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Abstract
THE HOSPITAL SERVICE SECTOR AND INFLATION

by
Kristine Jones 

Advisor: Professor Michael Grossman

The primary aim of this dissertation is to 
construct a model of the hospital sector capable of 
testing various hospital inflation theories. The central 
theme is that hospital inflation may be a consequence of 
excess demand for hospital services. The initial argument 
suggests that the nature of medical services, in this 
case, hospital services, is such that physicians have 
sufficient influence on consumers to shift the demand 
schedule in their own behalf. Next, it is argued, that 
under some conditions, physicians would benefit from a 
market characterized by excess demand for hospital 
services. For instance, the existence of excess demand 
frees the physician from merely treating those patients 
who can afford the total costs associated with a stay in a 
hospital. At a price less than market-clearing, 
physicians may opt to treat those patients that satisfy 
their particular taste for risk. Finally, the period 
following a period with excess demand is likely to be 
experience a price increase.

A secondary aim of the dissertation is to derive a



maximum likelihood function for the proposed hospital 
sector model. The market model is atypical since it does 
not contain a market clearing equation, but an equation 
which equates the observed number of hospital admissions 
with the minimum of quantity demanded or quantity 
supplied. A nuance of the model is that it is never known 
whether the observed number of admissions is corresponding 
with quantity demanded, quantity supplied or both. As a 
result, the model can be treated as an endogenous 
switching model, with unknown switching. Given the 
model's design, the likelihood function has the form of a 
bivariate probit search function.
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Chapter 1
Introduction

Hardly a week goes by without a story appearing in 
our nation's newspapers lamenting the problems associated 
with the delivery of medical care to citizens. We cry 
about how much we pay for health care. Annual per capita 
expenditures are at a record $1,772. We chastise 
ourselves that health expenditures as a percent of GNP are 
closing in on 11 percent. We worry about the fact that a 
growing portion of Americans have no plans for financing 
health expenditures. We know that most of us are 
inadequately prepared for the expense associated with a 
catastrophic illness. And, none of these woes are new; in 
the last decade and a half, per capital expenditures rose 
447 percent. In 1970, health expenditures represented 7.4 
percent of GNP, and by 1986, they represented 10.9 
percent.

By far the most troublesome component is the 
hospital sector. Growth in its expenditures has 
persistently outstripped growth for any other category of 
medical service.

As a response to our concerns, legislators have 
reacted: To provide care to our indigent and our elderly,
in 1966, the Medicaid and the Medicare programs were 
implemented. Currently, Massachusetts' government has



legislated ruled that all employers must offer an health 
insurance program to their employees. In the U.S. 
Congress, a movement to extend Medicare benefits to cover 
long-term care is under debate.

But, many would argue such programs were the 
initial impetus to our surging demand for health care and 
new programs will just fuel the upward movement in health 
expenditures. Instead, we should focus on cost 
containment and mechanisms for financing our expenditures. 
Again, such policy has been implemented. The hospital 
component of the Economic Stabilization Program (ESP) of 
the mid-1970s did keep growth in the cost of a day spent 
in a hospital to a rate comparable to that of general 
inflation. But, once the program was removed, hospital 
costs galloped ahead, even surpassing the growth rates 
associated with the period prior to the adoption of ESP.

The most recent chapter in cost containment 
involves a change in the mechanism of payment for hospital 
care. With the introduction of the Diagnosis Related 
Group program (DRG) in 1983, hospitals are reimbursed 
according to a diagnosis group rather than according to 
services rendered. But average stay and total discharges 
from hospital care have recently dropped, in 1980, average 
stay was 7.3 days and discharges per 1000 persons was 168; 
in 1986, average stay was 6.5 days and discharges per 1000 
persons was 148 (NCHS, 1987). But total expenditures on



health services continue to soar.
A basic contention of this paper is if we do not 

begin to understand how all the components of the health 
sector are related, we will continue to design policy 
which may solve one objective, only to have a negative 
impact on another aspect of good health care delivery.

This paper is an attempt to design a comprehensive 
model which will include some of the basic characteristics 
of the hospital sector. A major hypothesis of the paper 
is that spiraling hospital cost increases can be explained 
by a market structure which is persistently in a state of 
excess demand for hospital services. The paper's outline 
is the following: First, a scenario is developed which
gives a rationale for the claim the sector has excess 
demand. Second, a model which takes into account assumed 
characteristics of the hospital sector is designed.
Third, a likelihood function which allows the basic 
hypotheses be tested is derived. And, fourth, a plan for 
testing the model in the future is provided.

The operative definition of hospital service is 
that it is a collection of medical and hotel services 
which are provided in a physical setting known as a 
'hospital.1 While some services are common to all 
hospitals, there are many more which are not (Robinson and 
Luft, 1985). Quantity of hospital services is measured 
exclusively in terms of total admissions into a community



hospital, defined as a non-government hospital whose 
patients' average stay is less than thirty days (AHA,
1983) .

A basic premise behind any market model is that 
agents are in rational pursuit of some objective.
However, it is concurrently assumed that each agent acts 
independently, while the agents (consumers, hospital 
administrators and physicians) may be in rational pursuit 
of their specific objective functions, given certain 
characteristics of hospital service, it is reasonable to 
assume that neither the consumer nor the hospital 
administrator is capable of acting independently from the 
physician. This model focuses on the likelihood that the 
consumer is not independent of one of the major decision­
makers on the supply side. Specifically, the consumer 
requires input from the physician in her decision-making 
process. As a result, variables reflecting the interest 
of the physician are found in the explanation of both the 
supply side and the demand side of the market.

Physician-induced demand is what introduces the 
hospital service market to the possibility of being in 
persistent disequilibrium. But physician-induced demand 
in itself would not guarantee that a market will have this 
characteristic. The additional requirement is that it 
must be in the self-interest of the physician for the 
market to be in persistent disequilibrium. If this is not



the case, the physician would use her influence to set the 
demand equation such that the observed price would equate 
quantity demanded with quantity supplied.

Another way of stating this is, if the controlling 
agent in the hospital sector market is the physician, and 
if the market is characterized by a state of persistent 
disequilibrium, in this case, of excess demand, then the 
physician must be benefiting from its existence. Two 
types of benefits the physician is experiencing in a 
market with excess demand are suggested. First, the 
excess demand may be relaying information concerning 
quality that the average consumer is not able to discern 
by evaluating price. An individual may not be fully 
comfortable relying on the physician's advise as to the 
consequences of a medical procedure for her health, but 
observing a queue of other individuals waiting for this 
medical procedure will giye her confidence in the 
physician's advice. Second, in setting price below a 
market clearing price, the physician may have more control 
over the type of patient she services. To the extent that 
physicians are interested, not just in income, but also in 
rewards like a challenging case load and providing care to 
a variety of patients, this non-equilibrating price does 
allow her to pick and choose her patients.

The above scenario is the theme of Chapter 3 , a 
chapter on the choice theoretics of the hospital sector.



6
Topics included in the chapter are the non-profit nature 
of hospitals, the relation between physicians and 
administrators and its impact on supply decisions, 
consumers' perception of the effect of hospital care on 
their health, health insurance, the effect of medical 
information on the relation between physician and 
consumers, and the benefits physicians would experience in 
a market with excess demand for hospital services.

The specific market model that will be presented in 
Chapter 4 consists of six equations, five which are 
stochastic in nature. The chapter discusses in great 
depth the specification of each equation. Special note is 
taken of predicting values on some of the model's 
parameters which are included to test whether or not 
credence should be given to the hypotheses that there is 
physician-induced demand for hospital service and the 
market is in disequilibrium.

Since estimation using OLS would result in biased 
and inconsistent estimators, a method of full-information 
maximum likelihood is derived in Chapter 5 . A second 
necessary topic for any model which is a simultaneous 
equation mode is that of identification. The necessary 
and sufficient conditions for the hospital sector model 
will be discussed in Chapter 5 . While a time-series model 
would be optimal, because of the size of the model and the 
limited amount of time-series data, the observations are



pooled over the fifty states and the District of Columbia. 
The final topic of chapter 5 concerns the issues 
surrounding the use of a pooled time-series.

The final chapter, Chapter 6 , critiques the model 
and provides a brief strategy for estimating the hospital 
sector model. In addition, two appendices are included 
which discuss the construction and sources of information 
on variables included in the model. The suggested data 
set for future estimation can be obtained from the 
American Hospital Association (AHA) the Health Insurance 
Institute of America (HIIA), the American Medical 
Association (AMA), Social Security Bulletins, the National 
Medical Care Expenditures Survey for 1977, and the 
National Bureau of Economic Research.



chapter 2

An Overview of the 
Hospital Sector

Recent trends of the hospital sector include a 22 
percent decline in the average hospital stay (from 7.35 
days to 5.71 days) during the 1980 through 1985 period, 
and a decrease in the occupancy rate from 69.7 percent in 
1980 to 56.6 percent in 1985. The average patient in 1985 
is reported to be sicker and either a Medicaid or Medicare 
patient. In 1980, privately insured patients represented 
52 percent of hospitals' case load; in 1985, they 
represent 45 percent. The shifts are attributed to such 
factors as greater acceptance of outpatient treatment, 
changes in the reimbursement system and more intense 
competition between hospitals (New York Times, 5/25/88). 
But, despite such changes, health expenditures rose 70 
percent and they represent a average of 10 percent of GNP 
for the six year period. Concurrently, health insurance 
premiums paid by Americans averaged $103 million and grew 
at an average rate of 13 percent per annum.

The focus of this chapter is to examine the general 
trends of the hospital sector with special emphases on the 
1970 through 1982 period. The statistics for this period 
are different than the more recent experience. Topics 
will include trends in hospital revenue and costs, number



of admissions and average stay, hospital regulation and 
private and public health insurance programs.

Characteristics of Hospitals
Except for a brief period in the 1970s when the

Economic stabilization Program (ESP) was in place, growth
in the cost of a day in the hospital outstripped growth in
the general price level. Only in the last few years has
the cost of a hospital stay been less than growth in the
cost of total medical care. (See Table 2.1.) But, as
pointed out by M. Feldstein (1977), "the usually rapid

increase in the cost of a day of hospital care 
reflects a change in the character of hospital 
services rather than a higher price for an 
unchanged product. To understand hospital cost 
inflation ... requires understanding why hospitals 
now provide a much more sophisticated and expensive 
service..."

This section is not concerned with understanding why this 
phenomenon has occurred, but will merely report on general 
trends.

As noted in the introduction, total medical 
expenditures as a percent of GNP have increased from 7.4 
percent in 1970 to 10.9 percent in 1986. During this 
period, hospital expenditures went from $26.0 billion to 
$173.1 billion in 1986, an annual increase of 17 percent.
(See Table 2.2.)

But at least during the 1970s and early 1980s, 
average stay in a community hospital hovered around 7.6



days, while admissions per 1000 persons actually increased 
during the early 1970s from 140 to an high of 150 in 1982. 
(See Table 2.3.) Clearly, not what would be predicted.
The increased utilization of hospital services could be 
explained by better hospital insurance coverage or a 
change in product. An interesting side note is that the 
variance of average stay between the states increased 
drastically during the time frame. with respect to 
better hospital insurance coverage, the percent of 
hospital expenditures financed by private insurers did 
increase from 75.2 percent in 1970 to 82.2 percent in 
1982.

After the DRG program was implemented in 1983, a 
slow decline in admissions and average stay did take 
place. The coincidence of these events means the decline 
can not be attributed to a pricing mechanism. Instead, a 
stricter policy about reimbursing hospitals by insurers 
probably is the initiator of the decline in utilization of 
hospital services.

Hospital Regulations
Hospital regulations range from the licensing of 

professional staff, to mandatory review of cases, to 
regulation of facilities and service growth, to 
controlling revenue and costs. While the first two 
categories of regulation are to insure quality of service



of a good which has merit aspects, and have been ’on the 
books' in some form for all of this century, the second 
two categories of regulation are more recent impositions 
on the behavior of hospitals and can be considered 
responses to the recent trends of rapidly increasing costs 
.of hospital care.

As summarized by Frank A. Sloan and Bruce steinwald 
(1980), "the case for hospital regulation is buttressed by

a general consensus that the hospital market is far 
from the competitive ideal. The majority of 
hospitals are nonprofit and therefore may not be as 
subject to pressures for efficient production as 
are profit-maximizing firms in competitive 
industries. Overinsurance also undermines 
incentives to implement cost-reducing innovations 
and has probably led to overuse of hospital 
services. Many hospitals are'local monopolists and 
perhaps monopsonist as well, other structural 
characteristics of the industry, including 
medical-staffing privileges, severely limit patient 
and physician choice of hospital. Finally, given 
the ’merit want’ aspect of health and hospital 
care, society may not be satisfied with a market
solution, even if the above impediments were not
important."
But this chapter is concerned not with the 

motivation for hospital regulation but with a description 
of the major regulations instituted during the 1970
through 1982 period. In particular, the following section
will focus on the Certificate of Need program (CON), the 
Section 1122 program (1122), the Economic Stabilization 
Program (ESP) and prospective reimbursement programs (PR). 
Following the description of each program is a brief 
summary of the estimated impact of the program on quantity



and quality of hospital services and changes in hospital 
charges and input costs.

State legislated CON programs have been required by 
Federal law (National Health Planning and Resource 
Development Act) since 1974. Each state must designate an 
agency whose function is to review plans for expansion or 
modernization of a hospital. In some states, in addition, 
the introduction of a new service by a hospital will 
warrant review, while CON programs are universally 
required, they vary substantially between states with 
respect to comprehensiveness (i.e., some review only 
hospitals; while in other states, hospitals, nursing homes 
and physician offices are included in mandatory reviews,) 
dollar threshold on capital expenditures before review 
becomes required, and type of appeal process.
Furthermore, non-compliance by a medical facility does not 
result in a penalty (Sloan, 1980).

Studies analyzing the impact of the CON programs 
have concluded that while they result in no aggregate 
growth in hospital capital, they will induce a 
redistribution of types of capital. Specifically, CON 
programs result in a replacement of bed stock expenditures 
with capital expenditures which improve quality of service 
per bed. (This finding concurs with Newhouse's conclusion 
that hospitals have a quality bias (1970)). In addition, 
hospitals within states which were in the process of



implementing a CON program had significant anticipatory 
growth in bed stock. The consequence of CON programs on 
costs per bed, while inconclusive, appear small, if any 
(Sloan, 1981) .

Similar to the CON programs, the objective of the 
1122 programs is to regulate hospital services by review. 
Unlike the CON programs, the 1122 program criteria are 
uniform across participating states. The program is 
voluntary. Any hospital which receives revenue from 
public programs financed by the Social Security 
Administration and which is located in a participating 
state must acquire permission for any hospital 
expenditures which exceed $10.0,000, any change in bed size 
or any change in services offered to the community, 
obviously, the larger the proportion of hospital revenues 
from public programs, the greater the likelihood the 
hospital will allow its plans to be reviewed. Not to 
allow review is paramount to not receiving public money. 
While the 1122 program has a better participation rate 
than the CON programs, its effects on capital stock 
expenditures and costs per bed are similar (Sloan, 1981).

