadening the scope to include an oligopoly model. In order to avoid having to deal with
the issue of multiple equilibria pointed out by Ciliberto and Tamer (2009), Ciliberto et al.
(2021) and others, I introduce the concept of sequential entry. In this extended model, I assume
that nature assigns the probability of the timing of each firm’s move, which I also assume that
the econometrician has the knowledge of.' Even though this is a strong assumption, it is
useful because it is the key assumption to ensuring that the equilibrium outcomes are unique.
The methodology for identifying these outcomes remains consistent with that of the monopoly
model. T also showcase the results of Monte-Carlo simulations to validate my approach. These
simulations demonstrate that my method can accurately and reliably estimate the parameters

in question.

5.1 Random Timing of Entry Decision

Assume an oligopoly model where firms decide whether to enter the market or stay out in period
1 and when they enter, compete for prices in period 2. Let e,, be the vector of each firm’s choice
in market m, and ej,, is the choice of firm j. Firm j in market m chooses whether to enter or
stay out. That is,

1 if enter

ejm =
0 otherwise
As before, I denote &, to be the J,,, X1 vector whose jth elemct is £;,,, the unobserved product

characteristics of firm j € {1,...J,,} in market m € {1,..., M}. vy, Sm, Pm,Qm are similarly

defined. Similarly, bold characters represent vectors, except for X, = (X1m, X2m - - -, Xjmys - - -, XJom),

"The idea of assigning orders of entry is not new. For example, Li et al. (2022)assumes that firms that have
higher presence in each airport can move earlier to avoid the multiplicity of equilibria and estimate the demand
system.
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which is a product characteristics matrix consisting of vectors of characteristics of firm j in mar-
ket m. Let us assume that in period 1 firms choose the entry/exit decisions sequentially. Firm
J becomes the kth one to decide on entry with probability kjk,,. This probability is assumed
to be observed by the econometrician. If the econometrician does not have this information,
it is natural to assume that all firms have equal probability to be kth firm to decide, that is,

1 . .
Kjkm = 7. for all j, k, given an m.

5.1.1 Period 2: Price Competition

Let us first consider the period 2 where only n out of J firms entered the market. In this example,
we use the same market share function and the cost function in the monopoly model. Then,
as shown by Mizuno (2003), it is known in the literature that the price competition in such an
oligopoly model, given the entrant firms, is unique. Then, taking the price of other entrant firms

as given, each firm chooses the price according to the following profit maximizing problem:

arg IzI)laX ij(pm) Xm> Wi, ﬁ]ma UVim, va 9)
jm

where

Tim = Pjm X Qm X Sjim (pm7Xm7€]m>9d) - C]m(sjm (pm7Xm7€m79d) 7Qm7wmvvjma90)

Let us denote the equilibrium price of firm j in market m under n entrants as P, and their

profit as T

5.1.2 Period 1: Entry Decision

Let us assume that before entry, firms draw the random profit shock of entry efm and the shock
of not entering the market €;,,,. Firm j with n firms in the market will enter the market as long
as wj,, — Ec + eJEm > €jm, where E¢ is the entry cost. Let us write the net benefit from entry,

including the entry as: 77 = 75, — Ec + €5, — €jm.

5.1.3 Entry Equilibria

Firms move sequentially according to the probability of order the nature assigned them. Once the
order of the movement is realized, the game of firms’ sequential entry has a unique equilibrium.

As an illustrative example, let us consider an entry game where there are two potential entrants
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in market m and that firm 1 is randomly assigned to move first. Denote e, = (e1m, €2m) to be
the vector of entry decision, where e;,, equals one if firm j chooses to enter and zero otherwise.
Then, there are four possible outcomes: e, € {(1,1),(1,0),(0,1),(0,0)}. Those equilibria are

realized in the following scenario:
L. If 73 > 0,73 > 0, then e, = (1,1) is the Nash equilibrium.
2. Ifn2* > 0,735 < 0ormii < 0,755 < 0,71} >0, then e, = (1,0) is the Nash equilibrium.

.7r§7r>or §7T§7r§7r>,tenem:,1steas
3. If 72 <0, 0 2 < 0,73 < 0,7 <0 0, th 0,1) is the Nash

equilibrium.

4. If wi, < 0,7m3% <0, then e, = (0,0) is the Nash equilibrium.

5.1.4 Entry Probability

The entry probability is the the probability of realizing each Nash equilibrium. For example, if
there are two potential entrants in the market and the firm 1 moves first with a probability of

50%, the entry probability is given as follows: First, denote

Z,, = (Xm7 5ma N> Wm, Qm)

to be the vectors observed and unobserved product characteristics, cost shock for all firms, and
the vector of input prices and the market size of market m. Given those variables in market m,
and given the entry behavior of rival firms, firm j derives her profit from the monopoly /oligopoly

equilibrium of the pricing game. Below, I denote A (Z,,,e, = (1,1)) to be the set of entry
E O

m’m

and outside option shocks ( ) that results in the equilibrium entry vector to be (1,1). I
denote the same way for A (Z,,, e, = (0,0)). Note, that the set A (Z,,, e, = (1,0)) is different
depending on whether the firm 1 is the first mover or not. Hence, I additionally denote (I,1') in

which [ is the first mover firm and {’ is the 2nd mover firm. Then,
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A(Zm em = (1,1)) = { (€5, €5) : nx, > 0,755, > 0}
A(Zp, e = (1,0), (1L1) = (1,2)) = {(e&,€9) : (nf, > 0,777, <0)
U (mr < 0,m < 0,75 >0
(rf;, < 0.7 ) 56
A(Zm,em = (0,1), (1,1') = (1,2)) = {(e5,€9) : (7 < 0,775, > 0)
U (m < 0,5, < 0,7 < 0,mp%, >0)}

A(Zp,em = (0,0)) = { (€5, €5) : mir, < 0,730, <0}

Then, the entry probability for e,, € {(0,0),(1,1)} conditional on Z,, is

Pr(en|Z,,) = / f(e)de
€€A(Zm797n)

and for e,, € {(0,1),(1,0)}

f(e)de—i-}

1 /
2 Je€c A(Zm em,(L1)=(2,1))

PY’ €m Zm == /
( ’ ) 2 66A(Zm76m7(l7l/):(1?2))

[ (e)de
5.2 Likelihood Function

I carry the same definition for d;,, = X8 + &jm and 1njpy = XjmY + Vjm as section 4 and define
(6m,M,,) as the vector of (d;m,njm) in market m.
Then, in the market where e, = (1,1), (Sjm,Pjm), 7 = 1,2 are observable outcome of a

duopoly game. Then, (d,,,7,,) can be recovered by inverting the duopoly model as follows:

(5m7nm> =h ((Sm,pm) ‘wm7rm7 Qm) .

In other markets, at least one of the firm is not an entrant, thus, its market share and price
are unobservable. In that case, in constructing the likelihood, I assume (sjm,pjm) 7 = 1,2 when
each firm is a monopolist is observable. Then, as in the monopolist case, (Jjm,7;m) can be

recovered as follows:
(5jm777jm) =h ((Sjmapjm) |wma T'm, Qm) ] = 1) 2.

We will see later that for each market, we will generate such (sjm,pjm) j = 1,2. Then, the log
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likelihood increment of market m is

l (Xm7 6m7 N em’wma Qm)
= Inf (Xn|Wm, Qm) + lnf(g,u) (0m — X8, M, — Xiny)

+in (J (en)) + InPr(emn|Zy) ,

where
g myUjm .
ey < | T gz i en e (0.0.0.0). 0.0
in H% if otherwise
fEE-A(Zm,em) f (6) de Zf en € {(07 O) ’ (17 1)}
Pr (em|zm) = % €EA(Zm,em,(1,1)=(1,2)) f (6) de
+3 JecAZmentr)=21) £ (€) de if otherwise

Denote H = (Sy, Pm, Wi, "'m, @m ). Then, the first component of the log likelihood is

b = 10 (X010, Qo) Fe) (s (B) = X871, (HLy) — X,)

x J (en,) /eE.A(Zm,em) f(e)de

=Inf (Xm‘wma Qm) + l”f(g,v) (6m (Hm) — Xm0, M (Hm) - Xm7) +In (J (em))

+ InPr(em|Zy)

As the second component of the log-likelihood function, I add the following likelihood derived
by (36) to identify (a, o, Be):

J’VTL
lum = Y ( Inm — fln 1Bu| — 2 TV > u]m> I (mjeé) (57)
J
which the definitions of the variables inside (57) is identical to (36).

Using the two components, I define the likelihood function for market m as:

JIm
I = lhm + lum :Z( lmrffln|2 | — 5 iju u]m) -I(mjef)
J
(58)
+Inf (X | Wi, Tm, @Qm) + Infe o) (6m (H,) — X8, m,, (Hy) — X0ny)

+in(J (ep)) + InPr(em|Znm)
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5.3 Estimation Procedure

This section describes the estimation of the structural parameters.

5.3.1 Data Augmentation

I simulate the variables product characteristics, demand shocks, and cost shocks for nonentrant
firms using the above likelihood function. The augmentation technique is identical to the section
4, but this time I augment the variables for all nonentrants in the market.

First, I augment the product characteristics using the M-H algorithm.

()

1. Sampling xj,, for jm ¢ £: I first augment X; To do so, I use the Random walk

Metropolis-Hastings algorithm, where, from & = 1 to K of unobservables, I successively draw

(®)

the proposal value for the kth element of the vector Xy given all other firms to be the same.

Now, denote the components of the likelihood increment that includes x to be

b (85,71 Wi, Qun XU7D;:0070)

Jjm Jm

= Infgw (05700l = (XEDBED, XEDYD) ) i e (XD W, Q. 617

I sample using the Random Walk Metropolis-Hastings algorithm.
Let Xg{j *) be the matrix with its jth column, xgm ), being a vector whose [th element is:
2 for | < k

Jjm,l

xﬁ;}) forl >k

and let X%’j )1 be the vector whose Ith element of jth column is:

xgizll forl <k

o .
)i = § 2D 4oy, en ~ N (0,7p) for L=k
P for | > k

Then, draw uniform distribution ey ~ U [0, 1], and let

O i (B X2 )
’ if €

%k _ ) T Tmik U = exp(zx(a“ DD o QX <mk> 9<t 1>))
(t,k)

Jm,k

if otherwise
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2. Sampling §;,, for jm ¢ &: conduct the following sampling procedure for j =1, ..

