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Abstract

We develop a model of public-private hospital competition un-
der regulated prices, recognizing that hospitals are multi-service
firms and that equilibria depend on the interactions of patients,
hospital administrators, and physicians. We then use data from
China to calibrate a simulation model of the impact of China’s re-
cent payment and organizational reforms on cost, quality and ac-
cess. Both the analytic and simulation results show how providing
implicit insurance through distorted prices leads to over/under
use of services by profitability, which in turn fuels cost escala-
tion and reduces access for those who cannot afford to self-pay
for care. Simulations reveal the benefits of mixed payment and
expanded insurance cover for mitigating these distortions.
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1 Introduction

The recent epidemic of Severe Acute Respiratory Syndrome in China,
and its spread to many other countries, focused an international spotlight—
and attention among the top Chinese leadership—on health and health
care in the PRC. Despite China’s unprecedented economic growth and
success in lifting millions out of poverty, an important component of
the social protection system — health care — suffers from benign neglect.
For example, although the majority of Chinese had health insurance as
early as the 1970s, the majority lost such coverage during the decades
of economic reform. De-collectivization of agriculture removed the com-
munity financing mechanism in rural areas, and social health insurance
for formal-sector employees in urban areas covers only half of urban
residents (see Hsiao 1995; Henderson et al. 1995; World Bank 1997;
Liu, Hsiao and Eggleston 1999; Liu 2002; and Yip, Eggleston and Meng
2003).
Lack of explicit health insurance might not be a problem for social

welfare and human capital investment if government hospitals and clin-
ics provided services at minimal charge to patients, such as in a national
health service. But this is not the case in China: government hospitals
have always relied on user charges for up to half of their revenue, and sub-
sidies that once covered the other half of hospital revenues have shrunk
increasingly during the reform era. The backbone of assuring access for
basic healthcare in China has long been the administered price system
for medical services, with prices of “basic” services set low, often below
marginal cost. To allow providers to recover revenue, prices for other
services—most notably drugs and high technology diagnostic procedures
like CT and MRI scans—are set high, often well above average cost. As
China begins to embrace more market forces in the health sector, the
distorted incentives embodied in these administered prices increasingly
threaten to undermine efficiency and equity in the health care system.
The central aims of our paper are twofold: (1) to develop a model

of hospital - physician behavior under regulated prices, broadly applica-
ble to the health sectors in developing and transitional economies (as
well as many established market economies); and (2) to simulate the im-
pact of the latest Chinese pricing and payment reforms on cost control
and patient access. We focus on urban China, both because financing
and institutional constraints differ significantly between urban and rural
areas, and because the challenges facing urban China more closely re-
semble those of other transitional economies. Many such countries, like
China, are embracing reforms in organization, pricing and ownership
that may have wide-ranging implications for the efficiency and equity of
their health systems (Kornai and Eggleston 2001). Even in established
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market economies, considerable controversy surrounds the introduction
of market incentives in the health sector, such as promoting competi-
tion between public and private sector hospitals under regulated prices
or mandating other “quasi-market” reforms (e.g., Milne and Torsney
1997).1

Existing models of competition and regulated prices (e.g., Norman
and Thisse 2000) are not fully adequate for assessing the impact of
China’s reforms, because they are not tailored to the institutional fea-
tures of the health sector. In particular, models of competition fre-
quently are not appropriate in capturing limited consumer sovereignty in
healthcare, and the important role of the provider in shaping treatment
decisions and therefore market equilibrium outcomes. On the supply side
in health care, hospital administrators and physicians, who may have dif-
ferent objectives and relate to patients differently, both critically shape
available treatment. Moreover, a hospital is a multi-service firm, and
policies with different incentives across services will impact hospitals’
overall portfolio of investments and offerings. Theoretical contributions
focusing on public-private provision in the health sector (e.g., Barros
and Martinez-Giralt 2000, Ma forthcoming) focus on different institu-
tional and research questions than those posited here, and do not model
hospitals as multi-service firms.
We develop a model of public-private hospital competition under reg-

ulated prices, recognizing that hospitals are multi-service firms. Three
kinds of agents interact in the model: doctors, hospital administrators,
and patients. We use a shadow-price approach to capture supply-side be-
havior, interpreting the hospital-set shadow price as a kind of ‘reduced
form’ for the hospital-physician contract that includes service-specific
spending caps and payment incentives such as cost sharing between the
hospital administration and doctor(s). For a discussion of this approach,
see Frank, Glazer and McGuire (2000; hereafter FGM) and Eggleston

1Many market failures in the health sector suggest that hospital competition may
not lead to maximum social welfare. Pervasive uncertainty, acute asymmetry of in-
formation, health care provider market power, moral hazard induced by insurance
coverage, difficulty in measuring quality and outcomes–these factors may all com-
promise the efficiency-promoting effects of competition. Importantly, the existing
literature emphasizes that depending on the reimbursement system and other fac-
tors, competitive pressures can even drive quality investments beyond or below an
efficient level. Dranove and Satterthwaite (2000) summarize much of the research on
quality competition under cost reimbursement in the US–the “medical arms race.”
Kessler and McClellan (2000) study the welfare effects of hospital competition using
US Medicare data on beneficiaries’ treatment and outcomes for heart attacks between
1985 and 1994, when prospective payment began to prevail. They find that by the
1990s, competition unambiguously improved welfare, since competition led to both
lower treatment costs and improved patient outcomes.
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(2002). Doctors allocate the available resources across patients accord-
ing to patients’ needs, possibly influenced by the doctor’s own financial
incentives. Hospital administrators decide on hospital strategies such
as investment in high-tech equipment and the availability of staff and
equipment for basic services. They also choose compensation systems
for doctors. For example, the hospital administrator may set a budget
limit for spending on unprofitable services, but encourage use of prof-
itable services by giving doctors bonus payments according to utilization
of those services.
On the demand side, patients have limited choices. Unlike for many

other goods or services, the patient often lacks the time, information,
and/or acumen to choose ‘optimally’ between competing suppliers with
various prices and qualities of service. In particular, the patient fre-
quently cannot discern what treatment options are necessary or desir-
able for his or her specific medical condition, and how the quality of
any given hospital or physician compares to that of others. Providers
derive considerable power over patients from this asymmetry of informa-
tion and from the fact that medical care is a non-tradeable service (see
discussion in McGuire 2000). Nevertheless, consumers do have margins
of choice, even in the setting of China’s urban health sector. The pa-
tient can choose self-care rather than formal treatment (especially for
mild conditions), and typically can choose between hospitals. This is
the primary margin of choice that we include in the model. Once at
the hospital, the consumer has limited voice in the treatment decisions,
except to the extent that physicians take account of the patient’s needs
and ability to pay.
We use our model to derive analytic results and to calibrate a simu-

lation model of China’s pricing policies and organizational reforms that
will introduce public-private competition more directly into the urban
hospital sector. Both the analytic and simulation results show how pro-
viding implicit insurance through distorted prices leads to over/under
use of services by profitability, which in turn fuels cost escalation and
reduces access for those who cannot afford to self-pay for care. Simula-
tions reveal the benefits of mixed payment and expanded insurance cover
for mitigating these distortions and improving access while controlling
cost.
The paper is organized as follows. Section 2 provides background on

China’s urban health sector and administered pricing. Section 3 develops
the model and the analytic results. The following sections describe the
simulation model, analyze the results, and discuss policy implications.
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2 China’s Urban Health Sector and Recent Reforms

This section provides some background on China’s urban health sector
and recent reforms. For more detailed information on China’s health sec-
tor institutions, see Yip and Hsiao (1997), Hsiao and colleagues (2000),
Yip and Eggleston (2001), Liu (2002), and Yip, Eggleston and Meng
(2003).
China’s strategy for providing social protection for urban residents

includes city-based Social Health Insurance (SHI) for government em-
ployees and employees of state and private enterprises. These insurance
schemes currently cover approximately 50% of the urban population.
Coverage is financed with a payroll tax, nominally divided between
employer (6% of wages) and employee (2% of wages). The insurance
structure borrows from the Singaporean model of individual Medical
Savings Accounts (MSAs), combined with a Social Risk Pooling Fund
for catastrophic expenditures. Funding for outpatient services comes
primarily from MSAs and out-of-pocket payments. The Social Risk
Pooling Fund finances inpatient care, usually after the employee pays
a deductible equal to 10% of his or her annual wage. Patients are also
responsible for coinsurance, with rates that are graded and often feature
caps set by local government. The benefit package varies based on local
economic conditions. The majority of those not covered by SHI self-pay
for health services. This half of urban residents includes the dependents
of workers, those who are self-employed, migrant workers, and those who
work in the informal sector. Since these residents typically have lower in-
comes than employees in the formal sector, there is a positive correlation
between income and insurance coverage.
Delivery of medical services relies heavily on hospitals, which usually

have large outpatient clinics. Government-owned hospitals—managed
and operated by central, provincial and county governments—form the
backbone of the urban delivery system, accounting for about 50% of in-
patient beds. They were historically financed by government budgets,
but in recent years rely increasingly on user charges and profits from
sales of pharmaceuticals to cover operating expenses.2 State-owned en-