The ESP program, with respect to the hospital 
sector, went through a number of metamorphoses during its 
existence. Initially, from August 1971 through November 
1972, controls were placed on hospital wages and prices 
charged for specific hospital services, interestingly,



controls were not placed on charges which would be 
reimbursed by a third-party payer. Hospitals could 
circumvent controls by changing the quality of existing 
services or introducing a substitute service whose costs 
would be reimbursed by a third-party payer, in December 
1972, hospitals were limited to a 6 percent limit on their 
overall increases in costs per patient-day. Hospitals 
interpreted this control as a limit on quality of service 
- which was not part of the legislative mandate of the 
ESP. The American Hospital Association took the Cost of 
Living Council to court on this issue. Before a ruling 
was obtained, the hospital component of ESP expired (in 
1974), and no ruling on the issue was made. An 
interesting fact about the history of ESP is that while 
the rest of the wage and price controls mandated by the 
ESP were in effect for approximately five quarters - from 
August 1971 through December 1972, due to the rapid 
increase of hospital charges, controls on the hospital 
sector were in place for a significantly longer period of 
time - through April 1974 (Sloan, 1980; Feldstein, 1977).

The impact of ESP controls are reported to be 
ambiguous. Ginsberg (1978) concluded that they had a . 
small negative impact on average wages and no affect on 
other costs. However, Sloan (1981) found the program to 
affect hospital costs by 2% to 3.3% in the short-run, and 
up to 10% in the long-run. Both Ginsberg and Sloan found



a disturbing negative effect on hospital profits. While 
not conclusive, the ESP program, according to Sloan (1981) 
may have encouraged hospitals to discriminate toward 
admission of patients with less severe conditions 
requiring shorter stays for recuperation and/or use of 
less hospital resources per day.

A prospective reimbursement program will state the 
rate of reimbursement for hospital services. The rate 
structure may be determined by a formula or as a result of 
a proposed budget submitted by the hospital to some 
agency. Regardless of which is used, once the PR scheme 
is in place, overruns are only the responsibility of the 
hospital and can not be automatically passed on to the 
consumer in the form of a higher charge (Sloan, 1981)

PR programs vary considerably between states. In 
particular, as delineated by Sloan (1981), PR programs 
vary by responsibility of administering the program, being 
mandatory or voluntary, which third-party payers are 
included, and how long the program has been in effect.
With respect to reducing costs, the most effective PR 
programs are ones which are mandatory, use a formula, are 
required by third-party payers, and have been in effect 
for a substantial period of time. In general, the PR 
programs have the same consequence as the ESP program with 
one exception. PR programs are less likely to result in a 
hospital going bankrupt.



The only substantial PR program during the time 
period of the study was instituted in New Jersey 
{established in 1980). As a reaction against the adoption 
of “he Tax Equity and Fiscal Responsibility Act (TEFRA), a 
nation-wide PR program was adopted as of October 1983. 
Hospitals which receive reimbursement from .either Medicaid 
or Medicare were constrained to charge for their service 
in accordance to 467 diagnosis-related groups. The 
charge schedule is based on average costs in nine regions. 
Since the paper is concerned with the hospital sector 
prior to 1983, evaluation of the effectiveness of the DRG 
program will be ignored.

Health insurance
Actual increases in hospital charges have allowed 

hospitals to change their product with respect to volume 
of personnel, high-tech equipment and other inputs per 
bed-day. But, many have argued that this is just a market 
response to consumer demand for such an improved bed-day. 
And the increase in demand may be considered a consequence 
to the growth in the scope of health insurance coverage. 
This section looks at various characteristics of health 
insurance and its growth.

Expenditures on private health insurance coverage 
in 1982 represented 5.6 percent of GNP. When public 
programs are included, the percent of GNP allocated to



health insurance premiums becomes 10.5 percent. Average 
growth of such expenditures from 1970 through 1982 is 37 
percent per annum. Of course during this time frame, the 
number of people with coverage did increase, but still, 
the per capita health insurance premium went from $161 in 
1970, to $819 in 1982, an increase of 409 percent. Since 
many Americans have no insurance coverage, the average 
insurance payment among those people with insurance is 
surely larger.

Private health insurance coverage used to finance a 
stay in a hospital can be distributed between a number of 
different categories of policies. (See Table 2.5.) The 
categories include hospital expense insurance, surgical 
expense insurance, major medical expense insurance and 
physician expense insurance. (See Table 2.6.) People 
hold various combinations of policies. The most common 
type of policy, held by over 189.0 million people in 1980, 
is hospital expense insurance. It usually provides 
specific benefits for room and board and usual hospital 
services. The coverage is generally stated as a specific 
dollar amount per day of stay or as a percent of the daily 
expense. Coverage has a limit expressed in terms of 
maximum days of inpatient care per visit and/or a maximum 
dollar amount. Surgical expense insurance offers coverage 
for surgical procedures recommended due to illness or 
accident of the policy's beneficiary. Often, it covers



some portion of an anesthesiologist's fees. Benefits are 
stated in terms of maximum payment or a percent of payment 
for a specific surgical procedure. Approximately, 178.2 
million people held some sort of surgical expense 
insurance In 1980. To cover physician fee expense, and 
sometimes diagnostic testing fees, incurred while in a 
hospital, at home or in an office, over 169.5 million 
people held physician expense insurance in 1980. Again, 
coverage is stated either in terms of a maximum 
reimbursement or as a percent of the fee (HIAA, 1982).

During the 1970 through 1982 period, the fastest 
growing type of health insurance was Major Medical expense 
insurance. While the proportion of the U.S. population 
covered by other types of health insurance remained 
relatively constant, the proportion of people covered by a 
Major Medical policy increased from 51.3 percent in 1970 
to 68.4 percent in 1982.

Two types of major medical policies are offered by 
insurers; one which supplements the three previously 
mentioned types of insurance, and one which provides 
comprehensive coverage on its own. If major medical 
policy is the first type, it offers no coverage until the 
first type of coverage is exhausted, while the second type 
is in effect starting with the first dollar of hospital 
related expense. Both types include some stated form of a 
deductible and copayment. While some portion of major



medical policies provide unlimited benefits, most do state 
a maximum benefit. However, the maximum benefit varies 
substantially from policy to policy (HIAA, 1982)

At least for 1977, the year the National Health 
Expenditure Survey was conducted, if a person had private 
health insurance, there was a 98.7% probability she was 
covered for inpatient hospital expenses, a 97.2 percent 
probability she was covered for surgeon fee expense and a 
95.9 percent probability she was covered for physician 
service expense (Data Preview No. 20, 1985).

A substitute product to health insurance is the 
health maintenance organization (HMO). For a prepaid fee, 
an HMO provides nearly universal medical coverage to its 
members. While some HMOs impose a nominal users' fee for 
out-of-hospital physician service and/or diagnostic 
medical services, all in-hospital expenses are non­
existent to its members.

While HMOs have been in existence since the 1930s, 
they have only been popular in the last decade and a half. 
(See Table 2.7.) From 1972 through 1982, membership in 
HMO's grew by more than 208 percent (HIAA, 1983). Even 
more outstanding is the statistic that in one year, from 
December 1983 to December 1984, membership rose by 34 
percent (Excelsior, 1987). Because HMOs emphasize 
preventative care by caring for the total patient, and 
consequently, they are considered to be more cost



efficient, it is expected that 25-30 percent of the U.S. 
population will soon be enrolled in HMOs rather than 
holding traditional health insurance (D. Waldo, 1986).

HMOs' popularity is not necessarily initiated by 
the consumer. A common perception of consumers is that 
HMOs provide lower quality of services with less choice. 
But because of the drastic increase in medical costs, HMOs 
are often offered by the insurers to the consumer at a 
substantially lower price compared to traditional 
insurance. In other words, insurers have diversified into 
the HMO market and have made HMOs too good not to be 
considered as an alternative to health insurance.

Federal and state governments allocate an ever 
increasing portion of their combined budgets toward health 
care expenditures. In 1970, total government expenditures 
were $22.4 billion; in 1980, they were $86.5 billion; and 
by 1985, expenditures were an amazing $147.5 billion (D. 
Waldo, 1986).

For the most part, hospital expenditures by the 
government have been through the auspices of either the 
Medicaid or Medicare program. Medicaid is a health 
financing program for our indigent members and Medicare is 
an insurance program for our elderly.

Medicaid is a federally funded and state 
administered program. It was instituted under the Social 
Security Act: Title IV-A to provide funds for the medical



services to groups of •categorically needy' people. While 
all states currently participate, participation is 
voluntary. As a result, states are given a great deal of 
discretion as to who is eligible, specifying benefit 
levels and determining the provider payment mechanism.
Once a program is in place, states are required to be 
uniform in their criteria throughout the state.

A minimum eligibility requirement for the class of 
'categorically needy' is membership in a cash assistance 
program. A state can extend Medicaid eligibility to other 
groups of needy people. All participating states must 
provide certain basic services, one of which is inpatient 
hospital service. Medicaid is a 'vendor payment program.' 
If a hospital accepts Medicaid patients, it must accept 
Medicaid's reimbursement as full payment for any services 
rendered. As noted earlier, as of October 1983, 
reimbursement levels are determined by diagnostic group 
rather than by services rendered. Finally, expenses 
incurred by the Medicaid program are shared jointly by the 
states and the Federal government. The distribution of 
financial responsibility is determined by the scope of the 
program in place within a state (NCHS, 1981; Soc.Sec.Adm., 
1981).

People, 65 years and older, and disabled people who 
have received social security payments, are eligible to 
enroll in Medicare. In fact, approximately 95 percent of



those people eligible do enroll.
Medicare as two components: One, a hospital

service insurance program (Part A), is financed through a 
Federal tax on current earnings. The second, supplemental 
medical insurance (Part B), is paid for through premiums 
paid by enrollees. While Part A finances hospital 
expenditures, and Part B finances physician visits and 
some other medical expenses, both involve cost-sharing by 
users. Furthermore, there are many medical services which 
are not financed by Medicare (prescription drugs, dental 
care, preventative services and long-term care). As in 
the Medicaid program, hospital and physicians that accept 
Medicare patients must accept payment for their service 
according to a diagnostic group.

Even with the existence of many private and public 
programs, some Americans have no plan which would finance • 
a hospital stay, should one occur. In fact, a substantial 
portion of the population is without any health insurance 
coverage. While there is a wide variation in the estimate 
of the portion of the population which is uninsured; the 
Congressional Budget Office claimed the uninsured 
accounted for five to eight percent of the population 
(HIAA, 1983) and NCHSR set their numbers to be 12.6 
percent of the population; there is agreement as to what 
characteristics will make a person more or less likely to 
be uninsured. (See Table 2.8.) A study conducted by



NCHSR found the uninsured tends to be young, poorly 
educated, black and from rural areas (NCHSR, 1985). 
Finally, in the 1978 National Health Interview survey, 
people who were not covered by any health financing 
program generally claimed they were in this predicament 
because health plans were too expensive (54 percent), or 
because they were unemployed (32 percent) (NCHS, 1981).
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Table 2.1 
Percent Change in Medical Costs

General Hospital
Medical Care1 Room 1 CPI

6.3% 12.9% 5.9
6.5 12.2 4.3
3.2 6.6 3.3
3.9 4.7 6.2
9.3 10.7 11.0

12.0 17.2 9.1
9.5 13.8 5.8
9.6 11.5 6.5
8.4 11.0 7.7
9.3 11.4 11.3
10.9 13.1 13.5
10.8 14.8 10.4
11.6 15.7 6.1
8.7 11.3 3.2
6.2 8.3 4.3
6.2 5.9 3.6
7.5 6.0 1.9

Source: U.S. Bureau of Labor Statistics, CPI
Detailed Report, 1987.
Source: Bureau of Economic Analysis, Survey of
Current Business, 1987.
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Table 2.2 
Medical and Hospital 
Service Expenditures1

Total2
Medical
Expenditures

Percent 
of GNP

Hospital2
Expenditures

$ 65. 4B 7.4% $ 26.2B
120.0 8.3 50.6
198.4 8.6 84.5
230.0 9.1 99.0
266.8 9.4 116.0
301.3 10.2 131.7
333.0 10.5 142.9
365.2 10.4 152.0
395.0 10.6 162.5
430.0 10.9 173.1

U.S. Health Care Financing Administration, Health 
Care Financing Review, 1987.
Totals do not include research or construction money.
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Table 2.3 
Admisions and Average Stays 

in Community Hospitals1

Admissions 
per 1000

140 
156
156
157 
159 
159
157
155
149
141

Average 
Stay in days

8.2
7.7
7.6
7.6
7.6
7.6
7.6 
7.5
7.3
7.1

source: American Hospital Association, Hospital
Statistics, 1987.
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Table 2.4 
Hospital Expenditures and 

the Private sector1

Total
Hospital
Expenditures

Total
Private
Expenditures

Percent 
Paid by
Private Insurer

$ 26.2B 
50.6 
84.5

$ 12.IB 
.21.8 
38.3

75.2%
81.9
83.8

99.0 45.4 83.1
116.0 53.7 81.7
131.7 60.8 82.2
142.9 • 66.4 80.6
152.0 69.6 78.8
162.5 72.9 80.7
173.1 79.6. 79.4

1. Source: U.S. Health Care Financing Administration,
Health Care Financing Review, 1987.
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Table 2.5 
Persons Covered by 

Specific Health Insurance Policies1•2

Hospital Surgical Physician
Expense Expense Major Expense
insurance Insurance Medical Insurance

158.8 151.4 103.5 138.7
161.8 153.1 108.8 139.4
164.0 154.7 113.8 140.9
168.5 162.6 124.6 151.7
173.1 166.4 131.4 158.2
178.0 168.9 134.1 161.9
176.6 167.4 135.0 163.1
179.0 167.2 139.4 160.4
181.5 172.5 141.5 164.1
183.2 173.8 147.9 163.9
189.0 178.2 153.6 169.5
188.3 176.9 153.7 164.1
191.1 180.3 160.1 171.6
189.9 179.1 159.6 173.1
184.4 NA 167 .7 NA
181.3 NA 162.8 NA

Source: Health Insurance Association of America,
Source Book of Health Insurance Data, 1987.
In millions.
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Table 2.6 

Percent of Population Covered 
by specific insurance1

Hospital Surgical Physician
Expense Expense Major Expense
Insurance Insurance Medical Insurance

78.8% 75.0% 51.3% 68.7%
78.9 74.7 53.1 68.1
78.9 74.4 54.1 67.8
79.9 77.1 59.1 71.9
80.9 77 .8 61.4 73.9
82.0 77 .8 61.8 77.6
80.5 76.3 61.5 74.3
80.7 75.5 62.9 72.4
81.0 76.7 63.1 73.2
80.9 76.8 65.2 72.4
82.5 77 .8 67 .0 74.0
81.3 76.4 66.4 70.8
81.7 77.1 68.4 73.4
80.4 75.8 67 .6 73.3
77.4 NA 70.4 NA
75.4 NA 67.7 NA

Source: Health Insurance Association of America,
Source Book of Health Insurance Data, 1982, 1987.
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Table 2.7 
Enrollment in HMOs1

Number{000)
Percentage
Change

Percent of 
Population

6016 2.7%
6331 5.2% 2.9
7471 18.0 3.3
8226 10.1 3.6
9100 10.6 4.0

10266 12.8 4.4
10831 5.5 4.6
12491 15.3 5.3
16743 34.0 7.0
18894 12.8 9.8
23664 25.2 9.8

Excelsior, National HMO Census, 1987.