'7m7

for jm € £, Unlike section 4, p and s cannot be expressed in a closed form, and therefore I sample

(t)

(0jm,njm) Given (xm ,wm,Qm;O(t_l)), I augment the missing (0, njm) for each nonentrant

(

firm jm ¢ €. 1 do so by using the Metropolis-Hastings algorithm. Let &f{j ) be the vector whose

[th element is:

i) _ 5D forl < j
Im
5D for 1>

and let 6%’j)T be the vector whose jth column is:

s for I < j
51(:7;jﬁ = 51(:,1_1) +en, exn~N(0,751) forl=jy
s for I > j
Let
l(5,7}) (5m7 Nms Wi, Qma Xom; 0)
= Inf (X |Wim, Qm) + Infigv) (Om — Xy My, — Xipy) + 0 (J ()
+ InPr(em|Zm)
where

Z’m = (Xm7 (sma nm7 Wi, Qm) .
Then, draw uniform distribution €, ~ U [0, 1], and let

. (t,9)t  (t—1) (t).g(t—1)
. exp(l 3, 0w M W, Qm, X' ;0
i 6%’]” if €, < << n)( (t.3) (t—=1) (t) ))
a(t’-j) — eIID(l((S,n) <6m’] Mm Wm:mexm ?0@_1)))
m

5%’j ) if otherwise

3. Sampling 7;,, for jm ¢ £: conduct the following sampling procedure for j =1,...

for jm € £. Let n,(f{j ) be the vector whose Ith element is:

(t.0) 171(2 forl < j
M ™ =

nl(i;l) forl >y
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and let ng,t{j ) be the vector whose jth column is:

(t)

M, forl < j

t.j _ .
Ul(mjﬁ = 77[(; Y4 en, en ~ N (0,7) forl=j
pi=n) for I > j

Then, draw uniform distribution €, ~ U [0, 1], and let

(t’j)T f < 6xp<l<5ﬂ7) (6’575«)7"%’j)T7Wm,Qm,Xg);0(t*1)))
Nm ife, < _ :
exp (l(é,n) (5%)777%’3) W ,Qm, XD 9t 1)))
(t.4)

N if otherwise

Note the difference between the data augmentation in the monopoly case and here in duopoly
case. In the monopoly case, I sampled (s, pr,) as the candidate draw for the Metropolis-Hastings
candidate draw and then, obtained (,,, 7m) by inversion. Let us consider the case of e,, = (1,0)
to explain the reason why I changed the algorithm. In this case, (1m,n1m) can be obtained
by using inversion from the data on (S1,,,P1m), and thus, it is more straightforward to draw
(02m, M2m), and then, compute (Sjm,Pjm), j = 1,2 under various monopoly/oligopoly situations

to evaluate Pr (ep|Zy,).

5.3.2 Estimation of the structural parameters

The estimation of the structural parameters is identical to section 4.

5.4 Monte-Carlo Simulation Result

I conducted a Monte-Carlo simulation to assess the accuracy of the estimation method detailed
in this section in recovering the true structural parameters. For this purpose, I created 2,000
hypothetical markets, each with two potential entrants. Each firm had a 50% chance of deciding
whether to enter the market before their competitor. The remaining aspects of the Monte-Carlo
simulation follow the same procedure as outlined in the analysis for Table 5.

The statistics of the posterior distributions are presented in Table 8, and the MCMC sam-
plings are shown in figures 7 and 8.

The results show that the parameters were estimated with high accuracy, demonstrating the

effectiveness of the proposed estimation procedure.
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5.5 Extension to the BLP model

The argument so far used the logit demand model developed by Berry (1994). However, their
model is known to have two major limitations. First, the model predicts an unrealistic substi-
tution pattern. The price market share elasticity is only a function of prices and market shares,
implying that all other variables, such as product and consumer characteristics, are irrelevant,
which is clearly a strong restriction. Second, the Independence from Irrelevant Alternatives
assumption is likely to be violated in the real world, which leads to unreliable counterfactual
analysis.

The estimation method developed by Berry et al. (1995) is an extension of Berry (1994), which
overcomes the two difficulties. The BLP model allows the consumer characteristics to enter the
market share equation by making the structural parameters to have a distribution. One of the
difficulties in implementing the BLP model is that now the market share function does not have
a closed form expression and thus researchers needs to simulate the random coefficient variables
to estimate the parameters.

Below, I show how to do the estimation when we adopt the BLP model to the demand side.

5.5.1 Economic Modell!

The BLP model can be derived by adding consumer demographics to the logit demand model.

Specifically, I consider the following utility function,

Uijm = TjmBi — WiDjm + & + €ijm,

(60)
1=t ... dn,j=1...,dp,m=1,.... M
where
(673 «
= + IID; (61)
Bi B

D; is a d x 1 vector of demographic variables and II is a matrix of parameters. The variable
is assumed to have different distributions F'(D) in different markets. The distributions in each
market can be identified non-parametrically. This variable represents the heterogeneity of con-
sumers in each market, such as gender, age, education level, income, etc. The utility from the
outside option is normalized to be €;0.,.

Due to the form of the utility function, the market share function and the marginal revenue

" This section uses notations similar to Nevo (2001).
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function does not have a closed formula.

B / exp(TjmfBi — WiDjm + Ejm)
Sjm =

dP(D 62
1+ Zq{;nl eXp(xrmBi — O4Prm + grm) ( ) ( )

—1
M Rjm, = pjm + Sjm (/ ;Sijm(1 = Sijm) dP(D)> (63)

Even though the marginal revenue function does not have a closed formula, Byrne et al. (2022)
showed that II is identified by equalizing M R and M C'. Thus including II in the utility function
does not affect my identification strategy; (26) and (29) still identifies the price coefficient, labor
and capital coefficients, and all random coefficients, and the rest of the parameters are identified

using the logic of section 4.1.2.

5.5.2 Estimation

To derive the likelihood function, I make slight changes to (57):

J,
UL 1 1 _ )
Ly = Z (—lmr - §ln |3u| — 2u9m2u1ujm> I (mjeé&)
J (64)
+Inf (X wm, rm, Qm) + lnf(g,u) (0m — X8, My, — Xiny) + InPr (€| Z,)
where the component of uj;, is defined as
R -1

Cim = (ac + Be)qim (ij + Sjm </ @i Sijm (1 — Sijm) dP(D)> )

(65)

—1
Cij = Qcqjm (pjm + Sim (/ aisijm(l - Sijm) dP(D)> > :

P shows the empirical distributions for D. The estimation of the structural parameters
proceeds just like section 5.3, the only difference is that I replace the integrals of equation (65)

with samplings from the empirical distributions.

5.5.3 Monte-Carlo Results

This section conducts a Monte-Carlo simulation that estimates the structural parameters in a

BLP model. In the simulation, the utility function looks like the following:
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Uijm = TjmPB — aPjm + BaTiZjm + 0pTiPjm + Ejm + €ijm (66)

The variable 7 is sampled from a Bernoulli distribution, generating either 1 or 0 with equal
probability, representing male and female, respectively. In the utility function, the terms B, m;xjp,
and a,m;pjm capture the fact that males and females have different utility structures. The
variable 7 is sampled 50 times for each market.

The demand-side parameters of interest are thus f,«, 8;, and «y. The cost-side setup is
identical to table 1. I run the MCMC 30,000 iterations and used the first 15,000 as burn-in
period. I followed the estimation procedure discussed in the previous subsection and report the
results in table 9. Each iterations’ samplings are drawn in figure 9 and 10.

The results show that the estimation strategy identifies the structural paremeters.

5.6 BLP with micromoments

Petrin (2002)’s paper was the first to extend BLP’s work by incorporating consumers’ individual
characteristics into the model using micromoment conditions. This innovation allowed Petrin to
reduce standard errors and achieve more precise estimates of the structural parameters. Conse-
quently, this method has gained popularity in demand analysis research, as evidenced by works
such as Ching et al. (2015), Miller and Weinberg (2017), Hackmann (2019), Farronato and Frad-
kin (2022), and many others.

In this subsection, I conduct a Monte-Carlo simulation to demonstrate that it reduces the
standard errors of random coefficient parameters. The utility function I consider is identical to
the one in a BLP model. I add the following two moment conditions to align the predicted and

observed number of male and female consumers:

E[consumer i is male|consumer i purchases product j| = # of male purchasing product j

E[consumer i is female|consumer i purchases product j| = # of female purchasing product j

(67)

To adapt the micromoments to the MCMC estimation approach, I convert the moment
conditions to quasi-likelihood functions, as discussed in Tanaka (2020). Let m(6) be the moment
such that E[m(#)] = 0. Assuming there are J markets in total and only one potential entrant

for simplicity, I define the quasi-likelihood function for each moment condition as follows:
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op) = (2) e [ Lnioymen] (69

where m(0) = %Z‘] m(0), is the sample analog of the moment condition, and D is the data. I
add equation (68) to likelihood function (64) and estimate the parameters.

Table 10 shows the estimation results, and Figures 11 and 12 illustrate the MCMC process.
The results indicate that the moments help minimize the variance of the posterior distributions

of the random coefficient parameters.

6 Empirical Analysis of the Skilled Nursing Facility Market

In this section, I apply the analytical method developed in the previous sections to estimate the
structural parameters of the skilled nursing facility (SNF) market and analyze the effect of the
Certificate of Need(CON) law.

With the increasing elderly population, Wisconsin has seen its state expenditures for nursing
homes increase significantly. To curb these escalating costs, the state implemented the CON
law.'? This legislation restricts the construction of new nursing facilities and the expansion of
existing ones. Although the CON law may have reduced government spending, a large body of
literature has studied its negative effects due to excess demand in the industry.