2Hsiao and colleagues (2002) describe this transformation as follows: “China’s
public hospitals have always charged patients for each item of service and drugs
given; the prices were set by the Price Commission. Before economic reforms, public
hospitals received about 50-60 percent of their revenues from these charges. The
remainder came from government subsidies, calculated to pay for the salaries of
health personnel. The government also paid for capital investments. When running
deficits, public hospitals could ask for subsidies from the government.... As a result
of economic reform, reduced government fiscal capacity coupled with increasing fis-
cal demands on the government led to drastic reduction of government subsidies to
hospitals. At the same time, a fixed budget was introduced in replacement of the old
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terprises (SOEs), particularly the larger ones, often operate their own
hospitals; indeed, they account for approximately 40% of inpatient beds.
The remaining ten percent are in private hospitals, owned by physicians
or nonstate firms.
Pricing and payment is predominantly on a fee-for-service (FFS) ba-

sis, with a government-regulated fee schedule. The salient feature of
these administered prices is their distortion from average costs, inten-
tionally designed to provide implicit insurance to poor patients. Liu,
Liu and Chen (2000) report fees compared to average costs, derived
from a study of recurrent and capital costs for 130 service items in 17
hospitals in one province (Shandong). The ratio of fee to average cost
is well below 1 for simple and non-invasive services–such as registra-
tion (0.16), checking blood sugar levels (0.2) and the base charge for a
hospital day (0.25)–as well as for more clinically complicated but long-
standing services such as appendectomies (0.48) and normal delivery
(0.3). For brevity, we use the terms “basic” or “unprofitable” for this
eclectic group of services.
By contrast, regulated fees for some new high-technology diagnostics

are set well above average cost. In the Shandong sample, the ratio of fee
to average cost was 1.64 for CT scans and 1.43 for remote control x-ray
scans (ibid, p.158). An earlier study of the average cost of full-body
CT scans in two cities (Shanghai and Tianjian) found that the ratio
of allowed fee to average cost varied between 1.16 for self-pay patients
in high-cost hospitals, to 3.2 for insured patients at low-cost hospitals
(Chen Jie 1994). (Before 1995, China had two fee schedules, with lower
allowed fees for the uninsured. This was abandoned in late 1995.) A
second important category of profitable service is prescription of most
pharmaceuticals. The State Price Bureau allows hospital pharmacies
to charge a 15 percent markup on the wholesale price of drugs.3 This
pricing scheme gives hospitals incentive to encourage overuse of prof-

“soft” budget. The hospitals had to sustain themselves by competing for patients
and generating profits from their operations. Hospitals were transformed into au-
tonomous financial entities responsible for their losses and profits, except that they
have no decision rights over prices and hiring and firing of staff. Prices are set by
the State Price Bureau. The prices are supposedly set high enough to sustain the
services provided, yet low enough to assure affordability for patients. However, the
prices of health services have often not been updated, despite double-digit inflation”
(pp.1-2).

3Some mark-up is warranted to cover the additional real expenses of retail sales.
However, it is estimated that even allowing for transportation costs, breakage, etc.,
the margin remains 7-8%. Moreover, many hospitals (especially large, urban ones)
bypass wholesalers and buy from manufacturers directly, thus achieving a legal profit
margin as high as 30%. Consistent with these incentives and incomplete enforcement
of regulations, illegal kickbacks are also prevalent.
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itable services and skimp on provision of basic (unprofitable) services,
contributing to cost escalation.4 Recognizing these distortions, several
social health insurance bureaus have experimented with aggregate forms
of payment, such as case-based payments or fixed budgets with bonuses
and with-holds tied to performance. In addition, China shares with
many transition economies the widespread prevalence of under-the-table
payments for medical care.
To illustrate how this system affects hospital finances and behavior,

we examined a small sample of longitudinal hospital-level data collected
from 38 government hospitals in different municipalities over the past
two decades of reform (1985, 1990, 1995, 1997, 1999). The data includes
relatively detailed revenue and expenditure information, collected for a
cost-accounting study (for more details, see Yip, Eggleston and Meng
2003).
This data reveal that the average percentage of hospital income from

government sources declined from 17% in 1985 to 7% in 1999. This il-
lustrates the significant reliance of government-owned hospitals on non-
state revenues—primarily user fees—to cover operating expenses. In the
sample hospitals over this period, an increasing percentage of income
came from user fees (26 to 37%) and sales of drugs (39% to 50%). Consis-
tent with the incentives of the distorted fee schedule, hospitals increased
investment in high-technology equipment: high-value equipment as a
percentage of fixed assets grew from 17% in 1985 to 36% in 1999. Gov-
ernment subsidies (as a percentage of hospital income) are negatively
correlated with (1) drug income (-0.54), and (2) CT and MRI patient
volume (-0.41 and —0.11, respectively). These correlations suggest a pat-
tern of substitution toward high-margin services as government subsidies
became a less and less significant source of financing.5

4Unfortunately detailed data on the extent of induced deviation from socially op-
timal provision are not available, but there is widespread acknowledgement of overuse
of some profitable services, such as IV antibiotics even for common colds. The very
high rate of drug spending (about 50% of total health expenditure, compared to
less than 20% in most countries) is suggestive of overuse compared to the socially
optimal amount. Careful analysis disentangling supplier-induced-demand from alter-
native explanations would be valuable.

5An alternative interpretation might be that demand for high-tech/high-margin
services is driven by consumers themselves. (Indeed, the model posits a greater
elasticity of demand for the profitable service.) However, demand-side behavior does
not provide a robust explanation of the changes in hospital revenues. If consumer
demand were the primary driver of patterns of utilization, we would expect to find
much greater proportional use in richer areas of China, regardless of fiscal subsidy.
Although overall utilization levels are indeed higher in many urban and wealthy
areas, the limited available evidence shows that proportional use of profitable services
is similar across urban/rural and rich/poor localities in China, and correlated with
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The sample data also reveal that salaries were decreasing as a per-
centage of total compensation (from 60% in 1985 to 33% in 1999), while
“other” compensation—presumably bonuses—increased. This pattern cor-
roborates other survey and anecdotal evidence that bonuses, and other
forms of incentives for doctors and administrators, are increasingly sig-
nificant, as they seem to be for most urban Chinese workers (although
much of the evidence comes from industrial rather than service sectors).6

Examining hospital net revenue in the most recent year (1999), we
find median net revenue of 3.6% — a respectable number given the deficit-
ridden plight of many Chinese SOEs. In the sample, 82% of hospitals
had positive net revenue, with median revenue conditional on positive
net revenue of about 5%, and the largest 30%. Median net revenue
among lossmakers was —27.7%. This raises the question of how hospitals
running deficits cover their expenses. Although budget constraints are
ostensibly hard, there have been no known bankruptcies of government-
owned hospitals to date.
Current problems and challenges confronting China’s urban health

sector include significant and probably unsustainable cost escalation,
with overuse of high-technology diagnostic procedures and an excessive
proportion of spending (over 50% of total health spending) on pharma-
ceuticals. These problems contribute to limitations on access, particu-
larly for the uninsured and poor. Those who cannot afford to pay often
do not get timely care, or care at all.

Table 1 about here

Chinese policymakers have announced several directions of ongoing
reform. First, pricing and payment will be adjusted so that regulated
fees better reflect actual resource costs, and aggregated forms of pay-
ment will be encouraged. Second, organizational reform will more clearly
differentiate provider ownership and tax obligations. As illustrated in

decline in financial subsidies (e.g., World Bank 1997, Yip and Hsiao 2001). Thus, a
supply-side explanation seems more consistent with the available evidence, although
further study is certainly warranted.