Table 2.8 
Summary Statistics 
on the Unisured1-

Group
18-24 Year Olds 
65 Years and older 
All Ages
Non-White
White
Adult and No H.s. Diploma 
Adult with a H.S. Diploma
Rural Residence
Residence in 16 Largest SMSA
South or West 
Northeast or Northwest

Probability of 
No Insurance

20.9%
4.3

12.6
18.1 
11.7
15.5
12.1
18.0
10.4
16.2
9.1

1. Source: NHCES, Data Preview 1: Who are the
Uninsured?, 1981.



Chapter 3
Choice Theoretic of the Hospital Sector

For the 1970 through 1982 period, two distinct 
structural models can be considered in the analysis of 
cost changes in the hospital sector. One model takes as 
given the notion that the market is either in equilibrium 
or tending toward equilibrium. As a result the observed 
cost of a hospital stay is likely to represent one which 
is equilibrating quantity demanded with quantity supplied. 
Contrary to the first model is a second structural model 
which infers no such equilibration characteristic for the 
observed hospital charge. The hospital sector may or may 
not be satisfying a market clearing condition. Essential 
to the second model's design is a notion that desired 
demand and desired supply may be independent from the 
actualized or observed number of hospital admissions per 
time period, though the converse is not true.

Within the first type of market model, any 
explanation as to the persistent increases in hospital 
costs requires the introduction of exogenous factors which 
drive either the demand or supply schedules in an upward 
direction. Persistent cost increases, then, are 
interpreted as dynamic adjustments to the outside forces.



One popular scenario relies on the rapid increase 
in the general price level which characterized the period 
under study and the United States' progressive tax rate 
structure. During this period of unusually high 
inflation, people attempted to avoid the erosion of their 
total wage basket by negotiating for an ever-increasing 
portion of their compensation in the form of in-kind 
fringe benefits including group health insurance coverage. 
Given the progressive federal income tax structure, their 
objective, of course, was to avoid some of the otherwise 
inevitable increase in their marginal tax rate. This was 
agreeable to employers since income used for health 
insurance premiums by employers was deductible from their 
corporate income taxes. Since better health insurance 
translates into a lower coinsurance rate, the portion of a 
dollar of health care expenditures paid directly by the 
consumer, one outcome of the dynamic was an effective 
decrease in the price of hospital service at time of 
illness. Consequently, for any potential hospital charge, 
holding all other things constant, there is an ever larger 
demand for hospital services (Feldstein and Friedman, 
1977). To summarize, the increases in hospital costs, in 
this case, can only be interpreted as a relative price 
change.

While the second model's design does not exclude 
the first model's explanation for hospital cost inflation



- there is always some probability that quantity demanded 
simultaneously equals quantity supplied - and the 
inflation is the consequence of an adjustment phenomenon, 
it does allow for an additional explanation. As a result, 
the second model can be considered a more general hospital 
sector model.

The major argument of this paper is that the 
increases in hospital service costs during the period 
under study are larger than what can be explained by an 
inflation-insurance adjustment process, or any other 
exogenous factor which can be translated into relative 
price changes, but are, in addition, driven by excess 
demand for hospital services. To make the argument that 
the hospital sector is in a permanent state of 
disequilibrium, it is essential to identify an economic 
agent who has 'motive and opportunity' to benefit from 
this market structure. For reasons elaborated upon below, 
the physician is going to be the 'culprit.'

A basic premise of the paper is that hospital cost 
inflation is a possible indicator of persistent excess 
demand for hospital services. The primary objective of 
this chapter is to provide a rationale for this premise.
To make this argument, it must be shown, first, that it is 
reasonable to believe physicians may have sufficient 
control over market outcomes to guarantee physician- 
induced demand, and second, it may be in the interest of



physicians for price to be such that there is excess 
demand for hospital services. A secondary objective of 
this chapter is to state some of the assumed 
characteristics on both the supply and demand sides of the 
hospital service market.

A sketch of hospital sector relations is the 
following. Physicians, working jointly with hospital 
administrators, make hospital supply decisions, locating 
the supply schedule. But, in addition, because of the 
nature of health and hospital services, the physician is 
able to influence the behavior of consumers with respect 
to their consumption of hospital services; that is, the 
physician has some influence on the location of the demand 
schedule. Under some conditions, -a market with an agent 
who has influence over other supply and demand factors may 
be better off in a market with excess demand than a market 
which is clearing. The hospital sector is in 
disequilibrium because the physician, in pursuit of self- 
interest, is capable of generating a disequilibrium state 
and benefits from the existence of a disequilibrium 
market.

The outline of the remainder of this section is the 
following: First, the dynamic relation between hospital
administrators and physicians is discussed. Second, the 
nature of the 'good1 hospital service from a utility 
perspective and the effects of physicians on the behavior



of consumers with respect to this 'good' are discussed. 
And, finally, the possible benefits physicians may be 
experiencing in a market with excess demand are 
considered.

As defined in the introduction, hospital service is 
a collection of medical and hotel services which are 
provided in physical setting known as a hospital. Within 
each hospital, decisions concerning the exact mix of 
services along with admissions and treatment (affecting 
length of stay) must be made. A schedule of hospital 
charges must be selected. Before hypothesizing how these 
decisions are determined, some relevant characteristics 
must be considered along with their influence on the 
decision-making process. The hospital characteristics 
which will be discussed below include non-profit status 
and the interdependence of supply agents. It should be 
noted that the probable trade-off between quantity and 
quality of hospital service is left for later research.

While a hospital may have the legal status of being 
either a for-profit or a non-profit organization, the vast 
majority of community hospitals are legally non-profit 
organizations. Hence, a basic assumption of the paper is 
that hospitals are non-profit organizations providing a 
merit good. In terms of economic analysis, the 
ramifications of this assumption is not trivial.



An obvious impact of hospitals' legal status is 
that they do not finance capital expansion by issuing 
stock. From one perspective, this means they do not need 
to be concerned with return to equity. From another 
perspective, their non-profit status seriously contracts 
their market for financing. For the most part, hospitals 
rely on locally floated bond issues, donations from 
philanthropists and grants from the public sector when 
financing a capital expansion. In addition, their status 
allows them exemption from some taxes and labor laws 
holding down costs and making donating to hospitals 
attractive (Newhouse, 1970). But, it is a double-edged 
sword. Because they produce a merit good, and society 
fears abuse by producers, the hospital sector is among the 
most regulated of sectors in the U.S. economy. (See 
chapter 2 for specifics of hospital regulation.) 
Regulations such as licensing of professional staff, 
review of its product, and control of charges, which 
dictate a range of responses by hospitals, can be 
interpreted as constraints on their behavior (Sloan,
1981) .

As a result of their legal status, hospital 
decision-makers do not have the objective of profit 
maximization as in the standard neo-classical model. At a 
minimum, it will be assumed that they attempt to cover



costs which are partially determined by their regulated 
status.

While the possible set of hospital decision-makers 
within a hospital includes a board of trustees, 
administrators, and physicians, for simplicity of 
analysis, the interests of the trustees are assumed be 
identical with those of administrators. Hence, the agent 
category, administrators, includes trustees. It should be 
recognized that this simplification may not be accurate 
for two reasons. One, administrators are employees, and 
therefore are concerned with their work environment and 
not just with equating costs with revenue. And, two, 
hospital trustees lack the important inducement of being 
able to offer stock options to administrators, which can 
bring the behavior of managers in a for-profit firm in 
line with the interest of stockholders.

In addition, administrators in this paper are 
considered to be partial representatives of the public 
trust. To the extent that hospital services can be 
considered merit services, the provision of such hospital 
services is a social contract. As implied above, the non­
profit status and the legal benefits which accompany the 
status are evidence in favor of this hypothesis.

The majority of physicians are not employees of a 
hospital. They, instead, have varying levels of 
privileges to use a hospital's facilities. Their use of



hospital services imposes no cost on them. However, 
regardless of where a physician service is produced, their 
income is generated from fees charged directly to 
consumers. It is this dichotomy which differentiates the 
objectives of administrators from that of physicians. 
Administrators consider hospital services as the final 
product to consumers while physicians consider hospital 
services as an input into the production of physician 
services, a final product to consumers (Pauly, 1973).

Expanding upon this notion, the two agents can be 
considered distinct but mutually dependent with respect to 
their objectives. Each needs the other in the sense that 
neither can operate a hospital alone. However, their 
objectives are not identical, and may be contradictory.

A physician does not produce a homogeneous product. 
The product will depend on the amount of physician time 
used, the physician's human capital, office-located inputs 
and hospital-located inputs. Since technically there is 
no reason why all services could not be produced within 
the confines of a physician's office, there must be an 
economic motivation for observing the use of hospitals by 
physicians. The benefits to the physicians are twofold: 
First, by housing non-ambulatory patients under the same 
roof, physicians are able to economize their time by 
treating such patients in rapid succession during 
'rounds.' And second, the hospital allows a fuller



utilization of specialized equipment and labor by 
physicians than would occur if each doctor treated her 
patients in her own office, thus lowering the costs to 
each physician.

Assuming the physician is a typical rational 
economic agent, for any given service, she will select an 
array of inputs for her service which minimizes her cost 
function subject to a technology constraint. While 
hospital-located inputs are not free inputs, their cost to 
the physician is a function of how much of the physician's 
time is required to use the hospital-located inputs, and 
their costs are understated to the physician. As a 
result, a physician will tend to recommend more treatment 
plans which involve hospitalization than in the case where 
she was responsible for all costs (Pauly, 1980).

Despite not having property rights to the hospital, 
physicians are active participants in the process of 
determining the mix of services offered by a hospital. 
Physicians will rationally endorse any change in the mix 
which results in an increase in their income. Hence, any 
additional hospital service which lowers their per unit 
cost of producing physician services, or which allows them 
to offer a profitable physician service, will be endorsed. 
In summary, physicians have economic motivation to 
negotiate a larger variety of hospital services than if



they were required to finance by themselves the full cost 
of such a service.

But, given that physicians have no property rights, 
a question begging for an answer is why would hospital 
administrators relinquish such a pivotal, and obviously 
costly, role to physicians. The answer has more than one 
dimension.

A hospital without attending physicians is not much 
more than a hotel. Without attending physicians, 
administrators would have to rely on their emergency rooms 
and out-patient clinics for customers. So, administrators 
rely on physicians for customers. While physicians are 
drawn to a specific hospital for its array of facilities, 
physicians allow administrators to bill the consumer 
directly for use of hospital services. Plus, having 
specific physicians associated with a hospital enables the 
hospital to differentiate its product from others, and 
allows a hospital to set its charges like a monopolist. 
Having unique services must be combined with having a 
unique set of physicians. Accommodating physicians in the 
decision-making process provides hospitals with customers 
and the ability to set their own price.

The cost to physicians of not having to finance 
their use of hospital-located inputs is sharing the 
decision-making process with administrators. Given a 
different set of motivations from physicians,



administrators will be interested in the total cost of 
providing additional service, less the physician time 
costs. It is likely that administrators will have the 
objective of covering their expenses and will tend to 
constrain hospital service mix to a least cost level for a 
given number of patients. This improves their probability 
of keeping hospitals solvent, but their behavior is 
constrained by a fear of losing physicians, and 
subsequently, patients (Robinson and Loft, 1985; Pauly,

N

1980).
Besides negotiating the mix of hospital services, 

physicians and administrators will have to also negotiate 
the price of hospital services. Pragmatically, consumers 
react to their estimate of total price of hospital 
services: the hospital charge and the physicians' fees.
To the extent that a hospital is a monopolist, total price 
will be larger than marginal cost, and quantity supplied 
will be less than what is socially optimal.

A last question is how will the return over cost be 
distributed between administrators and physicians. The 
answer depends on the distribution of control between 
them. If physicians have absolute control, then the 
return to administrators will be just sufficient to cover 
costs and to expand in ways which are beneficial to the 
physicians. The residual will returned as fees to 
physicians. If, on the other hand, administrators have



absolute control then the return to physicians will be 
just sufficient to cover their average costs plus an 
inducement to keep them utilizing the hospital. Any other 
variation in the distribution of control between 
physicians and administrators will involve some 
negotiation process which will weigh their relative 
strengths.

In the negotiation of both hospital service mix and 
total price, the outcome will depend on the concentration 
of hospitals and physicians within a locale.
Specifically, the larger the ratio of hospital beds to 
physicians, the more weight the physicians' objectives 
will be given and the larger the return to physicians 
(Robinson and Loft, 1985).

As far as consumers are concerned, hospital service 
is one of many goods that may be used by the consumer in 
the production of 'good health' or 'physical well-being.' 
The demand for any goods or services purchased by the 
household sector can be considered as derived from a 
desire to produce some intrinsic good which yields utility 
to individuals. If the focus of the paper was on demand 
for hospital care, it would be advantageous to begin with 
the demand for health, and then derive a demand for 
hospital service (Grossman, 1972). But, since its focus 
is on the hospital sector, the determinants of demand for



health will merely be included as determinants of the 
demand for hospital services.

That demand for hospital services is a derived 
demand does not explain why its expenditures are financed 
by insurance or why consumers require outside information 
concerning its impact on consumer production of ' good 
health.' It is these characteristics which cause hospital
services to be an atypical product.

A person's state of health is more stochastic in 
nature than other 'goods' found to yield utility to the 
individual. Even with a specific current level of health 
and an expected change in the level of health for the next 
period, an individual faces the possibility of being very 
wrong in her forecast about her health level. Moreover, a 
decrease in a person's health state will have a negative 
effect on a person's ability to earn income.
Consequently, variability in a person's level of health 
introduces variability in a person's ability to earn
income. Given this situation, the emergence of insurance
to finance expenditures on health producing goods, like 
hospital service, and to protect income levels, is 
predictable (Arrow, 1963; Pauly, 1986).

While the uncertain nature of the derived demand 
for hospital service results in the financing of its 
expenditures through insurance, health insurance markets 
tend to be different from other types of insurance



markets. In a world where the insurer and insured have 
identical information and where the price of insurance is 
actuarially fair - a price which is based on the odds of 
having a health status that would require the use of 
medical products. - people would insure against all 
losses (Ehrlich and Becker, 1972). If this were the case, 
people would acquire medical insurance which would cover 
all costs associated with illness, including a stay in a 
hospital.

Because of the phenomena of adverse selection and 
moral hazard, health expenditures are not fully insured 
and health insurance tends to be purchased by an 
individual as a member of a group. Specifically, it is 
likely the individual has better information than the 
insurer on the probability of incurring a change in his or 
her health status. Also, an individual's spending on 
health services in response to such a change varies 
considerably, and again, the individual has better 
information on his or her likely behavior than the 
insurer. The insurer's fear that improved insurance will 
result in an increase in medical expenditures following 
any negative change in health status results an offer of 
less than full coverage. By pooling potential insurance 
buyers in a group, insurers reduce both types of risk. 
Insurers are able to offer any level of insurance for less 
to a member of such a group than to an individual person.



When an consumer purchases group health insurance, there 
is the clear benefit of a lower price for any given level 
of insurance (Pauly, 1968). Given our current tax codes, 
consumers prefer that for the group be an employment group 
(Feldstein, 1973; Vogel, 1981).

In addition, health has a public and merit good 
aspect. One person's good health, or lack of it, 
potentially may affect another's good health'. And a 
popular notion is that, as part of our social contract, 
our members have a right to good health, or in the very 
least, there ought not be an unreasonable difference in 
access to medical care between members of our society. 
Therefore, to the extent that private insurers do not have 
the incentive to provide full coverage, and that there is 
a clear price differential between group and individual 
acquired insurance, public insurers have been mandated 
(Arrow, 1963).

Regardless of whether health insurance is acquired 
privately or through public entitlement, at the time of 
illness, the consumer is facing a 'price* which is less 
than the actual market price.