First, Gruenberg and Willemain (1982), Gertler (1989), and Gertler (1992) used both eco-
nomic theory and empirical studies to verify the relationship between excess demand and patients’
access to nursing homes. Limited supply led Medicaid patients to be rationed out, since their
reimbursement rate was significantly lower than that of private-pay patients (PPPs). This is
problematic for at least a couple of reasons. Firstly, low-income potential patients who need
professional assistance may not be able to get any treatment. Secondly, as Ettner (1993) pointed
out, the average hospital cost per patient-day for a semiprivate hospital room was $465 in 1985,
while the average nursing homes’ private patient price was only $1,456 per month. Since 40%
of nursing home residents come directly from hospitals, they note that supply constraints may
create inefficient government spending. Kotschy and Bloom (2022) examined data from 30 devel-
oped countries and found that difficulty in accessing nursing homes is a common issue globally.
Second, Nyman (1985), Nyman (1988a), Nyman (1988b), Harrington et al. (2000), Horn et al.
(2005), Lin (2015), Lu et al. (2021), and Kunz et al. (2024) considered various measures of

2The rationale of the CON law and its history is described in the following FTC document:
https://www.ftc.gov /sites/default /files/documents/reports/improving-health-care-dose-competition-report-
federal-trade-commission-and-department-justice /040723healthcarerpt.pdf
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nursing home quality and discuss its relationship with excess demand, most of them reporting
a negative relationship between the two variables. Nyman (1988a) pointed out that nursing
homes’ low quality was a well-known issue, as officially reported in the senate report in 1994.
Due to low Medicaid reimbursement and flat rates, reducing costs rather than engaging in qual-
ity competition provided greater benefits for nursing homes. Gupta et al. (2024) discussed the
relationship between health condition and private equity and finds that private equity ownership
increases mortality rate by 10%. Third, Norton (1992), Cohen and Spector (1996) , Grabowski
(2001), and Grabowski and Angelelli (2004), focused on Medicaid reimbursement rates and their
implications in relation to market outcomes. Especially, Grabowski (2001) and Grabowski and
Angelelli (2004) found a positive effect of an increase in Medicaid reimbursement rate on health
outcomes, although the CON may mitigate this effect. Fourth, Nyman (1994) explored the re-
lationship between price and excess demand, which they find a positive relationship between
the two variables. Bardey and Siciliani (2021) used two-sided economic model and finds that
the profits and wages for nurses become lower when the prices are regulated, and Heger et al.
(2022) used exogenous variation in Swiss care price regulation and finds that higher prices leads
to higher staffing ratio. Yang et al. (2022) offered a literature review regarding pricing behavior
and concentration in the industry.

However, as pointed out in Ching et al. (2015), most of the empirical strategies in the existing
literature use reduced-form estimation methods, which have several limitations. First, they
cannot estimate social welfare. Second, their estimation strategies often suffer from endogeneity
issues. For example, Gertler (1989) analyzed the effect of excess demand on quality by running
regressions that include measures of excess demand and the Herfindahl-Hirschman Index (HHI)
in the right hand side to control for market structure. However, as Miller et al. (2022) pointed
out, both excess demand and HHI are market outcomes influenced by observed and unobserved
shocks. As a result, it is impossible to establish causal relationship between the two endogenous
variables. Analysis of effect of excess demand on market structure requires a structural approach.

Recent papers have begun using structural approaches to analyze the effect of excess demand
and the market structure. Ching et al. (2015) developed a static oligopoly model based on
Berry et al. (1995) to estimate private-patient demand. They use the estimated parameters to
quantify the rationing effect of the CON law. However, since they only model the demand side,
they cannot estimate the producer-side welfare, which is also essential in discussing the CON
law’s effect. Moreover, their static model cannot fully analyze how profit competition between

firms promotes quality competition. Hackmann (2019) extended Ching et al. (2015)’s study by
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endogenizing nursing homes’ quality and explicitly modeling the cost side. In addition to the
static models shown above, there are several papers that use dynamic models to study the market
structure. Gowrisankaran and Town (1997) was one of the pioneers that used a full dynamic
model that leveraged Ericson and Pakes (1995) model to estimate demand, cost, entry/exit cost,
income elasticity, and other parameters of the hospital market. This paper shows groundbreaking
results and implications that has a lot of common things with the nursing home industry, but it is
not possible to discuss the level of rationing with this economic model. Lin (2015) established a
dynamic model following Ericson and Pakes (1995), where nursing homes make dynamic decisions
about their treatment quality. They use panel data to identify the competition effect of profit
and entry cost. Nonetheless, their model is not suitable for analyzing the CON law as they do not
model consumer choices and the cost of production, making it impossible to quantify the social
effect of the CON law or the rationing effect. Grant et al. (2022) used Germany nursing homes’
market data and develops an entry model to study the competition of for-profit and non-profit
nursing homes. Since they simplify the profit function in order to focus on dynamic entry game
behavior, and Germany do not have laws similar to the CON law, measuring the effect of the
CON using this model is not suitable. Overall, there are no research papers that thoroughly
estimate the CON law’s effect and quality competition effect incorporating entry-exit models.
The research most closely related to mine is Hackmann (2019), who developed a model similar
to that of Ching et al. (2015). In their study, they endogenize nursing home quality, i.e. the
number of nurses per patient, and use a constant marginal cost function, estimating the model
using instrumental variables (IV). However, their model has several limitations. First, their
identification strategy using IV may be biased. They use Medicaid patients’ reimbursement
rate as an instrument for the demand shock, assuming that the cost variation is orthogonal to
unobserved preference shocks in the given nursing home county. However, this assumption does
not always hold, especially if the cost shock is serially correlated or correlated with the cost
structure, which cannot be verified. Secondly, they do not model the entry behavior of nursing
homes. Although the CON law restricts the construction of new nursing homes, the data in Table
1 show that the number of facilities has fluctuated significantly each year. Therefore, as discussed
in Table 3, the structural parameters are biased when the entry behavior of firms is not taken
into account. Third, they use a constant marginal cost function, which lacks flexibility due to
the lack of cost data. As demonstrated in my research, nursing homes exhibit increasing returns
to scale, which could bias their counterfactual simulations analyzing the impact of an increase in

Medicaid patients’ reimbursement rates on facility quality. Unlike Hackmann (2019), the model
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I use can estimate the cost function flexibly, as the estimation strategy does not require IV.
This paper uses the structural approach developed in the previous sections to answer the

following two major questions prevalent in Wisconsin’s skilled nursing home facility market:
1. What is the quantitative effect of the CON law on social welfare and rationing?
2. Does competition improve the quality of treatment?

Most of the previous studies mentioned so far have analyzed various types of nursing facilities in-
cluding skilled nursing facilities, nursing homes connected to hospitals, and home health agencies
without making clear distinctions between them. In my research, however, instead of analyzing
all types of nursing homes, I focus only on skilled nursing facility due to data limitation. Accord-
ing to California Department of Aging,a typical resident of SNF is ’a person who is chronically
ill or recuperating from an illness or surgery and needs regular nursing care and other health re-
lated services.” Unlike other types of nursing homes, a SNF ’is a temporary residence for patients
undergoing medically necessary rehabilitation treatment.’

Following Ching et al. (2015), the model I use assumes that private-pay patients (PPP) do
not face rationing, while Medicaid patients (MP) do face rationing. I use PPP’s discrete choice
outcomes to estimate the structural parameters and conduct counterfactual simulations of MP
using the estimated structure.

The model assumes that there is only one market, the state of Wisconsin, which includes a
total of 286 entrant SNFs and 286 unobservable nonentrant SNFs. However, since SNF’s orders
of entry are not observed, I need to assign probabilities of entry orders to firms as discussed
in section 5.1 to estimate the structural parameters, but calculating all possible orders of entry
for the existing 572 SNFs is infeasible, as it would require computing 572! (factorial) possible
orders. Instead, I assume that SNFs make entry-exit decisions in a monopolistic competition
environment. In the economic model used in this analysis, in period 0, SNFs calculate their
profit according to an unknown strategy and those who can achieve a positive profit announce
that they will enter the market and their price. In period 1, SNFs make entry and exit decisions
again, using the announced information to calculate their profits. During this period, SNFs face
monopolistic competition, where they assume that their entry-exit decisions do not affect other
SNF’s entry-exit decisions and their prices. Consequently, each SNF makes its entry and exit
decisions based on the assumption that the actions and prices of its competitors remain the same
as in period 0. This simplification makes the estimation tractable because each firms’ entry-exit

decision is no longer a function of other SNF’s entry-exit decisions. The monopolistic competition
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assumption is justified by the fact that each firm’s market share is very small, given the presence
of 572 SNFs in the market. The outcome of period 1 is observed by the econometrician in period
2. I estimate the model using Gibbs-in-Metropolis-Hastings MCMC.

This article also contributes to the literature on the estimation of nursing home cost func-
tions. The literature has used a variety of methods to measure the cost structure of nursing
homes. Vitaliano and Toren (1994), Hofler and Rungeling (1994), and Mutter et al. (2013)
use the stochastic frontier approach to examine the inefficiency of nursing homes. Bekele and
Holtmann (1987), Gertler and Waldman (1992), Filippini (2001), and Giorgio et al. (2016) use
the translog cost function structure to estimate flexible cost functions. Dudzinski et al. (1998)
use the Hedonic approach to find nursing home’s returns to scale, and Christensen (2004) use
quantile regression with a translog form to discuss the heterogeneity in efficiency. Some other
papers use reduced-form approaches; Knox et al. (2004) use regression models to discuss the
heterogeneity of efficiencies across different types of nursing homes, and Murmann et al. (2023)
use the propensity-score method to discuss the cost-effectiveness of transitional care in Canada.

However, to the best of the author’s knowledge, none of them address the endogeneity of
quantity. Production quantity is determined by a firm’s profit maximization problem. Therefore,
firms with higher marginal costs (or higher cost shocks) produce fewer products. Consequently,
there is likely a correlation between observed production quantity and unobserved heterogeneity
in cost structures or cost shocks. This issue has been overlooked in the literature due to a lack of
valid instrumental variables. In contrast, the estimation method used in this article circumvents
this problem by canceling out the unobserved cost components from the estimation equations.
I estimate the cost function derived from the Cobb-Douglas production function and discuss its
implications.

This paper is also one of the few to provide estimates of entry costs. Most papers rely on the
dynamic behaviour of firms to identify them using panel data. They find different estimation
results regarding entry costs; Gowrisankaran and Town (1997) finds the entry cost is statistically
insignificant to zero, while Lin (2015) and Grant et al. (2022) finds a large entry cost. My article
identifies the entry cost in a static game from a novel perspective; it identifies the entry cost from
observed firms’ profit distribution. Firms having large profit implies high entry cost in my model
because otherwise it cannot explain other potential entrants not entering the market despite the
market being profitable. I show that the entry cost is relatively small compared to the total cost,
as the mean of the profit distribution of SNF is close to zero.

The estimation results of my model carry significant policy implications. Firstly, the labor
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and capital elasticities are 0.698 and 0.662, respectively, summing to 1.361. This result implies
increasing returns to scale, a finding corroborated by previous research(e.g. Bekele and Holtmann
(1987), Filippini (2001)). Such insights are crucial for policymaking, indicating that government
initiatives to invest in SNFs would be more cost-effective if focused on expanding larger estab-
lishments rather than building many smaller ones. Secondly, the estimated daily entry cost for a
nursing home is $10.9, amounting to an annual cost of $4,102. This figure is considerably lower
compared to the total operational costs, which average $11,704 daily, or approximately $4.27
million annually. This disparity likely stems from intense competition within the SNF sector,
with the entry cost in my model identified from firms’ profitability.