Cai and co-authors (1998) found that in one district of Shanghai, the pro-
portion of infants born by cesarean section increased from 4.7% to 22.5% over three
decades, with the highest proportion among those with the richest insurance cov-
erage. Although increase in demand from rapidly rising income combined with the
one-child policy may contribute to this increase, the authors conclude that “the in-
creasing cesarean section rates may be an early indication that emerging forms of
health insurance and fee-for-service payments to physicians will lead to an excessive
emphasis on costly, high-technology medical care.”

6See, for example, the discussion of efficiency wages, wage-payment schemes and
productivity in Fleisher and Wang (2001).
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Table 1, ‘public’ hospitals and other healthcare providers will be divided
into those that receive government subsidies (government hospitals) and
those that do not (private nonprofit hospitals). Both will continue to
operate under regulated prices and be tax exempt. Private for-profit
providers will be required to pay taxes and can set their own prices.
We assume, consistent with current evidence, that these providers cater
to a different clientele and will largely price services not to be in direct
competition with the larger government and private non-profit hospitals.
Will the reforms yield the desired results? Since the majority of China’s
urban hospitals remain nonprofit, our model of reforms focuses on them.

3 The Model

Three kinds of agents interact in the model: doctors, hospital adminis-
trators, and patients. To capture nonuniversal coverage, we assume two
kinds of patients: i = H are the high-income, insured patients, while
i = L are low-income, uninsured patients. A hospital hires a represen-
tative physician to provide various health care services indexed by j.
Throughout our simulation we will assume that there are two services,
where j = 1 represents profitable services (e.g., high technology services
and drugs), while j = 2 represents services priced below marginal cost
(e.g., basic services). Let mi

j represent the spending on health service j
provided to patient i.7

Let vij
¡
mi
j

¢
represent the increasing and concave benefit (i.e., money-

metric utility) that patient i derives from receiving medical care that uses
resources mi

j. Total service-related utility from obtaining treatment is
vi (mi) =

P
j v

i
j

¡
mi
j

¢
. Patients must pay a coinsurance rate Ci0, where

0 ≤ Ci0 ≤ 1. A typical insured urban resident often pays 35% of medical
bills, so that in the benchmark simulation CH0 = 0.35. For the uninsured,
by definition CL0 = 1. Patient utility is thus vi =

P2
j=1 v

i
j

¡
mi
j

¢
−

Ci0Pjm
i
j.

Simulations of the two-service, two-patient-type model build upon
the functional forms of Keeler, Carter and Newhouse (1998). Specifically,
consumer utility exhibits linear marginal benefit, taking the form

vi =
2X
j=1

∙
ajm

i
j −

bj
2

¡
mi
j

¢2¸− Ci0Pjmi
j. (1)

We discuss the behavior of the three agents — doctors, hospital ad-
7Following FGM, we sometimes refer to spending as “quality,” although the anal-

ogy is less perfect when discussing FFS payment (where overuse or ‘excessive quality’
is a concern) than their original application to managed care, where the pervasive
concern is stinting.
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ministrators, and patients — each in turn.

3.1 Physician Behavior
Physicians are primary decision-makers for medical care. The model as-
sumes that physicians decide which patients received how much of which
services, thus defining spending mi

j for each patient i for each service j.
How are these clinical decisions made? Physicians by profession serve
the interests of their patients. Indeed, the relationship between patient
and doctor exemplifies a principal-agent relationship: patients “hire” a
specialized agent, a physician, to perform a specific service—diagnosis
and treatment for a medical condition. However, considerable empirical
evidence suggests that physicians may also be influenced by the finan-
cial incentives of their compensation arrangements (see, for example,
Newhouse 2002). Doctors accordingly respond to the wishes of a second
principal: the physician’s employer or other payer such as social health
insurance. Physicians thus act as “dual agents,” influenced both by their
professional opinion of what is in the best interest of the patient, on the
one hand, and financial incentives on the other.
Unlike in the US and some other countries, in China, physicians

treating patients at hospitals are almost without exception employees
of the hospital. The physician’s financial incentives therefore originate
with the hospital administrator. One can consider the physician an
agent both for the patient and for the hospital. For a physician to agree
to work at a hospital, the hospital’s compensation package must meet
the physician’s participation constraint (i.e., reservation utility). For
simplicity we assume the hospital meets this constraint exactly; in other
words, the market for physician services is reasonably competitive.
We focus on a representative physician and assume a simple linear

compensation contract: the doctor receives a fixed payment per patient
(e.g., a volume-dependent salary), R, plus reimbursement (1− Sj)mi

j

for each service j , with Sj ≤ 1.In other words, the physician is re-
sponsible for the fraction S of patient treatment costs. For hospital
physicians compensated exclusively by salary (as was typical in China
until recently), S = 0. Bonuses that increase with patient utilization
— fee-for-service payment with a positive profit margin — arises when
S < 0. For example, S = −0.05 would mean the provider is reimbursed
(1− [−0.05])mi

j = 1.05mi
j, that is, a 5% profit margin above treat-

ment cost mi
j. Full capitation (which is rare to nonexistent for Chinese

hospital-based physicians) would pay a positive R per patient and leave
the physician fully liable for costs of care, i.e., Sj = 1 for every service j.
A mixed payment system features 0 < S < 1. Pure cost reimbursement
corresponds to S = 0.
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Given this linear compensation scheme, the physician’s net income
from treating patient i is πi = R − S1mi

1 − S2mi
2 (i = H,L). The util-

ity U of a representative physician features a constant marginal rate of
substitution β ≥ 0 between patient benefit and physician income. In
other words, the physician puts weight β on net revenue and weight 1
on patient benefit, when deciding on how to treat patients, where β Q 1.
The physician’s utility function is thus

U =
X
i

nivi + β
X
i

niπi =
X
i

ni
£
vi + βπi

¤
. (2)

The higher is β, the more financial incentives influence clinical deci-
sions. We assume the physician takes demand (ni) as given. In other
words, doctors allocate available resources across an existing panel of pa-
tients, ignoring how current spending choices may affect future demand.
The physician’s clinical decisions also must respect resource con-

straints: only a limited amount of equipment, supplies, and ancillary
staff are available. To capture such constraints tractably, we assume
that the hospital administrator may set a specific budget limit B on
how much can be spent on a given service to treat patients. For ex-
ample, unprofitable service j = 2 may have a restrictive budget of B2;
the physician must allocate this budget across heterogenous patients
while adhering to the overall budget constraint on spending for service
2. Specifically, she chooses spending per H patient, mH

2 , and spending
per L patient, mL

2 , such that n
HmH

2 + n
LmL

2 ≤ B2. For the profitable
service, B1 may be set so high that this budget constraint is not binding.
Given these incentives and constraints, a representative physician in

the two-service, two-patient-type model chooses a vector allocation of
spending m =

¡
mH
1 ,m

H
2 ,m

L
1 ,m

L
2

¢
to maximize

U = nH
£
vH + βπH

¤
+ nL

£
vL + βπL

¤
, (3)

subject to nHmH
1 + n

LmL
1 ≤ B1,

and nHmH
2 + n

LmL
2 ≤ B2,

where πH = RH − S1mH
1 − S2mH

2 and πL = RL − S1mL
1 − S2mL

2 are the
per-patient net revenues from H and L patients, respectively. Let λj
be the Lagrange multiplier on the budget constraint for service j, and
focus on the subset of services that are profitable to offer in equilibrium,
so that mH

j > 0 and mL
j > 0 for all j. The Kuhn-Tucker first order

conditions yield
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dvH1
dmH

1

=λ1 + S1β + C
H
0 P1, (4)

dvL1
dmL

1

=λ1 + S1β + C
L
0 P1, (5)

dvH2
dmH

2

=λ2 + S2β + C
H
0 P2, (6)

dvL2
dmL

2

=λ2 + S2β + C
L
0 P2. (7)

λj
£
nHmH

j + n
LmL

j −Bj
¤
= 0, j = (1, 2) . (8)

Note in (4) through (7) that apart from the last term representing co-
payment burden on the patient (which differs according to insurance sta-
tus), the marginal benefit of spending on each service is set equal across
heterogeneous patients. For example, if all patients were fully insured

so that Ci0 = 0, then
dvHj
dmH

j
=

dvLj
dmL

j
= λj + Sjβ. This constant marginal

utility of spending represents a “shadow price” for spending. The fully
insured patient does not pay a “price” at point of service for treatment;
yet clinical decisions allocating available resources across patients result
in a “shadow price” that defines spending, just as the “actual price”
of co-payments would define spending for a patient weighing treatment
benefit against the price of care. This supply-side “shadow price” arises
from resource constraints and supply-side financial incentives. Thus we
define the shadow price for service j as

qj ≡ λj + Sjβ. (9)

The first term in the shadow price literally represents the shadow
price of resources: λj is the Lagrange multiplier on the budget limit
for spending on service j. Increasing the budget Bj relaxes the budget
constraint and reduces its shadow price λj. In the limit, if available
resources are more than sufficient to meet demand (or patient ‘need’ as
the physician clinically defines it), then λj = 0. By contrast, tighter
and tighter budgets raise the shadow price so that the patient must
be in more dire ‘need’ — i.e., have high dv

dm
— to qualify for treatment.