But there is another dimension to 'good health1 
which makes it distinct from other goods and services.
The production of 'good health' is complicated and varies 
substantially from period to period and from individual to 
individual. Under some circumstances, the individual will



have a pretty good idea as to what combination of market- 
purchased goods and services are necessary in its 
production. And, even if the individual miscalculates, 
errors in judgment will not make much difference in the 
actual level of health services the individual consumes. 
But under different circumstances, this will not be the 
case. During some time periods, determining what inputs 
are necessary and in what combination is beyond the 
comprehension of the consumer. Even if this is known, due 
to the capital-intensive nature of some medical care and 
the barriers to entry, the administration of medical 
inputs by the consumer is impossible. Hospital service is 
one such input. The consumer requires the advise of an 
agent - in this case, the physician, both to determine the 
mix and nature of medical inputs and to administer the 
production of health (Pauly, 1980).

The inability of the consumer to assess the 
consequence of hospital services or to access hospital 
services without the permission of a physician results in 
the possibility of physician-induced demand and the 
potential of the sector being in disequilibrium.

The physician can be considered the 'gatekeeper' to 
hospital services. On the one hand, the physician may act 
only with the consumer's interest in mind, hence, as a 
perfect agent, subordinating her own objectives to those 
of the consumer. If this were the case, the physician's



recommendation to the consumer would be identical to what 
the consumer would choose if she had the same information 
and entry rights as the physician. On the other hand, a 
physician acting purely in this fashion would not be 
rational from an economic perspective. Logically, it 
would be expected that the physician will base her 
recommendation on her perception of the consumer's desires 
and her own objectives. It may or may not perfectly
correspond to the perfect agent case (Pauly, 1980).

\

By definition, then, physician-induced demand is 
demand for hospital services which would not have occurred 
if the consumer had identical information as the physician 
(Hay and Leahy, 1982). The induced demand may be 
motivated by a desire to save physician time, to 
regularize the physician's schedule, to reduce risk of 
potential lawsuits, misinformation on the part of the 
physician as to the consumer's attitude toward health and 
risk, or even physician's own income (Pauly, 1980).

Physician-induced demand might affect the 
negotiation process between physicians and hospital 
administrators. As already mentioned, physicians and 
administrators do not share the same incentives in 
decisions concerning the mix of hospital services. 
Specifically, the physician, who treats hospital inputs as 
free in the production of her services, tends to demand 
more hospital services than the administrator, who has the



goal of equating expected average cost with expected 
average revenue. But, if a physician can show steady 
demand for the hospital service - say, more than current 
levels can service, then the administrator is likely to 
permit expansion, in the belief that there is little risk 
of not satisfying his objective (Feldstein, 1971).

Supporters of the notion of physician-induced 
demand point to the large interregional variation in per 
capita utilization of elective services for evidence 
(Reinhardt, 1978; Fuchs, 1978; Cromwell and Mitchell, 
1986). Within regions, high per capita utilization 
appear to be strongly correlated with above-average 
physician incomes and densities. By encouraging consumers 
to use their services more frequently or to use more 
expensive procedures, physicians may be targeting an 
income objective. Fee income per physician in a high- 
density area ought to be significantly higher than fee 
income of physicians in other regions. Of course, 
antagonists of the physician-induced demand theory argue 
that physicians are merely locating in regions with above 
average demand for their services (Hay and Leahy, 1982).
In this case, the larger supply of physicians per capita 
will result in an increase in the quantity of physicians1 
services demanded. Concurrently, fee income per 
physician should have declined. The obvious test for the 
existence of physician-induced demand for medical services



is whether a change in the number of physicians affects 
fees.

Assuming that the supporters are correct and that 
physicians can induce demand for their services, it is not 
obvious why a physician would prefer a market where the 
prevailing fees and hospital charges ,are below market- 
clearing amounts. In other words, while the theory does 
provide an explanation for the persistent excess demand 
scenario, it is not obvious why a market-clearing price 
will not be observed. The physician can generate the 
scenario, but will do so only if it is in her interest.
Two benefits are considered below:

Excess demand in the form of an actual queue or 
the necessity of waiting for admission into a hospital may 
be relaying information to the consumer from the physician 
that the physician is unable to relay directly to the 
consumer. When hospitalization is suggested to the
consumer, the consumer must decide whether the physician's 
recommendation falls within one of three cases: First,
the recommendation is in her interest (and her physician 
is a true altruist), second, it is jointly in her interest 
and the physician's interest, or third, it is merely in 
the physician's interest. If the consumer believes that 
either the first or the second is the case, and if the 
recommendation is her best alternative, then she will 
accept it. If she believes the third is the case, she



will reject the recommendation and she may terminate her 
relation with the physician. The physician is best able 
to exploit the situation and induce demand when the 
consumer opts to believe the first case. In this case, 
the physician may recommend hospitalization even if the 
third case is true without experiencing any penalty. The 
physician is least able to exploit the situation when the 
consumer is not able to discern when a recommendation is 
in her interest or in the physician's interest. Fear that 
a consumer may choose the third case, may provide an 
incentive to act solely in the consumer's interest - at 
least until that period of time the consumer believes the 
first case to be true.

Under the best of circumstances, the consumer would 
consider her health state and her information set on 
medical procedures relevant to her situation, then compare 
these with what her physician recommended and come to a 
decision. However, as noted already, hospital service is 
particularly difficult for the consumer to evaluate and 
its difficulty renders the consumer exploitable; hence, 
she may rely on proxy measures of value. While it is not 
unusual to consider price as a proxy measure for value, 
price may not be useful in this case.

First, an estimate of the full price for a hospital 
stay may be difficult to obtain prior to admission. Since 
hospital service associated with any particular stay has a



significant stochastic component, willingness of either 
the administrator or the physician to be specific about 
total cost will depend on their attitudes concerning the 
risk of miscalculating and the costs associated with such 
an act. For the most part, given the nature of medical 
care and its interaction with a person's health, they may 
be reluctant to project an expected bill due to the large 
amount of variation in bills, even within a specific 
diagnostic category.

Second, finding out about the cost experience of 
previous patients will give the consumer little insight 
into quality of service. A sample of total hospital bills 
and physician fees from past patients may reflect the 
medical and personal idiosyncrasies of the individual 
patients rather than the quality of medical services being 
offered jointly by a physician and a hospital. In 
addition, given the rate at which medical technology 
changes, it would be expensive for an individual to keep 
this type of information set current.

An alternative measure of quality of a proposed 
medical plan which includes admission into a hospital is 
for the potential patient not only hear about other people 
who have had a procedure, but also to hear that others

t

have waited for the opportunity to receive a procedure. 
After receiving a recommendation for a triple bypass 
operation, and not knowing whether this recommendation is



in a patient's interest or only in a physician's 
interest, hearing stories of people waiting to be admitted 
for this type of surgery may influence the consumers' 
attitude about the intention of the physician. With this 
information, a consumer has a larger likelihood of 
concluding that a physician does have her interest in mind 
in recommending a procedure. Thus, by generating excess 
demand in the current period, the physician is grooming 
demand for the future.

Though a majority of Americans have extensive 
health insurance, significantly reducing out-of-pocket 
costs for both hospital and physician services, there are 
many Americans who either do not have the same depth of 
coverage or have no coverage at all for their medical 
expenses. They may be willing to incur the time costs 
associated by hospital stay, but are eliminated from the 
market when money costs are added in estimating the cost 
of a stay. When price is less than the market clearing 
price then the physician does not just include those 
people who can afford to paid the hospital bills but 
includes patients she may choose according to some other 
objective. For instance, to the extent that the physician 
includes in her objective function such items as the level 
of challenge in her case load or medical-access equity, 
setting price below a market clearing price allows her to 
pursue such objectives.



Along the same lines, the excess demand may allow 
the physician to choose to service those patients which 
fit their 'risk-attitude' profile. A risk-averse 
physician may opt to select patients she estimates will 
deviate little from her prognosis, while a risk-loving 
physician may have a taste for patients which are expected 
to deviate substantially from the prognosis. Again, a 
price set below the equilibrium price allow the physician 
to accommodate her taste for risk.

In conclusion, it is possible to provide a 
rationale for physicians to prefer a market for the 
hospital services which is characterized by excess demand. 
However, for this to be the case persistently, the 
benefits associated with excess demand must be larger than 
the forgone income the physician is sacrificing when 
setting price below the market equilibrium price, 
otherwise, an equilibrium market would be preferred.

Two disclaimers must be made about the above 
scenario. First, the hospital market structure may have 
changed significantly with the introduction of diagnosis- 
related group reimbursement programs. Their entrance may 
have altered incentives and the distribution of control 
between administrators and physicians in the hospital 
sector. That is the primary reason why all future testing 
of the scenario will not include data beyond 1982. To do 
so would introduce the necessity to test whether or not



the structure of the hospital sector had changed after 
1982. (However, it should be noted that the design of the 
model's likelihood function is capable of estimating an 
excess demand and an excess supply.) Second, all 
characteristics of insurance have assumed to be exogenous. 
It is highly unlikely this is the case. For instance, the 
increase in the size of claims by the insured must have 
some effect on the premiums charged by insurers. The 
emergence of health maintenance organizations sponsored by 
insurance companies during the time period is an 
indication that the behavior of the insurance industry is 
influenced by and has influenced, the hospital sector.

As a result of the above theoretic, the market 
model design of Chapter 4 will include the following 
characteristics:

First, the observed quantity of hospital service 
will not be assumed to represent either quantity demanded 
or quantity supplied.

Second, the demand equation will include variables 
associated with both the consumer and the physician. In 
addition, the relevant price at time of illness will 
reflect the depth of hospital insurance coverage.

Third, the supply equation will include variables 
representing the interests of both physicians and hospital 
administrators. Instead of capital market variables, 
variables associated with philanthropy and government



grants will be included to capture their influence on 
expansion of hospital services.

Fourth, since the above scenario does exclude a 
probable dynamic relation between the coinsurance rate and 
hospital charges, two adjustment equations will be 
included in the model to pick up their effect on 
determining both supply and demanded.

One last note, a variable which has not entered the 
above scenario will be included in the hospital sector 
model. This variable is the vacancy rate, the number of 
empty beds relative to the number of available beds, (or, 
1-occupancy rate). The sole reason for including the 
vacancy rate is to measure the amount of excess demand in 
the hospital sector.



Chapter 4 
The Hospital Sector Model

The hospital sector model is designed to explain 
six endogenous variables simultaneously. Thus it is a 
structural model consisting of six equations. A highlight 
of the model is that it is constructed to test the 
possibility that the sector is in disequilibrium.' The 
objective of this chapter is to specify each equation 
taking into account the probable variables which explain 
their respective values.

The six equations are the following: One equation
represents the observed quantity of hospital care, a 
second the demand for hospital care and a third, the 
supply of hospital care. In all three equations, the 
annual number of admissions into inpatient care is treated 
as the quantity variable. In addition, there are two 
adjustment equations. One represents the adjustment in 
costs associated with a day of inpatient care and a second 
represents the adjustment in the coinsurance rate, the 
proportion of each dollar of hospital charges not financed 
by a third-party payer. The final equation of the model 
explains variation in the amount of excess demand or 
supply through movement in the hospital vacancy rate.

Five of the six equations are stochastic in nature. 
The exception is the equation for the observed quantity of



hospital service. This equation defines the observed 
quantity as the minimum of quantity demanded or quantity 
supplied; thus, it is treated as deterministic. The 
disturbance terms for each of the stochastic equations are 
assumed to be normally distributed with a zero mean and a 
constant variance. For purposes of estimation, all 
variables are expressed as natural logs. The exception is 
the time trend variable in Eq.2. The unit of observation 
is the state over the time period 1971 through 1982, that 
is, the study uses a pooled time series.

A fuller description of the model's disturbance 
terms and the actual derivation of a likelihood function 
will be the central topic of the following chapter. The 
remainder of this chapter will discuss the six equations 
in turn. A summary of expected values for all the 
coefficients in the model follows the text of the chapter 
(see Table 4.1).

Observed Quantity of Hospital Services
Economists' notion of equilibrium pertains to a 

market situation where the quantity demanded of a product 
is just equal to the quantity supplied. Implicit is the 
notion that the demand and supply schedules were derived 
under an assumption that the 'resulting price' is that 
which will clear the market (Hey, 1981). If a discrepancy 
exists between the quantities, it must be due to omitted



59
information and transaction costs. Once these omissions 
are recognized, voila, the market will clear to its 
neoclassical nirvana solution (Maddala, 1983). For such 
economists, design and estimation of a disequilibrium 
market model are superfluous. Disequilibriums are 
momentary, hence there is no need to understand the 
condition.

However, since Feldstein's 1971 article on the 
hospital sector, a number of economists have entertained 
the hypothesis that some medical markets may be 
characterized by persistent disequilibrium conditions 
(Green, 1978; Pauly, 1980; Hu and Yang, 1985; Cromwell and 
Mitchell, 1986).

This paper has already reasoned that physicians 
have sufficient control over demand and supply conditions 
to generate a market which is to their advantage. And 
they may have a preference for a market with excess demand 
for their services.

Since the intention is to develop a method to test 
this hypothesis, the quantity observed equation should 
neither presuppose a market clearing condition nor be 
restricted to the case of excess demand. Consequently, 
the model's equation merely requires the observed quantity 
to be the minimum of quantity demanded and quantity 
supplied:

(1) Qit = min (Dit,Sit)



Q tt represents the observed quantity of hospital services 
and is constructed as the aggregate number of admissions 
into a hospital per 1000 persons in the ith state during 
the year t. (All variables are observed by state over 
time, thus all variables are subscripted by 'it'.) D it 
represents the quantity demanded of hospital services and 
is constructed to measure the number of hospital 
admissions desired by 1000 persons. Sj.t represents the 
quantity supplied of hospital services and is constructed 
to measure the number of hospital admissions 
administrators and physicians desire to supply per 1000 
persons.

The consequence of this specification for quantity 
observed is that if Difc>Sj.t:/ then only Slc may be observed 
and there is excess demand. Conversely, if Si.t>D±c , then 
only Die may be observed and there is excess supply. 
Unfortunately, this introduces the problem of needing to 
know when = D it and when Q it; = Sit. If the sample's 
separation between the two possibilities is known, then 
the observations associated with Q±t = D±t can be treated 
as one regime while Qi.t = S±t can be treated as another. 
Not knowing this information not only results in at least 
one endogenous variable not being observed, but it is 
unknown which endogenous variable is unobserved.

In order to circumvent the separation problem, two 
strategies are used by researchers. They may introduce a



sorting rule into the model or they may attempt to find 
the probability of observing quantity demanded or quantity 
supplied.

Fair and Jaffee (197 2) in their seminal paper on 
the housing market included a rule which sorted the sample 
depending on the type of change that occurred with the 
local mortgage rate. Specifically, they hypothesized that 
a positive change in the mortgage rate was indicative of a 
market with excess demand and the observed quantity 
represented quantity supplied.

Closer to the hospital sector model, Cromwell and 
Mitchell (1986) use a quantity rule to sort their 
observations of surgeries. They found an average 
surgeon's workload to be 280 cases per annum and defined 
an area experiencing a shortage (excess demand) of 
surgeons if the workload was greater than 280 cases.

This paper rejects the 'rule' approach since, for 
instance, a positive increase in hospital charges could be 
explained as an adjustment to a decrease in the average 
coinsurance rate rather than as a response to persistent 
excess demand. Similarly, an area with a surgery caseload 
higher than the average may indicate a sicker population, 
lower fees, or better quality service rather than excess 
demand.