In conducting a series of counterfactual simulations using estimated demand, cost, and entry
parameters, I first evaluated the impact of the Certificate of Need (CON) law on rationing effects
and social welfare. Assuming the absence of the CON law, an additional 17,287 patients would
have access to SNFs. Furthermore, both consumer and producer surplus would increase by $868
million and $165 million annually, respectively. Meanwhile, government expenditure would rise
by $700 million, leading to an annual increase in social welfare of $333 million. This result
supports the findings of Ching et al. (2015), which suggest that current policy results in a net
welfare loss. Additionally, I analyzed the distribution of quality among nursing homes, comparing
current entrants to potential entrants. Utilizing Ching et al. (2015)’s measure of nursing home
quality, defined as x3+¢, I discovered that the average quality measure of entrants is 10% higher
than that of potential entrants. This indicates that entry-exit competition significantly improves
quality, offering a potential solution to the problem of substandard quality in nursing homes.

In the upcoming subsections, I first offer a detailed overview of the nursing home market
structure and regulatory environment in Wisconsin. Subsection 6.2 delves into the dataset I
used and present some key descriptive statistics that provide insight into the market. Following
that, Subsection 6.3 outlines the empirical strategy I employed to analyze the data and the
specific methodologies behind my analysis. Finally, subsection 6.4 discusses the results of my

estimations, highlighting the significant findings and their implications.

6.1 Structure of Wisconsin’s Nursing Home Market

This section closely follows Ching et al. (2015).
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6.1.1 Certificate of Need

Wisconsin has installed the CON law for nursing homes since 1980 under a clear purpose to man-
age the state budget, as is written in the state statutes: ’it exists in order to enable the state to
budget accurately for medical assistance and to allocate fiscal resources most appropriately...’'3.
Wisconsin has the statewide bed limit of 51,795 in 1999. Wisconsin also limits the number of
beds in each county; they allow nursing homes to increase their total number of beds when other
nursing home closes. As a result, the occupancy tend to be high, with an average of 91%.

Moreover, when somebody wants to build a nursing facility or a facility wants to expand
its capacity, they need to submit an application along with an application fee which is equal to
0.37% of the estimated project cost, but no less than $1,850 and no more than $37,000'4.

Due to this restriction, none of the nursing homes present from 1998 to 2002 changed their
bed capacity after entering the market. However, the number of nursing homes did change during
that period. Table 1 illustrates trends in the number of nursing homes. Although the Certificate
of Need (CON) regulation restricts changes in capacity and new entries for nursing homes, I
observed fluctuations in their numbers for the latter condition only. This observation supports

my economic model, which allows the entry and exit of firms in the market.

6.1.2 Quality of Care

Wisconsin has minimum staffing requirements for the number of nurse hours per bed'®. Specifi-

cally for every nursing facility,

e For each resident in need of intensive skilled nursing care, 3.25 hours per day, of which a

minimum of 0.65 hour shall be provided by a registered nurse or licensed practical nurse.

e For each resident in need of skilled nursing care, 2.5 hours per day, of which a minimum of

0.5 hour shall be provided by a registered nurse or licensed practical nurse.

e For each resident in need of intermediate or limited nursing care, 2.0 hours per day, of
which a minimum of 0.4 hour shall be provided by a registered nurse or licensed practical

nurse.

Furthermore, the Wisconsin Administration Code Chapter HFS 132 mandates that nursing

homes provide the same quality of care to all patients, regardless of the payment source or

13Wisconsin Statutes Chapter 150
“Wisconsin Statute, https://ij.org/report/conning-the-competition /state-profile/wisconsin/
15Wisconsin Statute, https://docs.legis.wisconsin.gov /statutes/statutes/50
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payment amount. Empirical research by Grabowski et al. (2008) confirms that patients with

different payment sources indeed receive the same quality of care.

6.1.3 Patients

In this research, I focus on two primary types of patients due to their differing payment methods:
private-pay patients and Medicaid patients. PPPs cover their expenses out-of-pocket, while MPs
receive government reimbursement for their care, with no out-of-pocket costs involved. Medi-
caid eligibility requires meeting strict income and asset qualifications, suggesting that switching
between these patient types is not feasible.

An additional assumption in my analysis is that PPPs do not experience rationing. Data
indicates that PPPs pay a significantly higher price for care compared to the reimbursement rate
for MPs. Consequently, I posit that SNFs prioritize filling their beds with PPPs first. Once all
PPPs have selected their accommodations, SNFs then allocate remaining beds to MPs. This
preference for PPPs is supported by findings from Ettner (1993), who noted longer waiting times
for MPs based on waitlist data. Furthermore, according to my data from Wisconsin in 2000, 22%
of patients in SNFs were PPPs, and 69% were MPs. These findings suggest that its impractical
for SNFs to rely solely on PPPs to fill their beds, and no SNF in the dataset had all beds occupied
exclusively by PPPs.

In summary, my model assumes that only MPs face rationing due to the preference of SNFs for
PPPs. This leads to the strategy where SNFs may equate marginal revenue (MR) to marginal
cost (MC) to attract PPPs and maximize their profit, but this balance might not hold when
accommodating MPs. Therefore, my analysis focuses on the choices and associated costs of

PPPs to estimate the model parameters.

6.2 Data

I combine four data sources: 1999 Wisconsin Annual Survey of Nursing Homes, Skilled Nursing
Facility Cost Report, 1999 Wisconsin Health Survey, and 2000 Census of Population.

The 1999 Wisconsin Annual Survey of Nursing Homes provide aggregate data of consumer
choices and characteristics of nursing homes. It contains the number of PPP, MP, capacity of
each nursing home, per-diem rate, and characteristics such as total number of nurses per bed,
licensed practical nurses, nursing assistants, therapist, and so on.

The Skilled Nursing Facility Cost Report provides detailed information on each nursing SNF’s

overall expenses, including total labor and capital costs. Additionally, this report, along with the
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1999 Wisconsin Annual Survey of Nursing Homes, records the number of nursing staff employed.
However, there are instances where the figures between the two sources does not match. In such
situations, I refer to the numbers provided by the 1999 Wisconsin Annual Survey of Nursing
Homes.'6

I use the remaining two datasets to derive the total potential patients in Wisconsin. 2000
Census of Population reveals the number of elderly people conditional on sex and income level
relative to the poverty line. 1999 Wisconsin Health Survey shows the percentage of elderly people
whose health condition is poor /fair/good/excellent.

Some nursing homes data are not reported in 1999 Wisconsin Annual Survey or Skilled
Nursing Facility Cost. I use the data of nursing homes that reports their data on both data
sources. Moreover, I exclude SNFs with zero MP, as they primarily treat Medicare patients or
patients with mental disorders. As a result, there are 286 SNFs used for the analysis.

The descriptive statics are given in table 11. The variables listed in the table are observable
for entrants only, except for the rental rate, for which I used the national policy rate in December
1999. I assume that the number of nonentrants is equal to the number of entrants. The mean
of the observed hourly wage rate is used as the hourly wage rate for non-entrants. The total
number of potential MPs is the number of people living in Wisconsin who are >65 years old and
whose income is below twice the Wisconsin poverty line with unhealty condition, resulting in a
total of 52,028 potential patients.

There are two types of product characteristics x. The first are variables that take only positive
values, such as nurses per bed, which I assume that they follow the log-normal distribution. The
second type of variables are dummies that indicate whether the nursing homes are government-
owned facilities, organized by nonprofit agencies, or organized by for-profit agencies. All nursing
homes fall into one of these three categories. I assume they follow the categorical distribution.
Going forward, I will use the terms 'nursing homes’, ’SNFs’, and 'firms’ interchangeably in this

article.

6.3 Economic Model

This section discusses the economic model of the SNF market. I assume that the entire state of

Wisconsin is the market, and that potential patients in the state choose whether or not to enter

1Even though the demand and cost data include information about three types of nursing facilities’ (skilled
nursing facilities (SNFs), nursing homes built along hospitals, and home health agencies), I have chosen to focus
solely on SNFs for this analysis. This is because nursing homes built along hospitals and home health agencies
report their total costs for all medical services combined, making it difficult to determine the specific costs
associated with nursing home services.
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a nursing home in the state.
There are 286 entrant nursing homes and 286 non-entrants in the Wisconsin market. There-
fore, computing the entry equilibrium by assigning probabilities to entry orders is infeasible

because it involves computing 572! patterns of sequential entry decisions and 2572

patterns of
hypothetical nursing home profits. Therefore, I make a simplifying assumption: each nursing
home faces monopolistic competition'”. Specifically, I assume that firms in this empirical model

make decisions in the following time frame:

e Period 0: Firms follow an unknown strategy and calculate their profit. Those who can

achieve a positive profit announce that they will enter the market and their price.

e Period 1: Firms make entry/exit and pricing decisions simultaneously again, assuming that
entry and pricing decisions in Period 0 remain fixed regardless of the firm’s decisions. As a
result of this assumption, I do not need to model the order of entry of firms, which makes
the estimation tractable. The econometrician needs only to compute the best response
price and its associated profit, given all other firms’ characteristics and decisions fixed,

which can be computed by solving a one-dimensional profit minimization problem.

e Period 2: Firms’ entry/exit and pricing equilibria are realized and the econometrician

observes the equilibrium.

I use this simplified competition model to construct the econometric model described in the
following subsections.

6.3.1 Demand, Supply, and Entry

The utility functions of PPP and MP are given as follows:

uy; = —apj +x;8+ & + €5

’UJ;? :H(Xjﬁ + fj) + €55

(69)

where the definition of the variables follows the previous chapters. « shows the difference of the
utility perceived between PPP and MP. MP does not have to pay the fee by themselves and thus

the price coefficient is not included in their utility function.