An extremely high shadow price is equivalent to denying access to that
service for virtually everyone.
The second term in the shadow price, Sjβ, represents the influence

of financial incentives on physician treatment decisions. When a budget
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constraint does not bind (i.e., λj = 0), physician payment incentives
alone define the shadow price. This part of the shadow price is zero in
two cases: (1) when the physician puts zero weight on own net revenue
when making clinical decisions, β = 0; or (2) physician compensation
incentives are completely “neutral” with respect to spending, S = 0
(cost reimbursement), so that the physician neither gains nor loses from
allocating spending in a way different from what is in the best interest
of the patient. (Of course, both (1) and (2) could hold simultaneously.)
The more the physician values net income (i.e., as β increases), the more
supply-side cost sharing S shapes clinical decisions. High S encourages
low spending. In health economics jargon, the quality concern with high
supply-side cost sharing is underprovision, stinting or skimping (and
risk selection; see Newhouse 1996 and 2002). By contrast, low S —
particularly S < 0, representing fee-for-service or bonuses that increase
in utilization — encourages generous or even excessive spending.
Indeed, the physician may encourage spending beyond the point of

zero marginal benefit (i.e., the amount desired by a fully insured, fully
informed patient). The controversial phenomenon of supplier-induced
demand (SID) exists when the supplier “influences a patient’s demand
for care against the physician’s own interpretation of the best interest
of the patient” (McGuire 2000, p. 504). Supplier-induced demand can
arise in the model when q < 0, meaning that the physician recommends
so much treatment that the true marginal benefit of the last RMB yuan

spent is negative:
dvLj
dmL

j
= qj < 0. Since the true shadow price of re-

sources (λj) and the physician’s marginal rate of substitution between
income and patient benefit (β) are both nonnegative, SIDwith a negative
shadow price arises when S < 0 (and β > 0). In other words, a hos-
pital can encourage physicians to induce over-use for profitable services
by paying them fee-for-service bonuses according to utilization (and the
physician responds to that incentive to the extent that he or she values
income relative to patient benefit). Over-use is well-documented in many
contexts involving fee-for-service payment (see for example Institute of
Medicine 2001 and Newhouse 2002) and widely believed to plague China
as well (e.g., World Bank 1997). Our model thus allows for physicians to
induce demand, but their ability to do so is not without limit, even when
patients are poorly informed. We build into the simulation a constraint
on the extent of supplier-induced demand (e.g., q1 > −0.3) that can be
varied in sensitivity analyses.
With providers choosing patient—service-specific spending according

to service-specific shadow prices qj , spending on each service becomes
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mi
j =

aj − (Ci0Pj + qj)
b

. (10)

Comparative statics on the physician optimization problem (3), or
more directly (10), reveal that spending increases when (1) the marginal
benefit of treatment aj increases (dmda > 0); (2) the co-payment price
of care Ci0Pj decreases, either because of a decrease in the coinsurance
rate Ci0 or a decrease in the administrative price per unit Pj (

dm
dCo

< 0,
dm
dP
< 0); and/or (3) the shadow price qj falls (dmdq < 0).
We show in the appendix an extension to under-the-table payments

(a.k.a. gratuities or hongbao), illustrating how patients are more likely
to offer such hongbao payments to physicians when (1) access to care
is restricted, and/or the physician has financial incentive to stint (qj >
0); (2) perceived marginal benefit (aj) is high; and/or (3) formal co-
payments (Ci0) are low. This simple extension can help to explain the
proliferation of under-the-table payments in China currently, and the
possible policy remedies. For further discussion, see Yip, Eggleston and
Meng (2003).
We next turn to the second decision-maker in the model, the hospital

administrator.

3.2 Hospital Behavior and Hospital-Doctor Con-
tracting

Although physicians have the primary role in deciding which patients
receive how much of which services, hospital administrators also shape
clinical decisions in many ways. We capture this influence with two
decisions: how much to invest in equipment and staffing for specific
services (i.e., the generosity of the spending budget Bj for each service
j) and the compensation scheme for physicians (i.e., S, with R then set
to fulfill the physician participation constraint). In the model, these two
dimensions can be captured with a single variable: the shadow price, q =
q(B,S). As shown above, the physician’s optimization problem leads
naturally to allocation of spending across patients according to service-
specific shadow prices given by (9). To influence physician behavior
and thereby hospital net revenue, a hospital administrator can therefore
choose a preferred shadow price for each service.
The hospital administrator chooses shadow prices in light of the in-

centives embodied in the hospital payment system. A simple linear for-
mulation, paralleling that described above for physicians, well captures
the gamut of hospital payment methods currently used and/or proposed
in China. Payment includes two components. First, for each patient, the
provider may receive a fixed pre-payment (prospective payment), ri. If
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these payments are risk adjusted, ri will differ according to the risk ad-
justers (such as age, sex, and diagnoses of patient i) included in the risk
adjustment formula. (For an overview of risk adjustment internationally,
see Ellis and Van de Ven 2000.) Few developing countries use such pay-
ment systems, however, and no Chinese social insurance bureaus that
we know of risk adjust hospital payments. We therefore assume that
the fixed payment, if any, does not differ across patients, except to the
extent that social insurance uses prospective payment (rH > 0) while
self-pay patients do not (rL = 0).
In addition to r, the hospital receives reimbursement (1− sj)mi

j for
each service j , with sj ≤ 1. The hospital therefore is at risk at point
of service for the proportion of spending sjmi

j, and sj > 0 denotes
supply-side cost sharing. Note that we use a lower-case s to denote
the hospital supply-side cost sharing, and an upper-case S to denote
physician supply-side cost sharing. The two are intimately connected,
as we demonstrate below.
We focus first on the behavior of a hospital administrator who seeks

to maximize net revenue. Much literature on nonprofit hospitals finds
little difference between their behavior and that of net revenue maximiz-
ers (e.g., Sloan 2000). Later we will discuss the additional constraints
and assumptions affecting government-owned hospitals.

3.2.1 Net-Revenue Maximizers

The choice variable set to maximize net revenue is the vector of service-
specific shadow prices, q. Both spending per patient, m(q), and the
number of patients treated, n(q), vary with the shadow prices, the for-
mer according to (10) and the latter as will be discussed further below.
In general, more generous spending, achieved with low (or even nega-
tive) shadow prices, attracts patients, except to the extent that patients
cannot afford to pay and/or dislike supplier-induced demand.
Aware of the demand response to spending generosity across services,

a profit-maximizing hospital administrator can try to attract profitable
patients with generous spending on services those patients value most.
The hospital sets a shadow price for access to service j such that “the
patient must ‘need’ or benefit from services above a certain threshold in
order to qualify for receipt of services” (FGM, p.836):

dvij
dmi

j

= qj. (11)

This shadow price is precisely that which flows from the physician op-
timization problem; compare (4) through (7) and (9). The hospital
administrator will want to design doctors’ compensation to implement
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profit-maximizing shadow prices. The administrator will have to rely
on long-run experience to estimate the physicians’ preference parameter
β. Moreover, one could think of this parameter as instead being en-
dogenously determined by hongbao, to the extent that such an informal
payment induces a physician to be more “loving and caring.”8

Given the linear payment system, the hospital’s revenue per patient
treated is ri+