Instead this paper has adopted the second strategy. 
This path will require the derivation of a likelihood



function based on the joint conditional probabilities of 
the observed variables being associated with either 
quantity demanded or quantity supplied. The omission of a 
sorting rule results in the model being classified as an 
endogenous switching model. (See chapter 5 for a complete 
discussion of this issue and the derivation of the 
likelihood function.) It should be noted that Hu and Yang 
(1985) also used this approach in their analysis of the 
physician service market.

An alternative to Eq.l has been suggested by Jerry 
Green (1978) who hypothesized that the quantity observed 
of a product with rising costs (in his study, physician 
services; in this paper, hospital services) would fall 
somewhere between s±tt, the short-side of the market, and
Dir.:

(1)' Qic = Sit + (Dtt - Sit)b , where 0<b<l.
Green suggested that the significance of the second term 
in Eq.l' would depend on such factors as the degree of 
sensitivity physicians (and administrators) had to the 
'merit good1 aspect of medical services and their 
susceptibility to patient pressure to satisfy excess 
demand for their services.

The alternative expression for Qit; is rejected for 
three reasons: First, Eq.l' does not solve the problem of
at .least one endogenous variable not being observed.
Second, its configuration introduces more non-linearity to



an already complex model. Third and most important, Eq.l' 
restricts the market to one of either excess demand or 
equilibrium, disallowing the possibility that the sector 
could be characterized by excess supply.

Demand for Hospital Services
The derived demand for hospital services is 

determined by characteristics associated with hospitals, 
consumers and their physicians. The intention of the 
following demand for hospital services equation is to 
incorporate the relevant consumer theories outlined in 
Chapter 3 .

(2) Die. = So + aiNPie + SzTic + aaYit + a^PCPHYie
+ asOPHYie + asELDit + avEDie 
+ a e N W i t  + 3 g G i t  + S i o i e  + U z i c  

where D±t is the desired aggregate quantity of hospital 
services demand per 1000 individuals, NP±t is the relative 
net monetary price of hospital services at the time of 
illness, T±e is the time cost associated with an average 
stay in a hospital, Yie is the average total income per 
1000 individuals, PCPHYit is the number of primary care 
physicians per 1000 individuals, OPHY±t is the number of 
other physicians per 1000 individuals, OPHY±t is the 
number of other physicians per 1000 individuals, ELDit is 
the number of people 65 years and older per 1000 
individuals, EDit is the number of people with at least a



high school education per 1000 individuals, NWtr. is the 
number of non-white people per 1000 individuals, Glt is 
the number of women per 1000 individuals and finally, t is 
a time trend variable. Eq.2 depends solely on current 
period data. Since the data are annual, this is not an 
unusual specification for a demand equation.

Demand for hospital services is measured in terms 
of the total number of admissions desired per 1000 
individuals. As far as this study is concerned, quantity 
demanded is a desired and not necessarily observed 
variable. At best, during some years, in some states, the 
actual number of admissions used by consumers corresponds 
to the demand for admissions. However, in what periods 
and in what states this event occurs are unknown.

The relevant price to a consumer considering a 
typical stay in a hospital is comprised on direct hospital 
charges, physician fees, their respective coinsurance 
rates and the time costs associated with the stay. The 
money components and the time components are considered 
separately in the regression. The objective of this 
approach is to take into account the probable differing 
effects of the two components of price on demand.for 
hospital services.

The individual will take into account all monetary 
expenses whether presented by the hospital's billing 
department or the physician's secretary. To complicate



matters, the individual may be presented with bills from 
more than one physician; the physician who recommended the 
individual for a hospital-based procedure and the 
physician, often a surgeon or other specialist, who 
actually is providing the inpatient hospital service. 
However, when considering money costs of a hospital stay, 
the consumer will disregard as irrelevant in her decision 
any portion of hospital expenses which is paid by a third- 
party payer, generally, some type of insurer (Feldstein,
1971). By definition, the portion of each dollar of 
hospital expenses the individual must pay out of pocket is 
the 'coinsurance rate' (Feldstein and Friedman, 1977). 
Unfortunately, since there are three potential sources of 
hospital expenses, there are up to three relevant third- 
party payers, thus, three relevant coinsurance rates. As 
a result, ideally, the price of an admission into a 
hospital is the hospital charges for an average stay,less 
the portion of this covered by hospital insurance; the 
bill from the physician, less the portion of this covered 
by physician insurance, and the bill from any involved 
surgeon, less the portion of this covered by surgery 
insurance.

While information pertaining to the total number of 
people with various types of health insurance is available 
for the sample, no information is available on the average 
coinsurance rate nor on the utilization rate associated



with specific types of health insurance. In addition, the 
data cn the proportion of physician income associated with 
inpatient hospital services, or surgeons' aggregate 
income, is not available for more than an occasional 
observation point. As a result, the cost of hospital 
services is defined as the average hospital charge per 
inpatient day. Similar to a methodology used by Feldstein 
(1971), the coinsurance rate is constructed from the data 
on the proportion of a state's population in various 
insurance groups, their utilization rates for hospital 
service and their likely coinsurance rate. Taking all the 
data limitations into account, the relevant price to the 
consumer is NP±u = COINitPxt, where N P Xfc is the at-time- 
of-illness price per stay, COINXt is the average 
coinsurance rate and Pic is the average hospital charge 
per stay of inpatient service deflated by a state-specific 
consumer price index.

Any increases in the hospital coinsurance rate or 
hospital charges will be perceived as an increase in the 
cost of care facing the consumer at the time of illness 
and, thus, will have the tendency to decrease demand for 
hospital care, all other things being equal. As a result, 
coefficient ax in Eq.2 is expected to have a negative 
value. Since all equations in the model are expressed in 
log-linear form, the coefficients, including ax are 
elasticities. In the case of ax, it is the net hospital



charge elasticity of demand. The magnitude of at will 
indicate whether or not hospitals are considered a 
necessity by the public. A priori, it is not possible to 
hypothesize its magnitude. However, if hospital care when 
recommended was considered a necessity, then the 
coefficient would be less than one, indicating an 
insensitivity to changes in net hospital charges. On the 
other hand, if hospital care is perceived to be elective, 
then the magnitude ought to reflect a sensitivity to 
changes in net hospital charges and it should be larger 
than one in value (Feldstein, 1971). The reality is that 
hospital care is not a homogeneous product. Some 
procedures will be perceived as necessities, and others 
will not. However, since the data is aggregated over an 
entire state's population, the net classification is 
impossible to predict.

Even if the estimated value of aT is less than one, 
it may not indicate that hospital service is a necessity. 
Studies using cross-sectional data have found a large 
variation in price elasticities, the implication being 
that most hospital services cannot be categorized 
definitively as necessary or not. One state's necessary 
admission seems to be.another state's elective admission 
(Cromwell and Mitchell, 1986). This variation may 
indicate that populations within different states have 
different attitudes toward health and health intervention.



Ideally, the time cost component, Ti fc of the 
relevant price for hospital service would be the sum of 
time costs associated with the average stay in the 
hospital and time costs associated with pre- and post­
hospital stay physician visits. To be more precise, time 
costs associated with waiting to see a physician, time 
spent conferring with the physician, and travel time to 
and from the physician ought to be included.
Unfortunately, due to the limits of available information, 
time costs will include only direct time costs associated 
with the average stay in a hospital, S±t.

Data limitations also affect the evaluation of the 
average time spent in a hospital. For this study, time 
v/ill be evaluated at the state-specific average real wage 
rate, W ifc. Since the total population can be divided 
between employed and non-employed, using the wage rate as 
a measure of the marginal value of time is incorrect. 
Ideally, time should be evaluated as a weighted average 
based on the average opportunity cost associated with both 
groups. A further consideration is the fact that the non­
employed are not a homogenous group. Furthermore, no 
already-computed statistic representing the value of time 
for the non-employed group exists. Therefore, measures 
for the various components of the non-employed would have 
to be found. Some suggested time values for sub-groups of 
the non-employed are the following: The household



technician wage rate could be used to evaluate the 
opportunity cost of time for people who opt to work solely 
as homemakers. The 'post-career' wage rate could be used 
to evaluate time for people who have retired from the 
workforce. Obtaining such estimates for a sample of 
states over time would be very difficult; hence, the 
simple wage rate is assumed to be the relevant opportunity 
cost of time for all members of the population.

In summary, the value of an average hospital stay 
is computed as the average length of stay, Sic, evaluated 
at the average daily wage, Wtc: = Wi.t*Sic.

An increase in time costs will impact on the demand 
for hospital care in a complex fashion. If the increase 
is a result of an increase in the necessary time spent as 
an inpatient per admission, then the effect on quantity 
demanded is an unambiguous decrease. Similarly, if the 
increase in time costs is a result of an increase in the 
wage rate then there will be an incentive for quantity 
demanded to decline. Some of the decrease is a pure shift 
in allocation of time, while some portion of the decrease 
is due to substitution toward less time intensive medical 
procedures. On the other hand, the same increase in the 
wage rate, since it simultaneously increases the value of 
the individual's health stock, may induce an increase in 
utilization of hospital procedures which improve 
productivity (Grossman, 1972). These contradictory



impulses make it difficult to hypothesize a value for 
coefficient, a2, the measure of net responsiveness of 
demand for hospital services to changes in time costs.

Due to the pervasiveness and dept of third-party 
payers of hospital expenses, it has been conjectured that 
the monetary costs at time-of-illness will have less 
effect than the time costs on the consumer's decision to 
enter the hospital. If this is the case, then the 
responsiveness of demand to time costs, a2, will have a 
larger magnitude than the responsiveness of demand to 
monetary costs, ai.

Obviously, income, Yic, measured as average total 
income, will impact on the demand for hospital services. 
Because average total income is a composite of earned and 
unearned income, the relation between income and demand 
for hospital services is multidimensional. Unearned 
income has an unambiguous positive impact on the demand 
for hospital service. As unearned income increases, 
demand for 'good health' increases, resulting in an 
increase in demand for all inputs in the production of 
'good health' including the demand for hospital services. 
However, the consequences associated with an increase in 
earned income with respect to the demand for hospital 
services are complex. If earned income is considered to 
be a proxy measure of labor market efficiency, or the 
return to time spent in the labor market by an individual,



an increase in earned income should act as an incentive to 
increase the optimal number of hours in the labor market. 
While this may be achieved by reducing the number of 
leisure hours, it can also be achieved by increasing the 
number of 'healthy hours,' - the number of hours available 
for either quality leisure activities or quality 
employment activity - reducing the number of 'sick days'. 
To acquire these extra 'healthy days,' the individual may 
employ hospital services in their production (Grossman,
1972).

In addition, higher earned income levels are 
positively correlated with better insurance coverage. 
People with higher incomes and their correspondingly 
better insurance coverage will pay a smaller portion of 
each dollar of hospital service expenses than their poorer 
counterpart (Newhouse, 1978). Regardless of whether it is 
due to an increase in labor efficiency or an improved 
hospital insurance policy, an increase in earned income 
will tend to increase the demand for hospital services.

If these were the sole dynamics between earned 
income and the demand for hospital service, the total 
effect of income, as measured by coefficient a3 , would 
have a positive expected value. However, it is not. An 
increase in earned income will also result in an increase 
in time costs associated with hospital services. As a 
consequence of the earned income effect on time costs,



some individuals will substitute toward methods of 
producing 'healthy days' which do not utilize as many 
time-intensive hospital services. Whether or not the 
combined positive effects outweigh the one negative 
tendency of income on the demand for hospital service is 
still to be seen.

The variable, number of primary care physicians per 
1000 people, PCPHYic, is used in Eq.2 as a measure of the 
influence of a substitute input into the production of 
'good health' by the individual. Primary care physicians 
include general practitioners, family practitioners and 
internists. The availability of primary care physicians 
to the public may influence their decision to employ 
hospital-based techniques in producing 'good health'. 
Assuming a primary care physician is more likely to 
recommend non-hospital procedures in prescribing medical 
care than the specialists who do most of their work in 
hospitals, an increase in the availability of primary care 
physicians should result in a decrease in the demand for 
hospital care. This substitution will be prevalent in 
situations where there are more than one method of 
treating a medical problem, hence the coefficient, a*, has 
a hypothesized negative value. It should be noted, 
however, that this effect will be reduced for states where 
it is common for primary care physicians to have hospital 
privileges or in states where the majority of hospitals



have an 'open-staff' policy, a policy of allowing staff 
privileges to arty licensed physician. Both practices are 
observed more frequently in states with large rural 
populations and in states with low surgeon per population 
ratios (Cromwell and Mitchell, 1986).

A measure for the degree of control physicians have 
over demand for hospital services is the number of other 
physicians per 1000 persons, OPHYi.t. A positive value for 
coefficient, a5, is hypothesized to indicate that 
physicians do, indeed, induce demand, or shift the demand 
schedule in their favor (Reinhardt, 1978). Specifically, 
the coefficient is measuring the responsiveness of changes 
in the demand for hospital services to a percentage change 
in physician fees.

As already discussed in an earlier section, 
physicians, like any economic agent, desire to maximize 
some objective function, in this case, their returns from 
their professional activities. What distinguishes them 
from other suppliers in their quest to maximize their own 
functions is their influence over consumers in demand 
decisions. Consumers of medical services rely on the 
recommendations of physicians since they are unable either 
to assess their own health status, or health care, or even 
access, without permission of a physician, many types of 
medical products, especially hospital services. The 
consequence is that physicians will recommend procedures



which take into account their own income levels.. For
instance, "where...[they] might have advocated no

treatment for silent gallstones, [they] now 
recommend a cholecystectomy. Rather than 
suggesting drug therapy for menstrual 
irregularities, [they] propose a hysterectomy. 
Similarly, the [physicians] now recommend coronary 
artery bypass graft surgery for patients with sever 
angina, then previously [they] would have treated 
such cases medically" (Cromwell and Mitchell, 1980.

While the positive impact on their income is the
motivation, the opportunity for physicians to engage in
this type of behavior is provided through an ability to
induce consumers to follow their recommendations.

Obviously, there are limits to physicians' ability
to engage in this type of activity. First, consumers do
'shop’ around for physicians. And, if a physician's
recommendation appears outside of the consumer's
expectations of medical care for a particular ailment, a
consumer may choose to bring her business elsewhere.
Second, not all hospital procedures are presented to the
consumer as being 'emergency,' but 'elective.' And,
elective hospitalization is just that, elective.
Consumers have the perception that even the most routine
hospital procedures have risk, the source of which ranges
from receiving anesthesia to being confined with sick
people. This risk will discourage some from accepting a
physician's recommendation for hospitalization. Moreover,
physicians' own conscience will limit the degree to which
they consider their own income levels in their



recommendations. Hence, while the coefficient is expected 
to be positive and significant, it is not without bound.

Sociodemographic variables, {the number of elderly 
people per 1000 individuals, ELDifc, the number of people 
with at least a high school education per 1000 
individuals, ED±C, the number of non-whites per 1000 
individuals,'NWi.t, the number of women per 1000 
individuals, Git), are included to capture the effects of 
tastes on the demand for hospital services.

Despite an increase in mortality rates associated 
with a stay in the hospital with an increase in age, an 
increase in age will result in an increase in demand for 
hospital services. As people age, the rate at which the 
health stock depreciates is hypothesized to increase, 
moving the health stock toward the minimum level required 
for life at an ever-increasing rate (Grossman, 1972). As 
this occurs, methods of slowing this movement and keeping 
health stock above a minimum become more likely to require 
non-elective hospitalization. Hence, ELD^'s coefficient, 
a6 , is expected to indicate a positive response to an 
increase in the proportion of elderly in a population. If 
hospital stays could be sorted by elective stays versus 
non-elective stays, an increase in this proportion of 
elderly in the population would result in a decrease in 
elective stays and an increase in non-elective stays.
But, unfortunately, the data are much too aggregated for
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this.