"The concept of monopolistic competition is not a new one. For instance, Melitz (2003) develops a trade
model in which firms assume the price levels of their competitors are fixed.
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The last term follows an i.i.d. extreme value distribution, and thus the market share of firm

7 is determined by the logit formula for PPP:

# cxp (—pjo + X8 + ) (70)
J L+, exp(—pra+ xx8 + &)

Since MP could face rationing, their market share cannot be expressed as a simple logit model
like PPP’s market share function. To deal with this issue, first I divide the Medicaid population
into R groups, {M{", M3",...,Mp'}. M{" show the Medicaid population who can choose any
nursing home, M3" show the population who can choose any nursing homes except for the one
which has been taken away from M[", and so on. Therefore the aggregate demand for MP is

calculated as

_ . exp (k(x;8 + &))
ny = Zr: M, L+ ey exp (K(xkB + &k)) (71>

and the market share of firm j’s MP patients is given as

o1+ > kes, exp (k(xxB + &)
The cost functions for PPP and MP are defined as:
ac/(ac+pBe) Be/(ae+Be)
Cf* = <;U> (;) X exp (X7 + vj) (I,(J;-/(aﬁﬁc))
C C (73)
Oéc/(ac“‘ﬂc) Bc/(occ‘f'ﬁc)
* w r Q¢ c
i = <> () X exp (x; + vj) qgj/.( +6e))
(6% Bc

where ¢p; and ¢,,; shows the number of PPP and MP in nursing home j, respectively. However,
the dataset only provides the combined total, C;’ Y+ ¢}, without reporting the individual costs
for PPP and MP separately. Thus, as a measure of the total cost for PPP, I use the total cost
of the nursing home multiplied by each nursing home’s share of PPP.

I also assume that the number of entrants and non-entrants is the same. Firms that announced
that they enter the market in period 1, j € J., decides to enter the market in period 2 if and

only if its profit from PPP is positive:

exp (—pja +x;8 + &)

7 =p; x+ MSP
J J 14> . exp(—pro + xi8 + &)

— Cp*(qu) > FEC —€j + ¢ (74)
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whereas the firms [ who did not announce the entry decides to enter to the market in period

2 if and only if:

exp (—pia+ %18 + &)

7P = px M SP x
L L+ > exp (—pra+ xx8 + &) + exp (—pra + x84+ &)

—CP(qpj) > EC—€1+¢

(75)
6.3.2 Econometric Model
Following the previous sections, the regression equations to identify (o, o, B.) are:
" 1
<1 — s? ) a
(76)

1
Cﬁj =Qclpj p? A tuL;
<1 — sj) o

First, I estimate («, a., 8.) by applying ordinary least squares (OLS) to equation (76). Then,
I estimate the remaining parameters, except x, by constructing the likelihood function and per-

forming Markov Chain Monte Carlo (MCMC) simulations using the following likelihood func-

tion!8:

Inf (x5,05,m;lw, Q) =Infx (xjlwj, Q;) + Infie) (0; — x;8,m; — x57) + InPr(Entry;)
K 1 1, (77)
+ —5ln7r — §ln || — §u3-26 tu;

'8 These parameters are estimated first because they can be easily obtained using an OLS model, allowing me to
explore different model setups while maintaining reasonable estimates of the three parameters. Estimating these
parameters first and then the remaining parameters requires a two-step bias correction, as discussed in Duncan
(1987), which is currently in progress.
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lj (85, pj, w5, 75, Qj5,C, CLj, €)

luj + lhj + lej + lxj

K 1 1 _ )
= |:—2ln7r — §ln DM 2u92u1uj:| 1(jeé)

Hnfiew) (R ((s5,p5) [wj, 75, Q) — (x;8,%x;7)) + In (J((5j7vj)—>(sjvpj)))

iqi —C — B, 1
Hin Pty = = — 2e IGe&)+in IG¢¢€)
L+ exp (ij]‘ i Ec) 1+ exp (quj —Cx — EC>
+l’l’lfx (x] ’w]7 ij Qja ax) (78)

where the entry probability is given by (74) and (75).
I describe each component of the likelihood function below:

First Component: The third component comes from equation MR = MC:

K 1 1
lcj = —EZTL’/T - §ln ‘EC’ - §u;n2c_1um (79)

Second Component: The second component, In f(e .y (h ((s5,p5) [wj, 75, Q;) — (%;8,%57))+

In (J((Ejﬂ)j)_}(sj,pj))) is the distribution of (£, v), which takes the functional form similar to (40)
and (41).

; : : p;q;—Ci—Ec .
Third Component: The third component, In <1+exp(quj—c;—Ec)) I(jeé&) +

1 . .1 .1
In < Tremp(nya,—C Ec)) I(j ¢ &) comes from the entry probability. The entry probability has
a closed formula because the entry shock follows the type 1 i.i.d. extreme distribution and the
monopolistic competition assumption.

Fourth Component: The last component is the likelihood of (x, 6, 7).

First, I define the distribution of x. In this empirical analysis, I assume that continuous

variables k of firm j follows the log-normal distribution:

w5 ~ LN (g, ox;z) (80)

while the dummy variables that indicate whether the nursing homes are governmental, non-profit,
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or for-profit follows the categorical distribution:'”

(Trj, Thr1j, Thyoj) ~ Categorical (pix, Dok, P3k)- (81)

¢ and v follow the normal distribution.
After estimating the demand parameters in PPP and cost parameters, I estimate x by equal-

izing the observed number of MP and predicted number of MP:

) 0 (o= S exp (F&(Xj/é + Sj))
K = argmin n, — r ~
K . J - 1+ ZkGJT exp (H(Xkﬁ + §k)>

where ,5' is the estimated 3.

6.3.3 Estimation: Data Augmentation and MCMC

Data Augmentation Method
I start this subsection by explaining how to augment x based on their distribution.
There are two types of product characteristics as discussed in the previous subsection. To

augment continuous z, first draw the proposal value x as follows:

X; = Xjk (83)
ﬂfjk = Zjr+en, en ~ N (0,k1) - (84)
where k is one of the variables in x;. While the proposal distribution becomes as follows for

the dummy variables:
b= xm (85)

k
111
:1;2 ~ Categorical (3,3,3) (86)

19The parameters of those distributions are given as follows:
Hxk ~ N(log(fﬂk)» Uik/m)v

oar ~ IVG(m/2, 37 (log(x k) — prj),

(p1k, P2k, P3k) ~ Dirichlet(3] rj, > Try1j, 2 Thios))
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Then, draw uniform distribution ey ~ U [0, 1], and let

F . e:cp(l <5j»pj7wj 7Tj7Qj’x;r';o)>
= x! ife < ] )
X] — J - exp( (Sjvpj7wj77‘j7Qj7Xj7 ))

= Xj if otherwise
Now, to augment (s, p), generate the proposal values as

8} =sj+ fsj»P} = DPj + €pj>

where €5; ~ N (0,75) and €5 ~ N (0,73,).

Then, draw uniform distribution €, ~ U [0, 1], and let

exp l s'r'vp-ij7w'7T'7QA7X';0
— () ife, < i )
(s,05) = FAES exp(l(s;,pj,w;,r;,Qj,%;530))
(sj,pj) if otherwise

Estimation of Structural Parameters
Now I discuss how to estimate the structural parameters.
Let & be the vector whose j element is d;. Similarly, let X, be the matrix whose Gt row is

x;. Then, draw 8 from 8 ~ N (,E), 0[23 (X’X)_1>, where
B=[X'x]""'Xs.

and a% is the sum of the residual squared.
Next, I draw 4. Let 1 be the vector whose j* element is n;. Then, vy ~ N (’?, 0,27 (X’X)_l)
, Where

7= [xX'X]"'X'n.
Next, I draw p5. Let uzi be the kth element of py,. Draw p,p as
pak ~ N(log(xk), 05p)-
e and pi,, are sampled as
pe ~ N(E08), o ~ N(5,07)
where £ and v are retrieved from the demand and cost functions. Similarly, o, that follows
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the log-normal distribution is drawn as follows:

U?ck ~1VG (m/27 Z(log(xkj> - ka)z/m>

k

o¢, 0y are drawn as:
of ~ IVG (m/2, £¢/2m), oo ~ IVG (m/2, v'v/2m)

The rest of the parameters, (EC, 0., 0y, p) are estimated using the Metropolis-Hastings Al-
gorithm.

Estimation Procedure The MCMC estimation procedure is summarized as follows.

1. Simulate (x, s, p) using the augmentation method.

2. For nonentrant nursing homes, derive the price and market share by solving their profit

maximizing problem.

3. Draw the structural parameters. Use the Metropolos-Hastings algorithm to sample (EC, p, o¢, o)

and use the Gibbs sampling for the rest of the parameters.

4. Repeat the steps 1 to 3 10,000 times. Use the last 5,000 samples of the structural parameters

to retrieve the posterior distribution of the parameters.

After all these parameters are estimated, I estimate x using (82). For Medicaid patients’ reim-

bursement rate, wage, and rental rate, I use the mean of the corresponding variables of entrants.

6.4 Results

Table 8 shows the estimation results. I report the mean and percentile statistics for the last
5,000 samples. My analysis has led to several noteworthy conclusions.

Firstly, the predicted mean own price elasticity, denoted by —4.097, closely mirrors the esti-
mate of —4.56 as reported by Ching et al. (2015). This parallel between my findings and those
of Ching et al. (2015) enhances the credibility of my estimation results, suggesting a robust
validation of my methodological approach.

Secondly, I find that the aggregate of o and 5. amounts to 1.361, signaling increasing returns
to scale. This finding is particularly relevant for policymaking, as it implies that government
initiatives to invest more in nursing home facilities, concentrating investments in larger establish-

ments proves more cost-efficient than constructing numerous smaller entities. This insight could
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significantly influence strategies aimed at optimizing healthcare infrastructure to accommodate
the growing elderly population.

Lastly, my calculations indicate an estimated daily entry cost of $10.9, or an annual figure of
$4, 102, markedly lower in comparison to the total operational costs; an average nursing home
incurs daily expenses of $11,704, or about $4.27 million annually. This discrepancy could be
attributed to the heightened competition within the nursing home sector. The distribution of
daily profits among nursing facilities, illustrated in Graph 13, provides further insight into this
competitive landscape. The profit, calculated as the revenue from the PPP (price multiplied by
the number of PPPs) less the total costs for the PPP (overall facility cost multiplied by the share
of PPP within the facility), shows a predominance of low-profit scenarios across the industry.
The median daily profit stands at merely $13.61, with only 40.5% of nursing homes achieving
daily profits that surpass the daily entry costs.

This situation suggests that the relatively low entry barrier encourages new firms to enter
the market, thereby escalating competition. While a higher entry cost might deter potential
entrants, allowing existing firms to enjoy higher profits, the current low barrier has led to an
environment where the median profit is nearly zero. This dynamic highlights the critical role
of entry costs in influencing market competition and the profitability landscape in the nursing
home industry.