P
j (1− sj)mi

j (q). Cost is total spending on patient care,P
jm

i
j (q) per patient i, and total physician compensation W , which

we assume is fixed by physicians’ reservation utility. Demand from pa-
tients of type i is ni (q). Thus the hospital administrator’s expected net
revenues π (q) are

π (q)=
X
i

ni (q)

"
ri +

X
j

(1− sj)mi
j (q)−

X
j

mi
j (q)

#
−W (12)

=
X
i

ni (q)

"
ri −

X
j

sjm
i
j (q)

#
−W.

Assume π (q) is strictly concave. Define πi (q) as the hospital’s gain
or loss for patient i, πi (q) = ri −

P
j sjm

i
j (q). Unprofitable patients are

those for which πi (q) < 0.
A profit-maximizing hospital administrator chooses the shadow price

for each service j to maximize π (q):

dπ

dqj
=
X
i

µ
dni (q)

dqj
πi + ni (q)

∙
dπi

dqj

¸¶
= 0, or

X
i

µ
−nisj

dmi
j

dqj

¶
=
X
i

µ
−dn

i

dqj
πi
¶

(13)

This first order condition describes the trade-offs involved in setting
shadow prices. The marginal benefit from raising the shadow price is less

spending per enrollee, −nisj
dmi

j

dqj
> 0. The marginal cost of raising qj is

discouraging profitable patients from choosing the provider (−dni
dqj

πi > 0

if πi > 0).9

Under cost reimbursement (s = 0) or fee-for-service payment (s < 0))
— i.e., whenever the payment system does not include any supply-side
cost sharing — the left-hand side of (13) is zero or negative. Without

8We are grateful to an anonymous reviewer for this point.
9As FGM note, “the idea behind competition among managed care providers is

that . . . the provider by rationing too tightly will lose profitable customers — to
balance the provider’s incentive to reduce services to the existing enrollees” (p.838).
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any marginal benefit to restricting spending, hospitals will not want
to restrict access to services. Indeed, the hospital administrator may
wish to encourage supplier-induced demand to bring in additional fee-
for-service revenues from profitable services.
Clearly, the profit-maximizing shadow price can exceed or fall short

of the socially optimal value for a fully insured consumer, q∗∗ = 1, which
equates marginal benefit with social marginal cost:

q∗∗
¡
Ci0 = 0

¢
= argmax [v (m (q))−m (q)] = 1 (14)

When patients differ in their insurance status or generosity, socially ef-
ficient spending levels require differentiating shadow prices by patient
insurance as well as by service. For example, a physician would given
free access to all desired care for a self-paying patient (who balances ben-
efit against marginal cost) but restrict access for well-insured patients
who would otherwise exhibit moral hazard.
The simulation models the case of two services, j = 1, 2, and two

consumer types. Consistent with China’s current state of 50% insured
residents in urban areas, we assume 50% of the population of each type,
with the two types distributed identically, so that demand for a health
provider consists of nH

¡
mH , CH0

¢
and nL

¡
mL, CL0

¢
. Hospital profit (12)

then becomes nH (q)πH (q) + nL (q)πL (q).
In this two-service, two-type case, the first-order conditions for choice

of profit-maximizing shadow prices q∗1 and q
∗
2 are

∂nL

∂q1
πL +

∂nH

∂q1
πH − s1

µ
nH
dmH

1

dq1
+ nL

dmL
1

dq1

¶
= 0 (15)

∂nL

∂q2
πL +

∂nH

∂q2
πH − s2

µ
nH
dmH

2

dq2
+ nL

dmL
2

dq2

¶
= 0 (16)

3.2.2 A Simple Case

Since this framework of physician-hospital-patient interaction with the
hospital as a multi-product firm is rather complicated, we illustrate the
primary analytical results first with the simplest possible case: a single
service and a single patient type. In this case, hospital net revenue (12)
becomes π = n(q) [r − sm(q)] − W and the first order condition (13)
defining the optimal shadow price becomes

−nsdm
dq

= −dn
dq
[r − sm] . (17)

Once again, the left-hand side represents the marginal benefit of increas-
ing q: reduced treatment costs and thus higher hospital revenues if the
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hospital is at risk for any of the cost (s > 0). The right-hand side rep-
resents the marginal cost of increasing q: fewer patients (dn

dq
< 0), each

of whom is profitable (r − sm > 0).
The central payment incentive result is that increasing supply-side

cost sharing (toward fully prospective payment) induces better cost con-
trol and more stringent rationing of care, because the profit-maximizing
shadow price q increases with cost sharing s. This follows from totally
differentiating (17) with respect to q and s and solving for dq

ds
, noting that

the denominator is negative by concavity of π(q), and the numerator is
negative because dn

dq
< 0 and dm

dq
< 0:

dq

ds
=

dn
dq
m+ ndm

dq

d2π(q)
dq2

> 0 (18)

Administrative prices implicitly define the degree of supply-side cost
sharing for each service, since the hospital ‘shares the cost’ of any ser-
vices for which the administrative price does not cover the cost of care.
Without loss of generality we define price P as the ratio of administra-
tive price to marginal cost, so that P = 1 represents a price that exactly
covers cost. Thus

s = 1− P. (19)

The result above predicts that hospitals will under-provide services for
which administrative prices do not cover marginal cost (s > 0) and over-
provide services for which prices exceed marginal cost (s < 0). We use
the simulation model to illustrate the interaction across patient groups
and services, but the underlying logic is the same as for this simplest
case.

3.2.3 Government hospitals

Government-owned hospitals may behave differently from net-revenue
maximizers. As analyzed by Hart, Shleifer and Vishny (1997), a govern-
ment hospital manager usually has less residual control of investment
(and personnel) decisions, and therefore invests less in both cost con-
trol and quality improvement innovations, than a private counterpart.
Limited access and control over capital for investments alone could lead
to substantial divergence between a government hospital and a private
counterpart that can invest heavily in highly profitable diagnostic tech-
nology with large fixed costs, such as CT scanners and MRI machines.
We assume that government hospitals set shadow prices at a given

level and then private hospitals compete by optimizing, given the govern-
ment hospitals’ decisions. Government hospital shadow prices are fixed
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at the optimal Nash equilibrium shadow prices chosen by two govern-
ment hospital administrators that (1) care directly about patient welfare
as well as net revenue; (2) do not face stiff competition for patients; and
(3) are constrained to spend no more than a binding threshold amount
per patient. Specifically, the objective function places weight on patient
benefit v, similar to that posited for physicians in (2). This is a fairly
standard method of modeling the behavior of providers with objectives
beyond pure profit maximization (see discussion in McGuire 2000). With
the weight on patient benefit of 0.5, prices set at the benchmark levels
of the simulation model (P1 = 1.2 and P2 = 0.85, so that s1 = −0.2 and
s2 = 0.15), the spending constraint set at the socially efficient spending
per patient, and the travel cost parameter c = 2, 000 (see (21) below)
to represent low competition for market share, the government shadow
prices are qG1 = 0.1 and q

G
2 = 0.5. We use these values throughout, unless

noted otherwise.
Note that these benchmark shadow prices imply that even govern-

ment providers encourage more use of the profitable than the unprof-
itable service (q1 < q2), that well-insured patients will over-use both ser-
vices (because q < 1), and that uninsured patients will often under-use
services (because the co-payment price plus the shadow price exceeds 1).
These are all consistent with evidence about patterns of Chinese patient
utilization in the 1990s, when government providers dominated because
the private sector share of the inpatient care market was quite small.
We assume that government hospitals are ‘first movers’ against which

the private competitors optimize, and investigate only the initial mar-
ket equilibrium (i.e., before government hospitals have been able to re-
optimize). Government hospitals are likely to experience adverse selec-
tion as competitors cream skim more profitable patients. Certainly this
sequence of events has been documented elsewhere (see for example Dug-
gan 2000). We calculate what volume of subsidies would be necessary
to cover any resulting negative net revenue. In other words, a govern-
ment hospital enjoys a soft budget constraint (Kornai 1986) allowing it
to break even while serving a disproportionate share of unprofitable poor
and uninsured patients at the fixed shadow prices qG1 and q

G
2 .