Like income, education can influence demand for 
hospital services in contrary ways. On one hand, an 
increase in a person's education level will increase the 
demand for all medical services since this person is more 
knowledgeable of the relation between health stock 
production and medical services. On the other hand, a 
more educated person will be more efficient in combining 
all inputs in the production of health stock, hence, for 
any given health stock level, this person will require 
less of all inputs, including the hospital service inputs 
(Grossman, 1972). In the same vein, as education levels 
of consumers increase, physicians, knowing their patients 
are now less likely to need their services as an agent, 
will be less likely to attempt to induce demand to improve 
their own wealth when advising patients. As a result of 
all the dynamics associated with education, the most that 
can be asserted about the net effect of an increase in the 
proportion of educated people in a population is that it 
may have some significant effect.

Evidence indicate that a white person is likely to 
consume more medical services than a non-white person. 
However, much of the difference in utilization is 
eliminated once income and education levels are introduced 
as an explanation in the regression (Cromwell and 
Mitchell, 1986). In fact, once income and education



variables are introduced in an equation for the demand for 
medical services, the coefficient measuring its response 
to changes in the numbers of non-white people is 
hypothesized to be positive in value. One reason is that 
it is likely that the quality or productivity of medical 
services available to non-white people is less than those 
available to white people. Consequently, non-white people 
would require a larger quantity of medical services for 
each unit of 'good health1 produced. A second reason may 
be that non-white people may systematically find 
themselves living in communities or employed in
occupations which expose them to more health hazards than
white people, thus increasing their need for medical 
services. Since both scenarios imply that a larger
proportion of non-white people would require more use of
all types of health services including hospital services, 
coefficient, aa, is expected to be positive.

Empirically, it has been found that, even excluding 
hospital stays associated with obstetric procedures, women 
demand more hospital services than men. Therefore, a 
gender variable, G it, measured as the proportion of women 
in a population, is included in Eq.2 to measure the effect 
of variation in this ratio on the demand for hospital 
services. The expected sign of its coefficient, a9 , is 
positive.

Cromwell and Mitchell (1983) suggested that the



proportion of women within a state is likely to be similar 
across states and time. If this is the case, there will 
be no significant variation in a gender variable. Demand 
by women would determine a level of demand but would not 
contribute to an explanation of variation in demand for 
hospital service across states and time. If this proves 
to be the case, to save on degrees of freedom, the gender 
variable will not be included in Eq.2.

Finally, the time trend variable, t, is not 
included to capture population effects on the demand for 
hospital services. By expressing variables in terms of 
units per 1000 persons in a state, population changes will 
not be a determinant of demand. Instead, the time trend 
variable is a crude attempt to measure the effect of 
quality changes in hospital service on demand. Obviously, 
a day of care in 1970 is a very different product from a 
day of care in 1982. While time trend's coefficient, aTO, 
is a measure of the average effect of technological change 
on demand, a priori, it is difficult to guess whether or 
not its value will be positive or negative.

A medical breakthrough, hypothetically, can 
generate two possible reactions with respect to admissions 
into a hospital. Some new procedures will induce people 
to consumer more hospital service. Such people are those 
who had lived with a negative medical condition who now 
believe that the improved service is worth the cost of a



hospital stay. For example, the introduction of joint 
implants has provided incentive for many people who lived 
with chronic, debilitating joint conditions to enter a 
hospital. On the other hand, other medical breakthroughs 
have freed people from the necessity of using hospital 
services. New procedures which utilize medication or 
outpatient facilities, or involve a one-time admission 
into inpatient service, will reduce the total number of 
hospital admissions. Such an example is the invention of 
long-term IV access equipment such as the Hickman catheter 
or the portacath. Such equipment allow people who require 
drugs introduced to their systems through IVs to leave the 
hospital and receive their treatment at home or on an 
outpatient bases.

It should be noted that possible quality changes 
between states will be ignored. A weak argument for this 
omission is an assumption that information about state-of- 
the-art medical technology moves quickly among the states. 
But it is acknowledged that this is a weak assumption; 
while the flow of information about technology may be 
quick, implementation of new technology is not identical 
among states. Optimally, changes in quality of care as 
perceived by the consumer might be measured by quantifying 
how successful people expect a hospital procedure will be 
in achieving some health objective. Changes in quality 
then could be measured in terms of changes in prognosis.



Unfortunately, when a study involves a pooled time-series, 
it is impossible to quantify this dimension of hospital 
services.

Other researchers have equated changes in the 
number of hospital employees per bed (Feldstein, 1977) or 
the number of CAT scans per state to quality differences 
and have included such variables in demand for hospital 
service equations. While the supply equation (Eq.3) does 
include the number of employees per bed, it is for a 
different reason.

The Supply Equation
The joint behavior of physicians and administrators 

with respect to the provision of hospital service will 
result in the following supply for hospital service 
equation:

(3) Sa.c = bo + bxPit bijVit + baLXic + b-alOXit 
+ b5DON±t + bfiGGic + b?INTie + U3it 

where Sifc is the desired total supply quantity per 1000 
individuals, Pit is the hospital charge per average stay, 
Vit is the vacancy rate, LX±t is total labor expense 
associated with a hospital stay, OIXit is all other input 
expense associated with an average hospital stay, DONit is 
total private donations, GGtc is total amount of federal 
grants to hospitals and lNTifc is an interest rate.

similar to the demand equation, quantity supplied



is a desired, not necessarily observed variable. Its 
measure represents the number of admissions physicians and 
administrators desire to make available per 1 0 0 0  

individuals.
As espoused in Chapter 3 , physicians and 

administrators jointly determine a supply of hospital 
services. Administrators 'run' the day-to-day operations 
of a hospital. They appear to be the agent which decides 
the mix of non-physician inputs in the production of 
hospital services. However, administrators could not 
offer any service beyond that of a hotel without the added 
service of physicians. Physicians may perceive hospital 
services as a 'free' input into the production of their 
services and thus, have an incentive to replace medical 
procedures they provide with medical procedures hospitals 
provide.

Both supply-side agents are responsive in their 
decision-making to changes in hospital charges. 
Administrators, translating an increase in hospital 
charges into an increase in revenue, and interested in the 
objective of covering average cost per stay, have 
contradictory responses. On the one hand, they have an 
incentive to allow a larger number of admissions per 
period. But, a concurrent tendency due to a larger charge 
may encourage administrators to provide more services per 
admission. Newhouse (1970) hypothesizes that 'hospitals'



(he does not differentiate between types of supply-side
*

agents), have a quality bias. Feldstein (1977) suggests 
this bias is a result of administrators giving into 
physirians' pressure for higher quality service when 
average revenues are rising. Whatever the reason, as long 
as the cost of providing a more sophisticated product is 
not sufficient to offset the impulse to increase 
admissions, an increase in hospital revenue per stay will 
encourage administrators to endorse an increase in 
admissions.

Physicians also have contradictory reactions to a 
potential increase in hospital charges. An increase in 
hospital charges may be perceived as a signal from 
hospitals that they will provide more services per 
admission. Physicians may interpret the increase as an 
opportunity to expand and diversify their practice. If 
this is the case, then physicians would advocate more 
admissions if for no other reason than to allow them to 
service their existing practice. On the other hand, if 
they perceive the increase in charges as a reallocation of 
total money expenditures on medical treatment which 
utilize hospital services, physicians may attempt to base 
their recommendations on procedures involving less 
hospital service. If this is the case, then physicians 
would not endorse the need for more admissions per period.

Despite some contrary forces, the probable net
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effect of a change in hospital charges on desired 
available supply of'hospital service, captured in 
coefficient, bi, is hypothesised to be positive.

The vacancy rate, ViC, is included in Eq.3 to 
measure the response in admissions to variation in the 
vacancy rate, a proxy measure of demand tension, or lack 
of it, as the case may be, in the hospital service market 
and its subsequent effect on hospital admissions. Another 
response to variation in the vacancy rate, a response 
which is discussed below, is its effect on hospital 
charges. It will be interesting to see whether a change 
in the vacancy rate results in a greater variation in 
admissions or in hospital charges.

Even though the vacancy rate is a measure of empty 
beds or seemingly excess supply of hospital services, it 
is, in fact, an operational feature of hospitals not to 
operate at 100 percent capacity. One function of 
hospitals is to meet emergency demand for medical 
services. Emergency demand is demand that if not met 
would result in death or a considerable reduction in the 
well-being of a consumer. As a result, some hospital beds 
remain empty to enable the hospital to meet emergency 
demand. A second function is to provide a wide variety of 
specific hospital services. Within a hospital facility, 
there are many types of hospital 'beds' and these 'beds' 
are not perfect substitutes. This non-substitution of



beds may either a technical constraint, or, in some 
circumstances, a legal constraint. Demand for a specific 
service has some variation, hospitals operate at less than 
full capacity to accommodate the variation in demand for 
specific hospital services.

In each period there is some desired vacancy rate, 
V t r.~, which is exogenously determined in this model.
Also, m  each period there is an actual vacancy rate, Vlt. 
This may be greater than, equal to, or less than the 
desired vacancy rate. In periods where the desired 
vacancy rate is greater than the actual vacancy rate, 
physicians and hospital administrators perceive excess 
demand for hospital services and they may react by 
adopting a more liberal admissions policy. Similarly, in 
periods where the desired vacancy rate is less than the 
actual vacancy rate, physicians and hospital 
administrators perceive, now, excess supply for hospital 
services and they may react by making it more difficult to 
be admitted to a hospital.

In reality, the desired vacancy rate is not known, 
therefore, the difference between it and the actual 
vacancy rate as a measure of excess demand cannot be 
computed. Clearly, the information on the number of empty 
beds relative to the total supply of beds is merely the 
actual ratio. So, it is included as some type of proxy 
measure of excess demand in Eq.3. Its coefficient, b a, is



hypothesized to have a positive value. This is not 
unreasonable. Not only do researchers face a data 
constraint with respect to measuring the excess demand for 
hospital services, but physicians and hospital 
administrators have no accurate measure of excess demand. 
They, like the researcher, have the published vacancy rate 
and it is worth their while to interpret this statistic 
much the way it has been suggested above.

Both total labor expense per stay, LXLt, and other 
input expense per stay, OIXic, measure the effects of 
variation in input costs on admission plans. Therefore, 
they will be treated together. On one hand, an increase 
in input costs associated with a day of care should result 
in a decrease in desired admissions. But, in the 
construction of either variable, quality of service is not 
held constant. An increase in labor expense could reflect 
better medically-trained personnel. Likewise, an increase 
in other expenses can reflect an improvement in medical 
technology. While administrators may remain neutral to 
such improvement, depending on the nature of the 
technological improvement, physicians may react 
prescribing more or less admissions. Again, due to 
contradictory responses to changes in a variable, the 
coefficients, in this case, b 3 and b*, are indeterminable. 
However, if it is assumed that administrators are not 
concerned with medical improvements and, if either of the



coefficients is positive, then it may be concluded that 
cost changes were a result of medical advances and 
physicians were sensitive to such improved hospital 
services.

The final three variables, the state-specific debt 
interest rate, INTj.c, the dollar amount of philanthropic 
funds, DOMit, and government grants to hospitals, GG±t, 
all are variables which help determine the expansion of 
physical stock associated with the hospital sector. An 
increase in physical stock can either be in the form of 
more beds or in a change in the number and/or scope of 
medical equipment located in hospitals. An increase in 
the number of beds or quantity of medical equipment will 
result in an increase in admissions per period. As in the
previous case, a change in the scope of medical equipment
has an ambiguous effect on admissions.

Since both private donations and government grants
are 'free funds,' an increase in their availability will 
result in an increase in the number of beds, and 
consequently, admissions. As a result, the expected 
values for coefficients, b s and b 6, are positive. The 
interest rate associated with debt is, obviously a price. 
Any increase in it will induce a decrease in the growth of 
the bed stock and admissions. Hence, the expected value 
for b-/ is negative.



Adjustment Equations
Included in the model are two adjustment equations. 

One represents adjustment in hospital charges, the average 
charge for a hospital stay deflated by a state-specific 
consumer price index (Pit), and a second represents 
adjustments in the coinsurance rate, the ratio of total 
direct consumer hospital expenditures to total hospital 
expenditures (C O I N ^ t ) .  Not included is an adjustment 
equation for net hospital charges, the cost to the 
consumer at time of illness. Tfie rationale for this 
omission is obvious: Since consumers' cost is a construct
of hospital charges and the coinsurance rate, if movements 
in its components are explained then movement in it will 
be explained.

To emphasize their dynamic relationship, the two 
adjustment equations, are considered together. An increase 
in hospital charges, or, maybe news of hospital technology 
advances, will be perceived by consumers as an increase in 
expenditure risk associated with any stay in a hospital.
In order to reduce new risk, consumers will attempt to 
improve their hospital insurance coverage. The 
consequence will be a decrease in the average coinsurance 
rate. Depending on the extent of the improved insurance 
coverage, there will be some type of change in the 
relative price of hospital service. If the improved 
coinsurance rate results in a relative price decrease or



no change, consumers will either increase their 
utilization of hospital service or have no change in their 
use. Hospitals will be able to increase their daily 
charge. In the short-run, with constant average costs, 
hospitals will experience an increase in their per-unit 
returns. The higher return per unit of service will 
encourage physicians to press for a more sophisticated 
hospital service product, and for hospital administrators 
to give in to physician pressure for this change. This 
adjustment only justifies a further round of increases in 
hospital charges (Feldstein, 1973).

The story becomes even more complex when tax 
incentives associated with health insurance are introduced 
into the dynamics. Before 1983, the United States tax 
structure allowed both employers and employees to deduct 
health insurance premium payments form taxable income 
(Vogel, 1980). Thus, in periods of inflation, the 
potential of moving into higher tax brackets without a 
corresponding increase in real income will encourage 
employees to bargain for increases in their wage basket in 
the form of improved health insurance coverage, and since 
employers are able to deduct their premium payments form 
their income, employers readily agree to such a bargain 
(Feldstein and Friedman, 1977). A similar incentive 
exists in the market for individual health insurance 
policies. Regardless of whether people are considering a



group or a private insurance- policy, an increase in the 
inflation rate will result in a decrease in the 
coinsurance rate, thus in the effective cost of hospital 
service to the consumer at time of illness.

As a consequence of the above dynamic relation, the 
following tow adjustment equation are included in the 
model:

(4) Pit “ Co C i ( COIN*. COIN i n— i ) + CjPit-i +
Ca Vi. e + U* i e

(5) C O I N i c = do + d l ( P i t - P i C -i) + d a C O I N i K - l + d 3 Y ± t

+ d^PIit +d5TMic + Uait 
If the above analysis proves to be correct, C0lNtc will 
have a negative effect on hospital charges (cx<0) in Eq.4, 
while Pit will have a positive effect on the coinsurance 
rate (dx>0) in Eq.5.

Note that each of the adjustment equations includes 
other variables which may affect the levels of hospital 
charges or the coinsurance rate. The hospital charge 
variable is affected not only by the interaction it has 
with the coinsurance rate but by its own lagged value, 
P±u-x, and a measure of excess demand, the vacancy rater, 
Vit. similarly, the coinsurance rate is influenced, not 
only by changes in hospital charges but by its won lagged 
value, COINit-x, the price for hospital insurance, Plit, 
and the marginal tax rate, TMi_fc.