Selection Effect

Firms in this model are more likely to enter the market when their profits are higher. Conse-
quently, nursing homes with higher £ values and lower v values are expected to enter the market
with a higher probability. To verify this, I estimated the kernel densities of £ and v for entrants
and compared them with the densities for all nursing homes. Figures 2 and 3 illustrate the
distribution comparisons between entrants and all nursing homes.

As anticipated, entrant nursing homes exhibit higher average & values and lower average
v values compared to the broader population of nursing homes. Additionally, the estimated
densities for entrants demonstrate lower variance, a finding corroborated by the counterfactual
simulations presented in Table 2. This evidence suggests that traditional instrumental variables
may be invalid when dealing with the endogeneity.

Ching et al. (2015) utilizes the metric x;8 + §; to evaluate the quality of nursing homes.

Figure 4 presents a comparison of the quality index between entrants and all nursing homes.?’

20The distribution of the quality index for all nursing homes was derived by simulating x and ¢ and subsequently
estimating using the kernel density method.
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The average quality index of entrants is -4.82, compared to -5.34 for all potential entrants,
indicating a 9.6% improvement. This comparison highlights the differences in quality measures

and supports the findings regarding the market entry behavior of nursing homes.

6.5 Counterfactual Simulations

This subsection describes the results of counterfactual simulations. At the year of 2000, nursing
homes could not increase their bed capacity due to the CON law. I simulated the market
assuming there are no such restriction.?! Under this counterfactual simulation, firm j’s market

share of MP is decided by the following equation:

gm exp (k(x;8 + &5))

i T 1 > kes, exp (k(xpB + &k))

(87)

Contrary to the market share with bed constraint, (72), the counterfactual market share is
determined solely by the characteristics of the nursing homes. The following subsection describes

the implications without the CON law.

6.5.1 Effect of the CON law on Social Welfare

First I calculate the consumer surplus following Ching et al. (2015). The consumer i’s surplus

under the bed restriction is given as

1

E[CS;] = —log Z exp(u]]') | . (88)
jE€Jr
where the total consumer surplus is given as
TCS™ =Y M.E[CS]}]. (89)
T

Under the counterfactual, the consumer #’s surplus is given by

E[CS™] = éE [max(u™)] = élog S exp(@™) | | (90)
JjeJ

21T did not simulate firms’ entry decisions because bed constraints do not affect firms’ entry decisions; firms in
this model decide based on the profit level of PPP. Therefore, all I did in this counterfactual was to recalculate
the entrant’s profit with a modified market share and calculate the social welfare.
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where @’ is the utility perceived from nursing home j’s characteristics®2.

’ The total consumer

surplus can be expressed as

TCS™ = M™E[CS™] (91)

Next, the producer surplus is calculated by summing the difference between the reimburse-

ment rate and the marginal cost for each nursing home.

286 9mj

PS = Z Z (p]" — MCy(i)) — EC (92)

The daily and annual consumer surplus increased by $2.46 million and $901 million, respec-
tively. The producer surplus increased by $444,821 daily and $162 million annually. Government
expenditure rose by $1.88 million daily and $689 million annually. Overall, the counterfactual

social welfare increased by $1.02 million daily or $374.3 million annually.

7 Conclusion

This paper introduces a novel instrument-free approach for estimating structural parameters
in differentiated products markets, specifically in cases where traditional instruments fail due
to endogenous entry decisions. The theoretical framework developed in this paper extends the
logit and random coefficient logit models of demand and cost estimation by incorporating firms’
entry-exit decisions into the market. While existing studies like Berry et al. (1995) provide tools
for estimating demand and supply parameters under static market conditions, they often ignore
the complexities introduced by firms’ strategic decisions to enter or exit a market. This oversight
leads to biased estimates, especially when firm-level data for non-entrants is unavailable, as is
often the case in industries with significant regulatory barriers like nursing homes.

The theoretical contribution of this paper lies in addressing these limitations by developing
an instrument-free estimation strategy, building on the recent methodologies proposed by Byrne
et al. (2022) and Imai et al. (2024). By utilizing available cost data and entrant firms’ profit func-
tions, this approach effectively circumvents the endogeneity issues without relying on traditional
instruments such as cost shifters or rival firms’ characteristics. Through Monte Carlo simula-
tions, I demonstrate that this approach yields consistent parameter estimates in oligopolistic

markets, even in the absence of data for non-entrant firms. This theoretical innovation signifi-

221 assume that MP and PPP have the same sensitivity towards price, i.e. price coefficient.
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cantly enhances the robustness of structural estimations in markets where firm entry decisions
are crucial but difficult to observe comprehensively.

Empirically, the paper applies this methodology to the nursing home industry in Wisconsin,
a market heavily regulated by the CON law. The CON law, designed to control costs by limiting
the expansion of healthcare facilities, has been widely criticized for creating excess demand and
limiting access to care, particularly for Medicaid patients. By applying the structural estimation
techniques developed in this paper, I quantify the impact of the CON law on market outcomes,
including social welfare, government spending, and the quality of care in SNFs.

The empirical results show that the repeal of the CON law would generate substantial welfare
gains. Specifically, the removal of entry restrictions would motivate 17,287 additional patients
to access nursing home care annually, leading to an increase in consumer surplus of $868 million
and producer surplus of $165 million. On the other hand, government expenditure is projected
to increase by $700 million due to higher Medicaid reimbursement rates and increased utilization
of services. However, despite this rise in government costs, the overall increase in social welfare
amounts to $333 million per year, highlighting the net positive impact of removing the CON law
on society.

Another key finding from the empirical analysis is the effect of competition on nursing home
quality. The quality measure used in the study, based on a structural model of private-pay
patients’ choices, indicates that the quality of care provided by current market entrants is ap-
proximately 9.6% higher than that of potential entrants. This suggests that market competition
driven by entry-exit dynamics plays a crucial role in improving service quality. The results
align with previous literature, such as Hackmann (2019), which emphasizes the importance of
competition in raising the standard of care in healthcare markets.

Moreover, the estimation results reveal that the aggregate of the cost parameters a,. and 3.
amounts to 1.361, signaling increasing returns to scale in the nursing home industry. Notably,
this study is the first to estimate these cost parameters while taking into account output endo-
geneity, addressing potential biases that arise when output levels are correlated with unobserved
cost factors. By accounting for output endogeneity, the analysis provides more accurate and
reliable estimates of the cost structure. This finding is particularly relevant for policymaking, as
it implies that government initiatives to invest more in nursing home facilities should concentrate
investments in larger establishments, which proves more cost-efficient than constructing numer-
ous smaller entities. This insight could significantly influence strategies aimed at optimizing

healthcare infrastructure to accommodate the growing elderly population.
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Despite these contributions, the study acknowledges certain limitations that present avenues
for future research. First, while econometricians do not need to observe non-entrants’ product
characteristics, they still need to observe the number of non-entrants to correctly identify the
parameters, which is a strong assumption. Therefore, the developed model is primarily applicable
in markets where researchers know which companies are considering entering the market but do
not have information about their products. Second, the supply side of the nursing home industry
is oversimplified due to the assumption of perfect competition in the labor market. However,
as reported in Nevidjon and Erickson (2001), the industry experiences a shortage of nurses,
invalidating the perfect competition assumption. Indeed, as shown in Table 11, nurse wages vary
across nursing homes, suggesting imperfect competition.

In conclusion, this paper makes significant contributions to both the theoretical and empir-
ical literature on market entry and competition by developing and applying a new estimation
strategy that effectively addresses the complexities of entry-exit decisions. The findings provide
strong evidence that easing regulatory barriers, such as the CON law, can substantially improve
market efficiency, increase social welfare, and enhance the quality of essential services. Future
research can build on this work by applying the instrument-free estimation methodology to other
regulated industries, thereby offering further insights into the broader effects of entry regulation

and competition on market outcomes.
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Table 1: Monte-Carlo Parameter Values

Parameter Description Value
(a) Demand-side parameters
@ Price coef 2.0
I} Product characteristic coef. mean 5.0
vy Product characteristic coef. mean 0.2
L Product characteristic mean 1.0
o Product characteristic std. dev. 1.0
s Unobserved product quality mean 0.0
o¢ Unobserved product quality std. dev. 2
QL Lower bound on market size 10
Qu Upper bound on market size 15
(b) Supply-side parameters
Qe Labor coef. in Cobb-Douglas prod. fun. 0.5
Be Capital coef. in Cobb-Douglas prod. fun. 0.3
haw log wage mean 0.0
Ow log wage std. dev. 1.0
Lo log rental rate mean 0.0
o Rental rate std. dev. 1.0
o log cost shock mean 0.0
Oy Cost shock std. dev. 1.0
E Entry cost 2.5
J Number of firms in each market 1
(c) Cost measurement error
Oc Measurement std. dev., cost 0.15
oy Measurement std. dev., labor cost 0.1
P Correlation between the measurement errors 0.5
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Table 2: Sample Statistics

A. Entrants and Non-entrants

Variable True Sample True Sample
Mean  Mean Std. Dev Std. Dev.
¥ 1.0 0.997 1.225 1.225
Inr* 0 0.002 1.0 1.001
Inw* 0 0.001 1.0 0.999
& 0 0.004 1.5 1.502
v* 0 0.002 1.0 1.000
Price 4.109 2.196
Quantity 3.067 3.985
B. Entrants
Variable True Sample True Sample
Mean  Mean Std. Dev Std. Dev.
T 1.0 1.297 1.225 1.192
Inr 0 -0.174 1.0 0.987
Inw 0 -0.265 1.0 1.451
13 0 0.679 1.5 1.289
v 0 -0.369 1.0 0.881
Price 4.624 2.057
Quantity 6.462 3.844
C. Correlation
Entrants and Non-Entrants Entrants
3 v 3 v
x 0.0001 -0.002 -0.143 0.073
r 0.002 0.002 0.058 -0.06
w 0.001 -0.003 0.078 -0.131
1S 1.0 -0.002 1.0 0.073
Price 0.2764 0.4368 0.2467  0.4145
Quantity 0.1795 -0.4660 0.13268 -0.4337

Table 3: Demand and cost IV estimates (sd in parenthesis)

(1) (2) (3)

Parameters True OLS Estimate (all) IV (all) IV (Entrants)
a 2.0 1.364 (0.028) 2.003 (0.072) 1.899 (0.173)
3 5.0 4111 (0.043)  5.003 (0.102)  4.601 (0.298)
Q. 0.5 0.637 (0.027) 0.499 (0.017)  0.561 (0.034)
Be 0.3 0.276 (0.026) 0.300 (0.016)  0.151 (0.058)
~ 0.2 0.321 (0.017)  0.199 (0.014)  0.007 (0.025)