3.2.4 Hospital-physician contracting

A hospital administrator can implement a given vector of service-specific
shadow prices through choices of service-specific budgets Bj and/or
service-specific cost sharing, Sj, with their staff physicians. If a hos-
pital administrator knows physicians’ reactions functions (in particular,
weight on net revenues β), the administrator can implement a desired
shadow price vector through appropriate choice of service-specific bud-
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gets Bj and cost-sharing Sj as follows:

S∗j =
q∗j (s)

β
, (20)

where q∗j satisfies (13) and is thus a function of administrative hospi-
tal prices P that define payer-hospital cost sharing, s, as in (19). The
‘correct’ degree of hospital-doctor cost sharing S∗j induces the doctor to
internalize the hospital administrator’s desired constraint on spending.
For β low enough (or q∗j high enough) that

q∗j
β
> 1, the hospital admin-

istrator will need to impose a binding budget constraint to implement
q∗j (since hospital-doctor cost sharing cannot exceed 100%). For further
discussion of hospital-physician contracting, see Eggleston (2002).

3.3 Consumer Choice of Hospital
The final decision-maker in the model is the health care consumer, or
patient. Hospitals respond to patient demand when setting shadow
prices, as outlined above. Here we detail how consumer choice de-
fines patient demand n(q). Consider two competing health providers,
A and B, at “distances” from consumer i of ρAi and ρBi , respectively.
In addition to geographic location, “distance” measures any aspect of
convenience or taste not captured by health service spending. Define
c > 0 as “travel cost” per unit distance. Patient i will choose provider
A over provider B if and only if viA

¡
miA

¢
− cρAi > viB

¡
miB

¢
− cρBi ,

or viA
¡
miA

¢
+ c

¡
ρBi − ρAi

¢
> viB

¡
miB

¢
. Defining ui ≡ viB

¡
miB

¢
and

µi ≡ ρBi − ρAi , a patient chooses provider A when v
iA
¡
miA

¢
+ cµi > ui

(as in FGM).
Since the hospital does not know each patient’s µi but does know

the cumulative distribution from which it is drawn, Φi (µi), the hospital
manager considers the probability that patient i will choose it to be

ni
¡
mi, Ci0

¢
= prob

µ
µi >

ui − vi (mi, Ci0)

c

¶
=1− Φi

µ
ui − vi (mi, Ci0)

c

¶
. (21)

For well-insured patients, demand increases in the spending generos-
ity of the provider: dni

dmi =
Φ0i
c
dvi

dmi > 0. A decrease in c corresponds to an
increase in competition and a stronger demand response to changes in
spending

³
d
dc
dni

dmi =
−Φ0i
c2

dvi

dmi < 0
´
. In other words, a monopoly can ration

stringently without loosing insured patients, but a hospital in a competi-
tive market (low travel cost c) cannot reduce spending generosity—that is,
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availability of services or “quality”—much below that of its rivals without
loosing a significant volume of insured patients.
In contrast, uninsured patients must balance the marginal benefit

of treatment against the marginal cost of paying the full price of care.
Moreover, they may face ability-to-pay or liquidity constraints in pay-
ing hospital bills because of imperfections in credit markets and/or labor
markets in China, as in other developing and transitional economies. As
Banerjee (1997) notes, “this assumption of capital market imperfection is
relatively uncontroversial in the context of education or health” (p.1291).
Given the evidence that a significant fraction of Chinese patients refuse
hospitalization due to financial constraints, even when hospitalization
is recommended by a health professional, we assume that liquidity con-
straints are binding for a fraction of uninsured patients that increases as
the total bill the patient has to pay increases (see Table 2).
Thus, in this model the consumer can choose between hospitals based

on reputation or perceived spending, but once at the hospital must ei-
ther accept or reject a “take-it-or-leave-it-offer” of treatment. (We do
not model choice of physician at a given hospital.) It may seem unrealis-
tic that patients often must choose between an excessive amount of care
and no treatment at all, but we think that this model captures impor-
tant features of the reality facing many Chinese patients (and patients
in some other countries). Patients rarely can judge how much care is
“necessary” or medically indicated. The hospital and/or physician may
have financial incentive to recommend expensive treatments, and often
has authority to demand a deposit for the projected cost of care prior to
rendering treatment. (For discussion of evidence regarding patient access
problems, inability to pay and liquidity constraints for urban Chinese,
see Yip, Eggleston and Meng 2003).

4 Simulating China’s Reforms

Although the analytic results above provide important clues about the
potential outcomes of China’s reforms, it is also useful to illustrate var-
ious specific reform scenarios by calibrating a simulation model. In this
section we describe model calibration and the simulation results.
We use linear demand for medical care (as in other health sector

simulations, such as Keeler, Carter, and Newhouse 1998), based on the
average spending of insured and uninsured Chinese patients in the 1998
National Health Survey (Ministry of Health 2001, 2002). The national
data does not disaggregate spending by service category, but we need to
do so to simulate the impact of differential incentives across profitable
and unprofitable services. Evidence from other countries and anecdotal
evidence from China suggest that demand for the services paid above
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marginal cost in China — primarily high technology diagnostic procedures
and pharmaceuticals — is more elastic than demand for the services priced
below marginal cost (e.g., the base charge for an inpatient bedday).
Based on the assumptions of more elastic demand for (profitable) service
1 than (unprofitable) service 2 and of combined spending levels on the
all services for insured and uninsured patients from the 1998 National
Health Survey, we specify demand for each service as follows:

D1=
dv1
dm

= 1.8− 0.0006m1, (22)

D2=
dv2
dm

= 2.5− 0.001m2.

The demand elasticities of the two services implied by this specification
are consistent with the evidence on demand elasticities found in the
RAND China Health Insurance Study, i..e., about —0.6 for outpatient
services and -0.4 for inpatient services (Cretin, Duan, Williams, Gu,
and Shi 1988; Phelps 1992, pp.124-125).10

We assume that all patients are homogenous in the severity of their
health conditions and the value that they place on health (i.e., willing-
ness to pay), and that 50% are insured. As discussed above, we build
in “cash constraints” for uninsured patients so that for an endogenously
defined fraction of the population, willingness to pay exceeds ability to
pay.

Table 2 about here

On the supply side, the literature provides less clear guidance on
simulating behavior. Therefore we simulate a range, e.g., of ability to
induce demand for profitable service 1 (see Table 2). We assume that
the private sector optimizes given government investments as embodied
in government-hospital shadow prices (as discussed in the “government
hospitals” sub-section above). In each simulation, two representative
providers compete for patients. In the benchmark, two government hos-
pitals serve relatively isolated markets. In the equilibria with private
competition, a lower travel-cost parameter (c = 100) simulates direct
provider competition for patients. We use the term “provider” to in-
clude both hospital administrators and physicians, since they jointly
shape patient treatment.
10Note that the services are neither explicit complements nor substitutes, although

they are implicitly complementary in the sense that in no equilibrium does a provider
offer only the profitable service. The model can be extended fairly straightforwardly
to include explicit substitute/complement relationships across multiple services.
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Table 3 about here

Table 3 reports the results comparing the benchmark under govern-
ment ownership to that of private competition (i.e., one government hos-
pital competing with a private sector entrant). The private entrant lures
patients who can afford to pay by offering more generous spending, thus
lowering both shadow prices, and maximizes net revenue by inducing
demand for the profitable service 1 (as indicated by a negative shadow
price q1), relative to the benchmark. The private hospital serves a dispro-
portionate share of the insured patients (62%), who can afford profitable
service 1, while the government hospital ends up with a disproportion-
ate share of the uninsured (59%). The percentage of patients who opt
for self-treatment because they cannot afford hospitalization increases
significantly, because spending conditional on use increases (20%). Al-
though the loss of access translates into a lower increase in total health
spending than would otherwise pertain, total spending per person (not
conditional on use) nevertheless increases (10%). The simulation thus
underscores the primary analytic results discussed earlier: pricing dis-
tortions will generate service distortions, with wasteful over-spending on
profitable services, and these distortions will be greater with hospitals
who are net revenue maximizers competing for patients, if only because
they have greater flexibility to invest in the profitable services. Patients
most severely affected are those who cannot afford to pay the charges
for more intensive hospital care. Although no data exists to predict
exactly how many patients will lose access and become nonusers, there
is no doubt that allowing private entry to compete for profitable pa-
tients will increase their number unless policy addresses the underlying
causes—price distortions tied to incomplete insurance coverage.