Focusing on Eq.4, hospital charges' own lagged



value is included as a variable in the determination of 
hospital charges to allow for the possibility that 
adjustment of hospital charges is sluggish. While this is 
improbable, if it were to be the case, then Plt.i's 
coefficient, ca, will be positive in value.

Another variable included in Eq.4, the equation 
explaining hospital charges, is the vacancy rate,the ratio 
of empty beds to the total number of beds available for 
inpatient hospital services. As in Eq.3, it is included 
to pick up the demand tension, or lack of it in the 
hospital service market and its subsequent effect on 
hospital charges.

In each period, the actual vacancy rate may be 
greater than, equal to, or less than the desired vacancy 
rate. In periods where the desired vacancy rate is 
greater than the actual vacancy rate, physicians and 
hospital administrators perceive excess demand for 
hospital services and they may react by raising hospital 
charges, similarly, in periods where the desired vacancy 
rate is less than the actual vacancy rate, physicians and 
hospital administrators perceive, now, excess supply for 
hospital services and they may react by decreasing 
hospital charges. The difference between the two rates 
ought to have a positive impact on hospital charges. Even 
though only the actual vacancy rate appears in Eq.4, its' 
coefficient, c3f is hypothesized to have a negative value.



As mentioned above, the coinsurance rate, Eq.5, 
besides being a function of a dynamic relationship between 
itself and hospital charges, is explained by movements in 
its own lagged values and factors related to the demand 
for hospital insurance.

The effect of its own lagged value on its current 
value is a measure of the effect of habit. People with 
individual insurance policies are not likely to 
renegotiate their optimal insurance level from period to 
period. For one reason, it is too costly to undertake 
this transaction. Moreover, the extent of insurance 
coverage is a function of convention. Once a person gets 
used to a certain level of insurance expenditure and its 
subsequent effect on his or her health maintenance, this 
person is not likely to make large annual adjustments. 
Finally, the coinsurance rate is largely determined by 
membership in groups, especially employment groups and age 
groups, insurers can offer policies more cheaply to 
groups since such policies avoid the costs association 
with adverse selection and moral hazard (Pauly, 1986). In
addition, insurers will .pass along some of the savings due
to economies associated with managing a large group of
people. But there are more significant attachments a 
person may have to a group than access to health 
insurance. If a person stays a member of the same group, 
from one period to the next, she is likely to purchase a



similar level of insurance as a matter of course.
And, since the coinsurance rate is the 

characteristic representing the depth of insurance 
coverage, all the reasons for inertia in the movement of 
insurance will be reflected by sluggish movement in the 
coinsurance rate. As a result, the coefficient, d2, is 
expected to be large and positive.

As noted earlier, some common demand-for-insurance 
variables are included in the coinsurance rate equation. 
These variables are, specifically, real income, price of 
insurance and the marginal tax rate.

Obviously, if insurance is a normal good, an 
increase in real income ought to increase the demand for 
insurance. This change translates into the consumer 
paying a smaller fraction of each dollar of hospital 
expenditures, or the coinsurance rate will decline. If 
this is the case, then coefficient, d3 , will be negative. 
As any good, the magnitude will determine whether or not 
hospital insurance can, indeed, be categorized as a normal 
good.

The price of health insurance, the ratio of 
premiums paid to expected benefits, will influence the 
demand for insurance. If premiums paid relative to 
expected benefits increase, the cost of insurance is 
perceived to have increased, resulting in an increase, in 
the coinsurance rate. Hence, the coefficient, d*, is



expected to be positive.
Because of the United states tax codes, which 

exempted from both personal income and corporate income a 
large part of health insurance premium payments, any 
increase m t  he marginal tax rate will be interpreted as a 
reason to increase expenditures on health insurance, 
reflected by a decrease in the coinsurance rate. 
Subsequently, ds, a measure of the responsiveness of the 
coinsurance rate to a change in the marginal tax rate, is 

s expected to be negative.
It should be noted that since the coinsurance rate 

is constructed as a weighted average of coinsurance rates 
associated with various groups within the population which 
are likely to have different insurance depth, factors 
which are likely to change the distribution of people 
between these groups such as the unemployment rate and 
changes in age groups or portion of a state's population 
with Medicaid, are omitted as regressors. This is an 
unfortunate consequence of the method used in constructing 
the coinsurance rate variable. If a better measure of the 
coinsurance rate were available then these variables would 
be expected to have a behavioral effect on the coinsurance 
rate and, therefore, would be included in the equation.

In both adjustment equations, the particular lag 
structure is a result of experimentation rather than 
theory. Since theory will provide little insight into



speed of adjustment and patterns of lags, rather than 
relying on it, the final version for both equations will 
be the result of 'fitting' the data best.

Vacancy and Queue Rates Relationship
The derivation of the final equation, one which 

estimates excess demand for hospital services as a 
function of the vacancy rate, borrows a technique used by 
Rosen and Quandt (1987) in estimating excess labor supply 
as a function of the official unemployment rate. An AHA- 
published statistic is the vacancy rate, V it. It does not 
indicate a vacancy rate which is optimal for the operation 
of a hospital needing space for emergencies and variation 
in hospital services, but reports the actual vacancy rate. 
An unknown statistic associated with the hospital service 
market is the queue rate. Uic. If desired quantity 
demanded is defined as Dj.c = Qie (1 +Ui.t) , and desired 
quantity supplied is defined as Sit = Qit(1+Vic), then the 
ratio of desired demand to desired supply is the 
following:

(1)' D±t/Sic = (l+UiO/dVi.O
When logarithms are taken of (1) 1 , then the equation 
becomes:

(2)' InDit - lnSit = ln( 1+Ui.t) - ln(l+Vit)
If Uit and Vit are fairly small, the right hand of Eq.2' 
can be expanded around zero, resulting in the following



Taylor approximation equation:
(3)' lnDj.t - lnstt = uit - Vit

Needless to say, there is no data on the queue rate 
associated with hospital services. However if the queue 
rate is assumed to be a stable function of the vacancy 
rate, no bigger an assumption than the labor market's 
vacancy rate being a stable function of the official 
unemployment rate, an assumption used by Rosen and Quandt, 
then it is possible to assume some specific hyperbolic 
form such as:

(4)' utt = K/V±t
where K is a parameter. Eq.4' implies there is a constant 
response by the queue rate to changes in the vacancy rate. 
While the response may or may not be constant in reality, 
it is reasonable to believe there is some systematic 
relation between the vacancy rate and the queue rate. As 
the vacancy rate decreases, physicians and hospital 
administrators probably become more selective in their 
admissions policy, resulting in an increase in the queue 
rate. Likewise, as the vacancy rate increases, physicians 
and hospital administrators become less selective in their 
admissions policy, resulting in a decrease in the queue 
rate. To ignore these admission changes would adversely 
affect income levels for the physicians and revenue levels 
for the hospital administrators.

Substituting Eq.4' into Eq.3* gives the model its



final equation:
(6) D ± t_S±t = K/V±t - V it + USit 

Note, the objective of Eq .6 is to exploit information 
contained in the published vacancy rate in estimating 
excess demand for hospital services. Put differently, its 
objective is to measure excess demand using a reported 
statistic. Given that this measure depends on a number of 
heroic assumptions, Eq .6 must be treated as a stochastic 
equation rather than an identity (Rosen and Quandt, 1986). 
The estimated value of the parameter should provide a clue 
to whether the market is characterized by excess demand or 
not. If K is positive then the market on average is 
experiencing excess demand for hospital services.

A final word on the vacancy rate: It was mentioned
earlier that the actual vacancy rate is not necessarily an 
optimal one. However, it appears that the vacancy rate 
does not vary significantly from year to year for a 
specific state. This is despite the increase in the 
average number of hospital beds. Therefore, it is 
reasonable to assume there is not much difference between 
the actual vacancy rate and the optimal one.



Table 4.1 
Summary of Expected 
Coefficient Values

Coefficient 
a x
52
53 
a*
Ss
^6
S.7

Ha
H9
3io
bx
b2

ba
b*
b5

b«
b 7

Ci

c2
Ci

dx
da
d3

Definition
dlnD/dlnNP
dlnD/dlnT
dlnD/dlnY
dlnD/dlnPCPHY
dlnD/dlnOPHY
dlnD/dlnELD
dlnD/dlnED
dlnD/dlnNW
dlnD/dlnG
dlnD/dt
dlnS/dlnP
dlnS/dlnV
dlnS/dlnLX
dlns/dlniox
dlnS/dlnDON
dlns/dlnGG
dlnS/dlnlNT
dlnP/dln COIN
dlnP/dlnPt-x
dlnP/dlnV
dlnCOIN/dln P
dlnCOlN/dlnCOINt-x
dlnCOlN/dlnY .

Expected Value 
Negative1 

Ambiguous2 

Ambiguous 
Negative 
Positive3 
Positive 
Ambiguous 
Positive 
Positive* 
Ambiguous 
Positive® 
Positive 
Ambiguous® 
Ambiguouss 
Positive 
Positive 
Negative 
Negative 
Positive 
Negative7 

Negative 
Positive 
Positive
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Coefficient Definition Expected Value

dlnCOIN/dlnPl Positive
dlnCOIN/dlnTM Negative
dln(D-S)/dlnV Negative®

Notes
1. 
2 .

O
•J •

4.

5.

6 . 

7 .

If | a a. I < 1, then hospital admissions may be necessities.
If Ia2 |> |ax |, then time costs will appear to have-more 
importance in the decision to be admitted into a 
hospital than money costs.
A positive value for a5, while not conclusive evidence 
of physician induced demand, it would open up the 
possibility.
If variation in the proportion of women residing in a 
state is small, the variable, G, will not be included 
in estimation of the model.
While an increase in hospital charges should induce a 
more liberal admissions policy, there is some tendency 
toward quality.
If quality were held constant, then b 3 and b* would be 
unambiguously negative.
A correct sign would significantly aid in the argument 
of an excess demand for hospital services.

8. A negative value for ex is key in the argument the 
hospital sector is characterized by excess demand.



Chapter 5
Derivation of the Likelihood Function 

and Other Issues

Three issues must be resolved prior to the 
estimation of the parameters in the above system of 
equations. First, the model is suggesting the endogenous 
variables switch between two possible states of nature, 
one where there is excess demand and the other where there 
is excess supply, and when the switching occurs is 
unknown. This necessitates an estimation method which 
incorporates the probabilities of either state occurring. 
Second, since the model is a system of non-linear 
equations whose parameters are to be estimated 
simultaneously, necessary and sufficient conditions for 
identification of a non-linear system must be considered. 
Along with this, it is essential to determine the most 
appropriate method of estimating such models. Two 
possible, estimation methods, full-information maximum 
likelihood and two-stage maximum likelihood, are 
considered in turn. And, finally, since the study is a 
pooled-time series, there is a significant likelihood that 
the model's disturbance terms are characterized by both 
serial correlation and heteroscedasticity. Therefore, 
the final topic of this section is a discussion of 
possible corrections in the estimation procedure.



Before beginning the discussion on the above 
issues, the model is restated for the purpose of 
simplifying the notation:

(1) Q i t ~ m i n f D i t , S ± c )

(2) D m = a Q + a x C O I N m  + a a P i t  + Z 2 It + U s i t

(3) Si t = +0.Q b 1P 11 + b 2 V  m  + Z3 1 fc + U a i t

(4) P m = O 0 + C 1 C O I N m  + C j P  it-i + C 3V m  +

Z4 1 r. + U 4 ± G

(5) C O I N m = d o  + di  P i t  + d a C O I N i c — \ + Zsit + u
(6) D m - S m  = K/Vtt - Vie + U fiir.

All variables are expressed in log-linear form. Each Zjit 
represents a vector of exogenous variables. Q m ,  Pit and 
COINm are observed endogenous variables, while D m ,  S lt 
and (Dit-Sit) are unobserved endogenous variables.

Only five of the six equations are stochastic. Q m  

is an endogenous variable; however, in this model, it is 
treated as deterministic. For the derivation of the 
estimation model, the following assumptions pertaining to 
the nature of the disturbance terms, U;,m, are adopted:

8. U n t  - N(0,$ )
9. $ = E(Udit Uk u ) j,k = 2-6

10. E(Udit Udr.t) = 0  r = i
11. E(Udit = 0  t = g

The implication of Eq .8 and Eq.9) is that the disturbance 
terms are jointly normal with zero means and a constant 
variance-co-variance matrix. From Eq.10 and Eq.ll, it can



be ascertained that the disturbance terms exhibit neither
the problem of serial correlation nor heteroscedasticity.
However, no assumption is made prohibiting correlation
between the equations' disturbance terms.

%
The preferred method of estimation for the above 

hospital sector model is maximum likelihood estimation 
(MLE). Since a likelihood function is derived from the 
joint probability function of the model's stochastic 
endogenous variables, MLE will assign values to the 
model's parameters which take into account the assumed 
characteristics of the disturbance terms. A central topic 
of this paper is the derivation of the likelihood function 
associated with the above model. In later works, the 
suggested likelihood function coefficients and statistical 
parameters will be estimated by employing an algorithm 
such as one associated the gradient method or the 
Marquardt method. By definition, an algorithm searches 
for values for unknown parameters by assigning them values 
which maximize the probability of observing the sample, in 
this case, a collection of hospital, health insurance and 
demographic data.

Derivation of the Likelihood Function:
By definition, any likelihood function is derived 

from the joint probability function of the disturbance
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terms, u^it. From Eq.8 , each u^tt is normally 
distributed:

(12) f(U3it) = (27raj2)'iexp{-i(Uj}t/aj)2}
Therefore, the joint density function will be:

6
(13) f(Uait,•..,Usle) = f(Ujit)

As long as f(.) has an one-to-one correspondence with its 
respective stochastic endogenous variables, 
the joint probability function of the stochastic 
endogenous variables, g(Dit,Sit,Pit,Cit;v n )  , will be the 
product of f(.) and a Jacobean transformation factor, A:

(14) g(.) = A f(.)/ where
(14)' A = 13 Udit/ 3 Y±c| , where Yi.t is a vector of 

stochastic endogenous variables. In particular, given
U 3±t - N(0,<t);

(15) g( . ) = A(2ir3a2 ... ■g6 )exp{-jr(̂ ^t| ‘ +
“1

Si t - b o - . ... +  Pi t - c o - .   CO I N I t - d o - . ...
cf| crj a|

+  D ? t - S i t - K / V i t + V i t  ^
't

with,
(15)' A = 1 - b 2c 3 + KVit- 2  

If each endogenous variable were observed, then the 
appropriate likelihood function would merely be:

(16) L = t x n  g (.)



Unfortunately, in a disequilibrium market model, it 
is not possible to assume that each stochastic endogenous 
variable is observed for each time frame. In particular, 
the quantity variables are truncated. In some periods, 
when there is excess demand, only S m  is observed. 
Similarly, in other periods, when there is excess supply, 
only Dit is observed. It is for this reason that OLS is 
an inappropriate method of estimation for disequilibrium 
market models - the truncation results in the expected 
value of the disturbance to be non-zero and for the 
disturbance terms and the exogenous variables to be 
correlated. The use of OLS estimation would result in 
biased and inconsistent estimates (Maddala, 1983). But, 
not only is the sample truncated, it is unknown as to when 
either situation has occurred, in other words, sample 
separation is unknown.

Hypothetically, if the change in hospital charges 
were positive then it could concluded that the market had 
experienced a period of excess demand. Conversely, if the 
change in hospital charges were negative then it can be 
concluded that the market had experienced a period of 
surplus. This can be expressed as a sorting rule and 
included in the model's design (Fair and Jaffee, 1972) .
But since the hospital sector is complex, with a number of 
other possible factors determining the direction of the



hospital charge change, to use a sorting rule would be 
premature.