# of markets: 2000.
The figures shown in table 3 and 4 are the mean of the 100 simulated results.
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Variables True MCMC (mean) sd
« 2 2.000 0.0005
Qc 0.5 0.499 0.0002
Be 0.3 0.299 0.0002

Table 4: IV-Free OLS estimation

Variables True MCMC (mean) sd
o 2 1.999 0.0003
Qe 0.5 0.5002 0.0001
Be 0.3 0.3000 0.0002
B ) 4.986 0.023
¥ 0.2 0.194 0.014

EC 2.5 2.517 0.085
Tmean 1 1.018 0.024
Emean 0 -0.035 0.060
Umean 0 0.011 0.029

Oz 1 0.969 0.021

oe 2 2.01 0.053
Oy 1 1.015 0.019
p 0.5 0.491 0.025
o} 0.1 0.097 0.002
o¢ 0.15 0.147 0.003

Table 5: Monte-Carlo result: MCMC Posterior Distributions, Monopoly

Variables True MCMC (mean)  sd
o 2.0 1.99 0.009
O 0.5 0.504 0.015
Be 0.3 0.298 0.015
B 5.0 4.984 0.023
0% 0.2 0.195 0.015

EC 2.5 2.515 0.087
Tmean 1 1.023 0.023
Emean 0 -0.026 0.062
Umean 0 0.021 0.031

Ox 1 0.947 0.018

o¢ 2 2.043 0.048
Ou 1 1.010 0.022

Table 6: Monte-Carlo result: MCMC Posterior Distributions Without Cost Data
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Variables True MCMC (mean) sd
a 2.0 2.105 0.0002
Qe 0.5 0.450 0.028
Be 0.3 0.3212 0.030
B 5.0 4.908 0.020
v 0.2 -0.012 0.014

EC 2.5 2.680 0.097
Tmean 1 1.162 0.058
Emean 0 0.097 0.101
Umnean 0 -0.087 0.068

Oz 3 2.257 0.068

o¢ 3 2.979 0.069

oy 3 2.374 0.046

Table 7: Monte-Carlo result: MCMC Posterior Distributions Without Cost Data, high variance

Variables True MCMC (mean) sd

a 2.0 1.999 1.1e-15
Qe 0.5 0.500 0.0002
Be 0.3 0.300 0.0002
B 5.0 4.952 0.0262

v 0.2 0.218 0.024
EC 2.0 2.027 0.073
Tmean 1 0.996 0.0255
Emean 0 -0.018 0.0515
Umean 0 0.006 0.0513
Oz 1 0.968 0.0139
¢ 2 2.008 0.0367
Ov 2 1.958 0.0350

Table 8: Monte-Carlo Simulation, Duopoly

Variables True MCMC (mean)  sd
o 2.0 2.012 0.001
O 0.5 0.498 0.000
Be 0.3 0.298 0.000
B 3.0 3.023 0.064
B 1.0 1.030 0.000
ayp 0.5 0.497 0.000
0% 0.2 0.263 0.043

EC 2.5 2.666 0.164
Tmean 1 1.108 0.064
Emean 0 0.017 0.118
Umnean 0 0.033 0.061

Oz 1 0.974 0.047

o¢ 2 2.091 0.094
Oy 1 1.080 0.049

Table 9: Monte-Carlo Simulation, BLP model



Variables True MCMC (mean) sd

a 2.0 2.037 0.0005
Qe 0.5 0.500 0.0009
Be 0.3 0.2851 0.004
B 3.0 3.076 0.0524
Ba 1.0 1.043 0.021
ayp 0.5 0.514 0.007
v 0.2 0.333 0.057

EC 2.5 2.215 0.173

Tmean 1 1.152 0.067

Emean 0 0.045 0.101

Vmean 0 0.357 0.084
Ou 1 1.004 0.043
o¢ 2 1.875 0.081
Ow 1 1.350 0.083

Table 10: Monte-Carlo Simulation: MCMC Posterior Distributions, BLP model with Moment
Conditions

Mean  Std. Dev. Min Max

Facility Characteristics

Price private-pay 131.81 20.6 93.0 205.0
Registered nurses 3.83 1.3 0.67 9.30
Licensed practical nurses 2.48 1.0 0.12 8.35
Nurse assistants/aids 12.74 3.0 420  25.18
Certified medication aides 0.15 0.4 0.0 2.38
Other services weekly hours per beds  12.55 4.1 3.94  34.66
Capacity (number of beds) 123.87 70.3 21 457
Occupancy rate 89.15% 9.7% 36.9% 100%
Ownership

Government 13.3% n.a. n.a. n.a.

Not-for-profit 33.2% n.a. n.a. n.a.
Cost Data
Daily Total Labor Cost 1583 1508 65.88 10832
Daily Total Capital Cost 1401 1492 79.67 13803
Hourly Wage Rate 12.72 2.78 5.48 35.0
Rental Rate(%) 6.375 0 6.375  6.375

Table 11: Descriptive Statistics. Number of observed nursing homes = 286
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Parameters(MCMC Estimator) Mean q0.025 q0.975
g

Registered nurse hours per bed -0.094 -0.519 0.342
Licensed practical nurse hours per bed 0.038 -0.443 0.526
Nurse assistant hours per bed 0.145 -0.091 0.385
Other service staff hours per bed 0.031 -0.203 0.262
Government -0.108 -1.026 0.780
Not-for-profit 0.221 -0.541 0.976
Constant -7.269  -9.151 -5.861
~

Other service staff hours per bed -0.011  -0.232 0.205
Government 0.088 -0.742 0.913
Not-for-profit 0.156  -0.560 0.843
Constant -1.395 -2.528 -0.258
oy 781.5  745.9 819.6
Oc 1181 1126 1244
p 0.955 0.945 0.963
EC($Annual) 4,015 -2.810 11,023
Parameters of distributions of x

Registered nurse hours per bed(Log-Normal)

n 1.288 1.251 1.329
o 0.368  0.338 0.407
Licensed practical nurse hours per bed(Log-Normal)

7 0.799  0.738 0.862
o 0.511  0.473 0.553
Nurse assistant hours per bed(Log-Normal)

1 2476 2419 2.520
o 0.257  0.230 0.281
Other service staff hours per bed(Log-Normal)

" 2442 2386 2.483
o 0.294 0.270 0.321
Government, Not-for-profit, For-profit(Categorical)

Government 0.129  0.093 0.171
Not-for-profit 0.332  0.280 0.388
For-profit 0.538  0.479 0.595
Parameter(OLS Estimator) Estimate SE

@ 3.109  1.579

Qe 0.698  0.023

Be 0.662  0.105

K 1.248  0.037

Mean own price elasticity 4.097

Iteration: 20,000 times. Burn in: first 10,000 iterations.

Table 12: Estimation Results of the nursing home market
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9 Appendix

Appendix A: Identification without cost data

Below, I propose to construct moments that only requires product characteristics for entrant
firms. In that case, I cannot condition on (W, 7m,Xm) to identify the choice probability or
construct the moment condition for the population that includes both entrant and non-entrant
firms. Therefore, the first step of identification only relies on the variation of (w,,, ry,) conditional
on (X, Q) of entrant firms.

1. Identification of Ry = ao/ (o + Beo)-

I first show that the true acp/ (a0 + Beo) is identified. To do so, I consider (X, @) as given.

Then, I show that in the model, the combination of w,,, r,, that satisfies

Q0 Beo
Qe + /BCO " Qe + /BCO " ( )

for a constant A results in the same joint distribution of (py,, $m). Given the assumptions and
the Equation (93), in Equations (32) and (33), the only remaining variation that determines
(Pm, Sm) in the population for all firms that includes entrant and non-entrant firms is the one
by (&m,Um). This is because all other components of the two equations (32) and (33) are either
assumed given or constant in the population. Furthermore, since the the profit in Equation
(34), and hence, the entry probability in Equation (35) are only functions of (py,, Sm ), they only
depend on the variation of (&, vm). Therefore, variation of (wy,, ) satisfying Equation (93)
does not change the distribution of (p,, sm,) of the entrants. On the other hand, if we consider

ae/ (e + Be) # acn/ (o + Beo), then restricting (wp,, rm) to satisfy

Q¢ Be
———Ilnwy, Inry, =A 94
ac+6cnw +ac+ﬂcnr ( )

results in variation of (wyy,, ) not satisfying Equation (93), thus, (pp,, Sm) of the entrant is not
independent to the variation of (wy,, ). Therefore, Ry = e/ (eo + Beo) is identified.

2. Identification of the entry probability Pg.

Next, I consider identification of the profit function and the entry probability function Pg. To

do so, I consider x,, as given and choose the combination of (wy,, rm, @m) that satisfies

1
ac_‘_ﬁc

Rolnw,, + (1 — Ry) Inry, + < 1> In(Qm)=A4 (95)
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for a constant A. Then, in Equations (32) and (33), given that the variation of (W, rm, Qm)
satisfy Equation (95), the only remaining exogenous variation comes from (&, vy, ). As before,
because of their independence to (W, 7m, @m, Xm), the generated (pp,, $m) from Equations (32)
and (33) in the population, which includes both entrant and nonentrant firms, have the same
distribution regardless of the variation in (w,, 7, Q). Hence, the only variation in the distri-
bution of the profit function comes from the variation of ),,. Hence, the conditional distribuion
of market size @, of entrant firms given (p,, sp,) identifies the entry probability as a function

of profit up to the monotone transformation. More formally, let us denote

Qe + Pe Qo + Dol
B=(1-ac—p)/ aﬂjBOE(l—Oéco—ﬁco)/:éOBO
CEQC+BC,CoEaCO+6CO.