Figure 1 about here

Figure 1 shows shadow prices for service 1 and service 2 under four
different payment scenarios. To focus on changes in price-cost margins
and their effects on provider behavior, Figure 1 assumes no benchmark
service distortions (i.e., the government shadow prices are uniform at
q1 = q2 = 0.1). The five payment scenarios illustrate increasing price-
cost divergence between the two services. The first column shows that
providers would choose uniform and positive shadow prices when paid
uniform prices (with some supply-side cost sharing for the two services,
P1= P2 = 0.95, and pre-payment to cover costs, r = 200). As price-
cost margins diverge, however, so do shadow prices and service-specific
spending, with the largest distortions when payment is entirely based on
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distorted FFS rather than mixed FFS and prepayment ( r > 0). As the
price for service 1 increases, the shadow price falls. The negative shadow
price for profitable service 1 indicates induced demand; in the last col-
umn with P1 = 1.3 the constraint on the extent to which providers can
induce demand (q1 ≥ −0.3) is binding. Note that for a small distortion
in prices, the profitability of service 1 actually helps to make the provider
willing to offer more of the less profitable service, consistent with the pol-
icy intent of implicit insurance and service cross-subsidization. However,
as price-cost margins diverge further, revenue-maximizing providers will
increasingly induce demand for the profitable service and restrict spend-
ing on the unprofitable service. Proposed price reforms in China would
move from right to left in Figure 1, from large service distortions toward
uniform incentives for spending across services.

Figure 2 about here

Figure 2 illustrates how total health spending increases as price-cost
margins diverge, fueling cost escalation. (Of course the cost escalation
could be even higher if all services were quite profitable; provider effort to
restrain use of unprofitable services actually helps to keep total spending
down and healthcare affordable.) Conversely, price reform toward more
uniform margins across services will help to control costs.

Figure 3 about here

The flaw of using low administered prices to provide implicit insur-
ance for poor patients becomes clear when one focuses on the contrasting
patient and provider responses, as illustrated in Figure 3. As the ad-
ministered price for service 2 (the “basic” service) falls lower and lower,
low-income patients want to buy more of the service. Call this the
intended effect: lowering prices for basic care increases access because
patients can afford to buy the service. This prediction, however, ignores
a critical factor: supply-side incentives. As the price falls increasingly
below cost, providers try to restrict access to the service, and in the limit
may not provide the service at all. This unintended effect undermines
the policy’s raison d’être. (In practice, many basic services are required
in order to offer the profitable services to patients, so that providers will
only infrequently drop the unprofitable service altogether.) Thus when
providers heavily shape treatment decisions—as they almost invariably
do—lowering administered prices can actually reduce patient access.

Figure 4 about here

Nevertheless, under soft budget constraints for government hospitals
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(which subsidize inefficiency as well as access), lowering the price of ser-
vice 2 may improve access—in that fewer uninsured patients are rationed
out of the market by binding liquidity constraints (see Figure 4)—but
not because providers willingly provide the loss-making service to all
comers. Instead, revenue-maximizing hospitals limit market exposure,
and eventually exit the market entirely, when they are unable to cover
losses from service 2 with profits from service 1 (due to the constraint
on induced demand for service 1). Access only is maintained because
government hospitals “must” provide the service and enjoy a soft budget
constraint to prevent bankrupcy (see Figure 5). To the extent that the
government cannot or will not subsidize government hospitals or compel
them to provide such services, access will suffer.

Figure 5 about here

Reforming payment and financing can improve access and remove
service distortions. Table 4 and Figure 6 reveal the potency of mixed
payment and closer-to-uniform incentives across the insured and unin-
sured population. As can be seen in Table 4, DRG payment for the
insured is no panacea as long as there still is distorted FFS payment for
the uninsured. Theory and the simulation suggest that mixed payment
for both the insured and uninsured would be best.11 Expanding insur-
ance to cover the uninsured would further expand access and improve
the welfare of the uninsured. These are all feasible payment reforms for
China, although implementation of mixed payment under incomplete in-
surance coverage would require some new programs. The social insurer
can give providers a fixed payment per insured patient treated, but such
a payment for the uninsured would need to come directly from a gov-
ernment agency. China could consider linking subsidies to the number
of uninsured patients treated, and implementing this payment “sector-
neutrally,”12 i.e., with the subsidy available to public or private providers
equally (like the program of Disproportionate Share Hospital Payments
11Mixed payment includes some fixed payment per patient — i.e. DRG or case pay-

ment — supplemented with some FFS payment to avoid extreme incentives to engage
in risk selection (“dumping” expensive patients). Many forms of mixed payment
are possible, including capitation with bonuses or withholds, DRG payment with
some cost reimbursement, and case payment with some additional fees for specific
services so that the marginal revenue for additional care is not zero. Mixed payment
in the simulation entails positive prospective payments for both insured and unin-
sured patients (rH and rL), along with some remaining FFS reimbursement, leaving
the provider with revenue approximately equal to what was earned under benchmark
public-private competition.
12See Kornai and Eggleston (2001) for a discussion of the importance of “sector

neutrality” in healthcare purchasing.
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to hospitals in the US that serve a disproportionate share of poor and
uninsured patients; see Duggan 2000).

Table 4 and Figure 6 about here

In sensitivity analyses of the simulation model, outcomes changed
in expected ways. For example, increasing the coinsurance rate for the
insured patients helps to constrain spending, but simultaneously exac-
erbates service distortions and leaves the insured with a larger finan-
cial burden. The converse scenario is to expand insurance by covering
the uninsured (modeled by lowering the coinsurance rate for the “unin-
sured” from 1 toward parity with that of the originally insured). This
decreases the service-specific shadow price distortions (even with price
margins unchanged), decreases the number of nonusers, and increases
total spending. These are all intuitive outcomes of expanded insurance.
With concurrent price reform, the latter outcome of increased spending
could be greatly reduced, since providers would no longer have incentive
to over-invest in high technology equipment. Sensitivity analysis on the
constraint on supplier-induced demand reveals that as the constraint
is relaxed, price-cost margin differences between services lead to even
larger service distortions.
If private hospitals achieve lower marginal costs than government

hospitals, they can achieve better profit margins even with administered
prices unchanged; with enough success at cost control, they can turn
once-unprofitable services into profitable ones. Of course, cost control
also increases the profit margin for the originally profitable service. Nev-
ertheless, simulations (described in more detail in the appendix) show
that under plausible assumptions, decreasing private sector marginal
cost reduces inducement and increases access to basic services, while
increasing private sector market share.
Changes in market competitiveness—modeled by changing the travel

cost parameter c— also have expected effects: more market power tends
to exacerbate service distortions, although competition for patients does
not uniformly increase “quality” or spending levels across services or
patients. Only reform of pricing and payment can address the core
issue of service distortions. And since price distortions remain in place
predominantly to provide implicit insurance, removing the costly service
distortions will require expansion of insurance to the currently uninsured
and/or subsidies to providers linked to serving the uninsured.

5 Conclusion

This paper presents a model of public-private hospital competition under
regulated prices, recognizing that hospitals are multi-service firms and
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that equilibria depend on the interactions of three key participants: pa-
tients, hospital administrators, and physicians. Using data from China
to calibrate a simulation model, we analyze the probable impact of
China’s recent urban health sector payment and organizational reforms
on cost, quality and access.
Given the inherent uncertainty surrounding various factors that will

impact the results of China’s health sector reforms (e.g., the extent to
which some patients will find cost escalation a barrier to access and
become nonusers), we emphasize our qualitative rather than our quan-
titative findings. First and most importantly, both the analytic and
simulation results show clearly how providing implicit insurance through
distorted FFS prices leads to over/under use of services by profitability.
Second and as a result, competition for patients under distorted FFS
prices contributes to cost escalation. Third, unless policies otherwise
subsidize access—through expanded insurance and/or provider subsidies
linked to serving the poor and uninsured—these cost increases will reduce
access for those who cannot afford to self-pay for care. Thus, ironically
but not unpredictably, the Chinese government’s intention of using price
regulation to guarantee access may actually undermine equitable access
to care. Hospital competition for patients will improve social welfare only
if policymakers pay careful attention to payment incentives and regula-
tion. Moving toward mixed payment and expanded insurance coverage
are most promising to assure access, remove service-level distortions, and
promote a balance of cost control and quality improvement.

A Appendix: The Simulation Model

The simulation model assumes that patient demand takes the form of
(21) with the cumulative distribution Φi defined as the cdf for a logistic
random variable:

ni
¡
mi
¢
= 1−

⎛⎝ 1

1 + exp
h
−
³
ui−vi(mi)

c

´i
⎞⎠

The regulated private hospital administrator maximizes (12) taking
prices and the competing government hospital’s shadow prices (which
enter demand through ui) as given.
Hart, Shleifer and Vishny (1997) and other theories of ownership

and competition posit that private providers often achieve lower unit
costs than government-run providers. To simulate the impact of such
differential price control on market outcomes, we simulate a range of
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cost differences (5-25%) between public and private hospitals, starting
from the benchmark of identical marginal costs, c = 1. Recall that each
administered price P is set relative to c = 1, so that supply-side cost
sharing s = (c − P )/c = 1 − P . For example, p = 0.8 is equivalent to
s = 0.2; P = 1.1 is equivalent to s = −0.1. For P > 0 (s < 1), private
providers lower supply-side cost sharing Y% by lowering marginal cost
x%, where Y = (P/(1− x))−P . For example, consider the case of P =
0.5 (s = 0.5). If a provider decreases marginal cost by x = 1/6 (about
17%), that provider decreases its supply-side cost sharing to s = 0.4.
Finally, we detail a simple model of patient under-the-table pay-

ments, or hongbao. Let H be a ‘conversion factor’ from RMB yuan to
more healthcare spending or “quality.” A patient pays Hh to obtain
treatment spending m(h) = (1 + h)m. Individual utility thus becomes

V i =
2X
j=1

"
ajm−

bj

2θij
(m)2 − Ci0Pjm−Hhij

#
+ cµi

where m =
¡
1 + hij

¢
mj. The first order condition for optimal under-

the-table payment hij by patient i for service j gives

hij =
a−

³
H

mi
j(qj)

+ Ci0Pj
´

bmi
j (qj)

− 1.

We see that the patient wants to purchase extra care with under-the-
table payments hij > 0 when access is restricted, and/or the provider
stints on “quality” (qj > 0); and/or when perceived marginal benefit (a)
is high. Formal co-payment requirements reduce hongbao (dh

i

Ci0
< 0).
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Table 1. Differential policies towards for-profit and non-profit hospitals 
 
Hospital Type Policies 

 
 Pricing 

 
Government 
subsidies 

Tax 

 
Government owned 
 

 
Regulated price for most 
services 

 
Yes 

 
Exempt 

 
Private non-profit 

 
Regulated price, but 
allow flexibility within 
range 
 

 
No 

 
Exempt 

 
For-profit 

 
Unregulated price 
  

 

 
No 

 
Taxed 

 



Table 2.  Simulation Parameters, Sources, and Ranges 
 

Simulated Range Variable Symbol Benchmark Source 
Minimum Maximum 

Demand elasticity   RAND China study, late 
1980s: inpatient –0.4, 
outpatient -0.6 

 
-- 

 
-- 

a1 
a2 

1.8 
2.5 

-- -- Linear demand for 
each service, 
MB=a-bm b1 

b2 
0.0006 
0.001 

(Authors’ calibration, 
consistent with demand 
elasticities and average 
spending levels, below; 
service2 less elastic) 

-- -- 

Average spending mH* 
mL* 
m* 

4500 
2650 
2833 

mH* and mL* are desired spending of insured and 
uninsured at benchmark prices and co-insurance rates 
(1998 National Health Survey: urban average spending 
for a hospitalization = 4037 RMB; for uninsured = 2729 
RMB; for SOE insured (LIS), 4424 RMB; for GIS 
insured, 5095).  m* represents socially efficient average 
spending for these linear demands. 

Percent nonusers 
(liquidity 
constrained L) 

 20% of L,
10% 

overall 

1998 National Health 
Survey (recommended 
hospitalization but 
refused for financial 
reasons ~18%) 

Endogenous 

Distribution of 
nonusers 

 100% of uninsured self-treat when bill greater than half of 
household average annual income  (14,076 RMB in 1998 

National Health Survey) 
Percent insured nH 50% 1998 National Health 

Survey (urban) 
50% 100% 

Co-insurance rate 
for insured 

Co 35%  10% 60% 

Profit margin for 
high tech services; 
Price for service1 

(1-s1) 
 

P1 

20% 
 

1.2 

 1% 
 

1.01 

50% 
 

1.5 
Profit margin for 
basic services; 
Price for service2 

(1-s2) 
 

P2 

-15% 
 

0.85 

 -50% 
 

0.5 

10% 
 

1.1 
Constraint on 
supplier-induced 
demand 

 q1> -0.3 
 

 -0.1 -0.5 

Competition Travel 
‘cost’ 

100  50 200 

Private hospital 
marginal cost (% 
below public) 

 0  0% 25% 

 



Table 3.  Comparing the Benchmark to Public-Private Competition  
 under Distorted Regulated Prices (P1=1.2, P2=0.85) 
 

Benchmark Public-Private 
Competition 

Difference (%)

q1: Shadow price for service1 0.10 -0.27 -366% 
q2: Shadow price for service2 0.50 0.23 -54% 
nH: Private market share, insured 
patients 

 
n/a 0.62 n/a 

nL: Private market share, 
uninsured patients 

 
n/a 0.41 n/a 

Percent of patients who cannot 
afford a hospitalization 

 
0.04 0.12 205% 

Average spending for insured 
patients 

 
3845.72 4379.10 14% 

Average spending for uninsured 
patients, conditional on use 

 
1993.19 2455.36 23% 

Average spending, conditional on 
use 2961.28 3551.00 20% 
Total spending per person 
(unconditional) 2833.33 3117.45 10% 
 
 



Table 4.  The Benefits of Payment Reform 
 

 Benchmark 
Public-Private 
Competition 

Case 
Payment for 
the Insured

Mixed 
Payment for 
the Insured 

Mixed 
Payment for 

All  

Universal 
Insurance 
with Mixed 
Payment 

q1: Shadow price 
for service1 -0.27 

 
-0.17 -0.15 

 
0.13 0.04 

q2: Shadow price 
for service2 0.23 

 
0.15 0.12 

 
0.13 0.04 

nH: Private 
market share, 
insured patients 0.62 

 
 

0.73 0.47 

 
 

0.75 0.53 
nL: Private market 
share, uninsured 
patients 0.41 

 
 

0.50 0.32 

 
 

0.59 0.53 
Average spending 
for insured 
patients 4379.10 

 
 

4419.94 4423.59 

 
 

4240.69 4479.34 
Average spending 
for uninsured 
patients, 
conditional on use 2455.36 

 
 
 

2519.28 2553.85 

 
 
 

2674.60 4479.34 
Percent of 
patients who 
cannot afford a 
hospitalization 12% 

 
 
 

12% 12% 

 
 
 

10% 0% 
Average 
spending, 
conditional on use 3551.00 

 
 

3604.75 3614.61 

 
 

3545.33 4479.34 
Total spending 
per person 
(unconditional) 3117.45 

 
 

3155.97 3185.64 

 
 

3188.30 4479.34 
Utility of insured, 
relative to 
benchmark 1 

 
 

1.01 1.02 

 
 

1.07 1.08 
Utility of 
uninsured, 
relative to that of 
the insured at the 
benchmark 0.40 

 
 
 
 

0.41 0.42 

 
 
 
 

0.49 1.08 



Figure 1. As Price-Cost Margins Diverge, So Do Shadow Prices and Spending
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Figure 2. Total Spending Is Higher When Price-Cost Margins Diverge
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Figure 3. Implicit Insurance and Unintended Provider Response
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Figure 4. Access Improves (Fewer Uninsured Rationed Out by Liquidity Constraint) As Price For Basic 
Care Decreases
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Figure 5. Lowering the Price of Basic Services Eventually Drives Private Providers From the 
Market

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

-0.1 0 0.1 0.2 0.3 0.4 0.5

1-P2 = S2: Supply-side Cost Sharing for Basic Service (P1=1.2)

Pe
rc

en
ta

ge

Private Providers' Market
Share of Insured Patients

Private providers' Market
Share of Uninsured

Subsidy to Government
Provider (as % of total
budget)



Figure 6.  Improving Incentives with Mixed Payment and Expanded Insurance
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