« (7))

Then,

Pg <Qs [(1—ac—ﬂc)p+%;6"(1is)]> = Pp (ccgs [Bp+ 1iSD

Note that in the population that includes both entrants and non-entrants, from Equations (32),

(33) and (95),
f(s,p, Qw,r, A, x) = f (s, plw,r,Q, A, z) [ (Qlw,r, A, x) = f (s, p|A, 2) f (Qlw, 7, A, )
Taking expectation with respect to (w, ),
[ (5,0, QA ) = f (5,p|A, x) By [f (Qw, 7, A, )]

Then, given the entry probability (fg is the joint distribution of entrants),

fE (Sapv Q|Aa :1:)
Py (CQs [Bp+ -

= [ (s,plA,2) [ (QA; x) (96)
)

This identifies By and thus, the profit function is identified up to the multiplicative constant
C = (a.+ Be) /o

7 =CsQ [Bop—i-l].
1—s

Furthermore, by using Equation (96), given any C' # 0, I can identify the function g that satisfy
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the following property?:

g (CQS {Bop + 1:@]) Cg = Pgo <COQ5 [BOP + 1:9]) (97)

Without loss of generality, I set C' = 1. Then, g derived from above satisfies

g (QS [Bop + 11D Cr = Pgo <C'0QS [Bop + 1])
— s 1—s

for some Cg # 0.

Finally, I can derive Cg given C' = 1 using the below equation:

Then, I can identify the function h that satisfies

1 1
h(p,s,Q) = Ckg <SQ |:BOP+ HD = Py (COQS {Boer HD :
I then use the derived function h () for the construction of the population moment condition.
That is let
O1m = Insy —In(1— sm) + pma — X3
1
Yom = In {pm - (187n)a] — [Ro (Inwy, — Inac) + (1 — Ro) (Inry, — Infe)]
1
_ [(ac . 1) In(Qmsm) + xmfy] :
Then,
P1im
E|l——————xz,| = 0
|:h(pma5man) :|
P2m
El— P _ _wa | = 0
[h (P> Sms @) ]

These population moments identify the remaining parameters.

Z3The identification of this section implies that entry probability function g is nonparametrically identified,
and thus the entry cost is not identified. However, as modeled in the next section, once we impose parametric
assumption on function g, the entry cost is identified.
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Appendix B: Identification with cost data

I have already shown that the price coefficient of the logit market share function, o and the true
parameters of the Cobb-Douglas cost function, a. and (. are identified from Equations (28) and
(31) solely from the data on entrant firms. Furthermore, I can recover the true cost C};, using
Equation (27).

Next, for the entrant firms, I recover the firm specific exogenous component of demand and
cost, (O, Nm) where

Om = X + &m = NSy — INSom + P,

and

NMm = XmY + Um

for the parameterization in Equations (15) and (3). Using Equation (4) and M R,,, = M Cp,, N

can be recovered as

nm = In [Qm <pm - ﬂ—;)oz)]

Q¢
aC + BC

Be
aC + 50

(Inwy, — Ina,) — (Inry, — InB.) — Ingm

aC+/BC

Furthermore, I can recover the true profit as

Tm = Pm4m — C;kn

for the entrant firms.

I first show that B3, and =, are identified. This allows us to decompose the firm specific
exogenous components (d,,,7,) into the observed (x,,) and unobserved (&, vy,) components.
To do so, I use the independence condition between the observed product characteristics and
the observed demand and supply shocks. Then, I discuss the identification of the entry cost
parameter F, and the entry probability.

In order to recover the joint distribution of x,,, &, and wv,,, I use the assumption that
(Wi, @m, X ) are independent to &, and v, in the population that includes both entrants and
non-entrants. That is, the joint distribution of (X, &m, U ) conditional on (wp,, @y, ) is specified

as follows:

/ (Xm7€m7 Um‘wmv Qm) = fx (Xm|wma Qm) f(é,v) (vavm)
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where fx (x|w, @) is the density function of the distribution of x conditional on (w, @), and f¢ .,
is the joint distribution of the demand and cost shocks (£, v).

Note that if all potential entrants enter, and thus their variables are observable, then,
(T, Om, M) of all firms are observable. Furthermore, I have §,,, = 0,,—xm 8, and vy, = N —Xm Y.
If T assume that x and (£, v) are independent to each other, by applying the change of variables,
I obtain

1 (x,8,m|w, Q) dxdddn = f (xIw, Q) fie.) (€, v) dxdédv.

Therefore, if all firms are entrants, I can identify 8 and ~ from the independence condition

f (Xv 5) 77|W7 Q) = fx (X‘W, Q) f(g,v) (5 - Xﬂa n-— X’Y) :

To do so, I assume that the tail of the joint distribution f(¢ ., (,) converges to zero. That is,
figw) (§;v) can be made arbitrarily small by making €2 + v? sufficiently large.
Let (x,d0,m0), (%', 80, n5) such that 6y = xBy +&, no = xyy+ v, &) =x'By+&, 0y =x"v+v.

Then, dy —xBy = 0y — x'By = &, and 1y — xyy = 1y — X'y = v. Then,

F(x00,mw,Q)  fx (X[wW,Q) fiew) (6o —xBg,m0 — x7p)
f (x5 80, mplw, Q) fx (X |w, Q) f(gu (5 —x'By, 1My — x'v0)
fx (xIw, Q) few) (&v)  fx (x|w, Q)
fx (X |w, Q) f(ﬁ,v (&, ) fx (X|w, Q)

On the other hand, for (8,7v) # (B, 7o), let 6 = xB+& =0 +x(B—0y), n =xy+v =
m+x(y—70), & =xB+E&=0+x(B-08), 7" =xv+v=nup+x(y—7) Then,
§—xB =8 —xB =& and y—xy =1 —xy = v, but 6~ xBo = £ +x (8~ o) £ & — Xy =
§+x'(B—Bp), and n —xvg = v+ x(y =) # 0 —x"v = v+ x' (v =) . Therefore, for
(B,7) # (Bosv0),

few) (6 —xB,n —xv)

(v (0 =xX'B,y —x'y)

flew)y (E+x(B—=Bo),v+x(v—)) ” fx (x|w, Q)
(€w) (E+X (B =Bo), v+ X' (v =) * fx (X|w,Q)

fbnw.Q)  _ fx(xlw.Q
f(xlvélanl|W7Q) fx (X/’W7Q
(
(

~—

~—

fx (x|w, Q
fx X/’W) Q) f

~—

~—

for x’ = ax for sufficiently large scalar a > 0. This is due to the assumption of the tails of the

joint distribution converging to zero. Therefore, if I set (4,1) and (§’,7') as above, then

f 8w Q) fx(xlw. Q)
FO Q) fe(®w.Q)
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for any (x,x’, &, v) if and only if (8,7) = (Bo,Yo)-

Next, I consider the case where only a subset of firms enter. Then, as before, I specify the
entry probability to be a function of the profit minus the entry cost E-. That is, the entry
cost is specified as Pg (7 — Ec,w,Q) = Pg(pq — C* — Ec,w, Q). Furthermore, let Ir be the
dummy for the entrant firm. That is, Ir = 1 if the firm is an entrant and Iz = 0 if the firm is a

non-entrant. Then,

f(Xv 57777[E|W7Q)
= |Pe(pq—C" - Ec,w,Q) g+ (1—PE(pq—C*—EC,w,Q)) (1—IE)}

X fx (X|W7 Q) f({,v) (fa U) ) (99)

where (§,v) = (0 —x8,n7 — x7y) . Recall that for entrant firms, (w,Q,x,d,n,p,q, C*) are either
observable in the data or can be recovered from the procedure explained in Section 3.
Given the restriction of the model, profit can be expressed as 7 (w, @, §,n) . Furthermore, the

population density function conditional on (w, @) for entrants can be expressed as

f(X, 577771’“77@) = f(X7 57777[E‘W7Q7IE - 1) :

I also specify the entry probability for the potential entrant in market m, Pg,, to be an increasing

function of profit, i.e.
99

— > 0.
OTm,

Pg, = Pg (ﬂ'mawman) >
Hence, for entrants, I.,, = 1, and from Equation (99),

f(xm,50m7770m7 mean)
PE (7[' (Wm7 Qrm 507717 nOm) y Wi, Qm)

= fx (Xm|wm7 Qm) f(f,v) (Sm; Um) , meCE. (100)

Finally, given that I can obtain entry probability given (w,,,@,,) in the data, I have the
following equation with p (Wm, @m) being the probabilty of a market having one monopolist

given the exogenous and observable market condition (W, Q@ ):

E g (Tms Wns Q) [Winy Q] = P (Wi, Q) (101)

Then, I define the identification of 3 and ~ as follows: the parameters 8 and - are identified if
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the Equation

f (Xm7 Xm,B + §m, XmY + Um, 1‘Wm7 Qm)
g (71— (Wrm Qm,XmB + fm,xm’)’ + Um) y Wm, Qm)

= fx (Xm|Wm, Qm) fiev) (Emivm), mEE.
(102)

and Equation (101) hold for any entrant firm in the population if and only if (3,4) = (B, Yo)-

From now on until the end of the proof, the variables without subscript are the ones of the

entrant firms. That is, throughout the proof, I only use data on entrant firms for identification.
f (X7 507 Mo, 1‘W7 Q) =g <7T (W, Q? 507 770) y Wm, Qm) fX (X|W7 Q) f({;u) (50 - Xﬁ: Mo — X’Y)

f (X7 507 10, 1’W7 Q) =90 (7'(' (W7 Qa 507 770) y Wm, Qm) fxO (X‘Wa Q) f(f,v)() (60 - xﬁO) Mo — X’70)
(103)

Hence,

go (770 (W7 Qa 507 7)0) s Wm, Qm) _ fx (X|W, Q) f(f,v) (50 - X/87 o — X'7)
g (770 (W7 Q’ 507 7)0) y Wi, Qm) fxO (X|W7 Q) f(E,U)O (60 - X,@(), o — X7O)

(104)

Then, if (09 — %3¢, M0 — X7Y,) is independent of x, then (dp — x3, 1m0 — x7y) is independent of x
if and only if B8 = B and v = 7. Therefore, (8y,7,) is identified. Therefore, fi¢ .y = fi¢v)0-

Therefore,
g0 (71'0 (WaQa(SOanO) y W, Q) — fX (X’W, Q)
9(7T0 (W7Q7507770) y W, Q) fXO (X’W7Q)

In addition, since the LHS is not a function of x,

fx (x|w, Q)

Foxw.Q) ¢ (w,Q)

Then,
g <7TO (W7 Q') 507 770) s Wm, Qm)
o (w,Q)

That is, the entry probability and the conditional distribution of x are unidentified. For addi-

90 (770 (W7 Qa 507 770) y W, Qm) =

tional identification, I observe the entry probability conditional on (w, Q). Therefore, by setting

E g (mo (w,Q,00,m0),W,Q) W, Q)]
¢ (W, Q)

=F [g() (WO (W> Q7 (507 770) y W, Q) |W7 Q]

, T identify ¢ (w, @), and thus, go. Imposing a parametric assumption on g identifies E..
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