Hence, another approach to the derivation of the 
likelihood function must be considered, one which does not 
rely on observed values for both quantity variables or a 
sorting rule, but is capable of predicting the probability 
of observing either quantity demanded or quantity supplied 
using the observed endogenous and exogenous variables.

A nuance of a likelihood' function is that not only 
is it derived from a probability density function of the 
observed endogenous variables, but the density function is 
an unconditional one. For this case, it is 
g(Qxt,Pic,Cit,vic). Hence, the likelihood function, L', 
is

(17) L' = n h (.)
The objective, now, is to explicitly state what is h(.). 
The derivation of h(.) is dependent on the notion that a 
unconditional probability function can be expressed as a 
sum of its conditional probability functions (Maddala and 
Nelson, 1974):

(18) h(.) = Nhx(Q,P,COIN,V,|Q=D) +
(1-N)h 2 (Q,P,COIN,V|Q=S) 

where N is the P(D>S) and hi(.) is the probability 
density function of the observed endogenous variables 
conditioned on Q=D, while (1-N) is the P(D<S) and h 2(.) is



the probability density function of the observed 
endogenous variables conditioned on Q=S. But, for the 
hospital sector model with the assumed joint normal 
distribution for the disturbance terms, the question 
begging to be addressed is what exactly is h(.)•

The model can be considered to be a switching 
simultaneous equation system with two possible regimes, 
one where desired demand is less than desired supply, 
(Regime 1), and one where desired demand is greater than 
desired supply, (Regime 2) (Goldfeld and Quandt,. 1975).

in Regime 1, D±c = Qit and s±t is unobserved, and 
the observed variables are Q it, Pit, Clt, Vit, Zlit,

• Zs it • The hospital sector model during this regime

( 2) 1 Qit: = So + aXCOINit + 3zP it Z 2 i t + U 2 it
( 3) ' Sit = b 0 + biPit + b 2Vit + Z 3 i t + U 3 11
( 4) Pit 11 0 0 + Ci COINit + CzPit-i + CaVit +

z«it + Uait
( 5)' COINit = do + diPit + daCOINit + Zsit + U Sit
( 6)' Dit"Sit = K/Vit - Vit + U slt

Thus, the density function associated with observing the 
endogenous variables conditioned on the fact that Dit<Sit 
is:

(19) hx(Q,P,c ,V|Dit < Sit) = / ga(Q /S ,P ,COIN,V )dS/N
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where N, a normalizing factor, is the P(Dm<Sit).
Similarly, m  Regime 2, S m  = Qit. and D tt is not 

observed. While the same vector of variables is observed, 
in this regime, the model is:

t 1 Qtt II tr 0 + biP it: + baVic + Zait + Uatt
1 t Dtt ii (u 0 + a xCOINi.t + a2P it + Z 2 1, + U 2it
1 t Pi, 0u11 + Ci COINit + C 2Pit - 1 + CaVit +

( 5) 1 1 COINm — do + dxPit; + d2C0IN±t-i + Zsic + Usit
(6)'' Dtt-Sie = K/V±t - V ic + Uaits

The density function associated with observing the 
endogenous variables conditioned now on the fact that 
Dit>SiC , is:

(20) h 2(Q,P,c,V|D±t>sit) = ! g2(Q,D,P,COIN,V)dD/(l-N)
where (1-N) is the P(Dit>Sit).

Hence, the unconditional density function, defined 
as the sum of two conditional density functions is:

(18)' h(Q,P,coin,v) = j gx(.)ds + J ga(.)dD.

As in the case where all endogenous variables which have



an one-to-one correspondence with their respective
disturbance terms, and if Ujm'v N(0,$ ), then

■ Qi t - . . . .( 1 8 ) ' '  h (  . ) = (27rcr2 . . . a g )  1 { / e x p  +

where

‘ ‘ ‘ + ___  j-Dit-Sit. ...r.)}ds +
°l al

A-Jexp(n^{—-t'~‘ ■*■-'*■ +
*  2 2

°3 °2

+ . . . .  + ■Di.t ~S i t ~t - t - ))}dD}

(21) Ax = »U6lt|
1 3Qi t ,SI t  ............1

1 - b 2c 2 + KV±t-~z

( 2 2 )  A2 = I-— 3-! • »u 6 i t
3Q i t , D i t .............

= 1 - b 2c 2 + KVit-2
As a result, the likelihood function is:

(17)* L' = t x m h(.) where h(.) is from Eq. 181'.
Two substantial issues are ignored in the 

derivation of the above likelihood function. One issue 
has already been mentioned, and will be dealt with in the 
pooling section
found later in this chapter., and that is the fact that the



model assumes there is neither serial correlation nor 
heteroscedasticity.

The second issue is the question whether or not the 
two regimes are mutually exclusive. The derivation of the 
likelihood function has assumed the two states are 
mutually exclusive. If this was not the case, there would 
have to be a third term which eliminated the effect of 
both excess demand and excess supply' existing 
simultaneously. Obviously, it makes no sense for there to 
be both excess demand and excess supply. Hence, for the 
two regimes not to be mutually exclusive introduces the 
notion of 'logical inconsistency.' Unfortunately, when an 
algorithm assigns values to the model's coefficients, 
unless it is included in the algorithm, it does not 
subject their assignments to a sense of economic logic.
To prevent the occurrence of logical inconsistency, 
'coherency conditions' should be assigned to the Ai and A 2 
before actual estimation occurs (Maddala, 1983). Since 
estimation is a topic beyond the intent of this paper, the 
necessary restrictions for Ax and A 2 are not computed.

Nonlinear Identification and Estimation Issues
The above likelihood function (Eq.17') can be 

estimated either by a full-information maximum likelihood 
estimation (FIML) method or by a two-stage maximum 
likelihood (2SML) method. Which method is employed



depends on whether or not the above system can be 
identified and the statistical properties associated with 
each method when used in estimating the hospital sector 
model.

FIML has great intuitive appeal - it involves 
assigning values to each coefficient in the structural 
model simultaneously. However, since it does this by 
solving a system of nonlinear reduced-form equations, FIML 
can not be used unless the structural equations are 
exactly identified. If the model were linear in the 
variables and had only linear restrictions on the 
parameters then the usual rank and order conditions would 
apply. But, this is not the case. First of all, by 
nonlinear in the variables it is meant that at least one- 
of the endogenous variables appear in the model in two or 
more different forms. In the supply equation, Eq.3, the 
vacancy rate appears as Vit, while in the excess demand 
equation, Eq. 6, the it appears as V m  and v it-1, making 
the model nonlinear in the variables, secondly, a model 
is considered to be nonlinear in the parameters if there 
exist any nonlinear restrictions on the parameters 
(Goldfeld and Quandt, 1972). Turning again to Eq.6, the 
coefficient for Vie is required to be '-1', therefore 
characterizing the model as one which is nonlinear in the 
parameters.



As noted above, since the model is not linear in 
either the variable nor in the parameter, the usual rank 
and order conditions cannot be employed to determined 
whether or not the individual equations are identified. 
Specifically, the problem involves the rank condition, a 
necessary and sufficient condition for linear models. In 
a linear system, the rank condition guarantees that a 
member equation in the model cannot be expressed as a 
linear combination of the remaining equations. If and 
only if this condition is satisfied, will unique values 
for the equation's coefficients be obtained. Furthermore, 
only in the case where all equations satisfy this 
condition is the model considered to be an identified one. 
If a model includes a nonlinear equation, the rank 
condition must be such that when satisfied there exist no 
linear or nonlinear combination of the remaining equations 
that can be used to express a member equation (Goldfeld 
and Quandt, 1972).

While it may be more difficult to state the 
identification condition in an elegant manner as in the 
linear case, from a practical perspective, identification 
may be easier to obtain in the nonlinear case. It appears 
the rule of thumb is that "nonlinearities never hinder 
identification and they may help" (Goldfeld and Quandt, 
1972) ~ at least for a local solution.



It is suggested that the first attempt at 
estimating Eq.17' is by FIML. If it does converge to 
unique values for the parameters after some reasonable 
number of iterations, then the model was either exactly 
identified or over-identified. In other words, the 
solution may represent either a global solution or a local 
solution. If the estimated coefficients conform with 
expected values, fine, the job is done. However, if they 
do not, hopefully, the estimated values represent a local 
solution and another solution, one which is both a global 
solution and one which conforms to economic theory 
pertaining to the model's coefficients is still out there, 
waiting to be found. At this point, it may be 
advantageous to add some rules or restrictions on the 
nature of the disturbance terms to the model (Goldfeld and 
Quandt, 1972). This restricted model should be rerun, 
again using FIML. If the computer is still not converging 
to appropriate values then some type of two-stage 
estimation on those equations which are identified may 
have to be employed.

The FIML estimator has good asymptotic qualities.
In other words, as long as the nature of the disturbance 
terms in the model is as suggested in Eq.8 through Eq.ll, 
then FIML provides consistent estimates of the models 
parameters. However, given the reasons stated above, a



FIML solution is unlikely. Therefore, estimation may 
require some notion of a two-stage method.

One suggested two-stage method begins by finding 
the maximum likelihood estimates of coefficients in the 
reduced-form versions of the supply and demand equations. 
If a regime is identified, then the estimated values for 
quantity demanded and quantity supplied, along with their 
respected variance and covariance matrices can be 
generated for each observation. Using the predicted 
amounts, a weighted value for quantity observed is 
computed and substituted back into the original model.
Now having a value (though estimated value, in some 
cases,) for each and every endogenous variable, the model 
the is estimated using ordinary least squares (OLS).

The 2SLS approach has a number of problems.
First, weights would need to be assigned to the estimated 
values for quantity demanded and quantity supplied before 
quantity observed could be computed. A priori, there is 
no theory which can determined what the weights ought to 
be. Second, the disturbance terms in the reduced-form 
equations for quantity demanded and supplied are 
correlated. As a result, estimates of their coefficients 
will be biased and inconsistent. Finally, it is 
recognized that the standard errors computed in the 
second-stage are incorrect. If they are used in 
hypothesis testing, acceptance or rejection decisions will



become erroneous. Hence, the estimated coefficients can 
not be compared to coefficients estimated in other models, 
nor can they be used in policy recommendation.

In conclusion, the advantage of FIML estimation - 
beyond an intuitive appeal - is that it is a consistent 
estimator. Unfortunately, it is doubtful whether or not 
it can be used to generate actual estimates.
Disequilibrium models with unknown sample separation 
seldom converge to unique estimated values without the 
addition of specified relations between the variances of 
the model's disturbance terms. In addition, the problem of 
'logical consistency' will require restrictions placed on 
the coefficients. The alternative two-stage method 
results in incorrect standard errors making inference 
erroneous. A model estimated using this approach has 
limited value. If one wanted to be pessimistic, one 
should pay heed to Maddala's words: "Until the problem[s]
of estimating [disequilibrium models] with sample 
separation unknown are resolved, it is not worth 
undertaking estimating [such models]." (Maddala, 1983)
But it is suggested that further research involve 
attempting both methods (and seeing if new methods of 
estimation have been suggested) and checking how their 
estimates of coefficients compare to non-disequilibrium 
models.



Pooling
Ideally, the testing of a disequilibrium hospital 

sector model would use data for a smaller unit than a 
state with observations collected over time. But problems 
of obtaining data for a smaller unit and not wanting to 
get involved with the implication of major structural 
changes that likely occurred in the hospital sector when 
Medicare and Medicaid were introduced in the mid-1960s and 
the Diagnostic Related Group program in 1983, required 
that the state be the unit of observation, and restricted 
the time frame to the 1971 through 1982 period. If a 
state were picked as the focus of study, at most, there 
would have been thirteen observations, and that is only if 
there were no lagged terms in the model. In this 
scenario, given the complexity of the model, any 
estimation method would not have sufficient information 
for estimation of values for the model's coefficient. 
Therefore, the reasonable approach is to 'pool' available 
information on all states of the U.S., which is done in 
this case.

And, like any second-best approach, it comes with a 
cost. Specifically, a pooled time-series model with no 
corrections for it being a time-series model, is making 
the heroic assumption that the model's coefficients are 
constant across time and across states. Unfortunately, 
due to reasons which will be given below, at least during



the first run of the model, the assumptions outlined in 
Eqs. (8) through (11) are still implied.

Three types of strategies are used to correct the 
consequence of pooling data: the covariance model
strategy, an error component model strategy and a random 
coefficient model strategy. For this study, any adopted 
strategy must not result in the loss of many degrees of 
freedom or require a different structure for the 
disturbance terms. The objective of this section is to 
provide a rationale as to why each approach is 
inappropriate for this model. It should be noted, that an 
alternative model which requires the omission of one of 
the model's equation will be suggested at the end of this 
section.

The first strategy to be discussed is known as the 
covariance model approach. This strategy introduces dummy 
variables for both years and states in each equation. The 
idea is the estimated coefficients on the dummies will 
measure the average change in the dependent variables due 
to the observation belonging to a specific state or year. 
In other words, the introduction of state and year dummies 
will account for the average effects of states and time on 
the endogenous variables. The addition of dummy 
variables adds no insight as to why membership to a state 
or year will cause a shift in value of a dependent 
variable. But even more importantly, the covariance model



reduces the number of degrees of freedom by ([N*T-T-N]G 
where G is the number of equations in the model.), 
jeopardizing the efficiency of the model, something which 
can not be afforded in a disequilibrium model with sample 
separation unknown. Therefore, the dummy variable 
approach is rejected as a correction for pooling data.

A second strategy (the error component model) 
requires new assumptions for the structure the disturbance 
terms. Specifically, it is suggested in a pooled time- 
series the disturbance terms will correlated across states 
and time, i.e. uJd.t = v^± + wat + where w 3t is
assumed to follow an autoregressive scheme and the 
variance of v3± is not a constant <Pindyck and Rubenfeld, 
1981). This would be the preferred strategy since, in 
fact, it is quite probable the disturbance terms do not 
adhere to the nice assumptions outlined in Eq.8 through 
Eq.ll. But, problems with serial correlation and 
heteroscedasticity are purposefully ignored in 
disequilibrium models. Allowing serial correlation, for 
instance, except in special circumstances, in equations 
involving unobserved variables will result an 
'intractable' likelihood function (Rosen and Quandt,
1986). Therefore, at best/ it could not be included in 
Eq.3' and Eq.6' in Regime 1 and Eq.2'' and Eq.6'1 in 
Regime 2 (Rosen and Quandt, 1981). The consequence of 
heteroscedastic disturbance terms on the derivation of a



likelihood function has not even been investigated. 
Regardless, it would result in a much more complicated 
likelihood function, one which may have no chance of being 
estimated. Hence, the error component strategy is 
rejected. But even if this were not the case, if the 
model was a simple linear simultaneous equation model with 
an occasional lagged dependent variable, the error 
component could not be used. A basic requirement for 
implementing this model structure is that the model 
involves but one equation and that equation contains no 
lagged dependent variables as explanatory variables.

The random coefficient model is the final strategy 
to be discussed. By allowing the coefficients to vary by 
state, the model is inferring that different states have 
different responses to changes in explanatory variables. 
Specifically, any coefficient in the model, B±, is 
comprised of a constant, B, and a random variable, W*.. By 
definition, W* is a linear function of a state-specific 
variable and a random component whose nature is similar to 
that of the disturbance term, U dit. The estimated 
coefficient is a weighted average of the state-specific 
coefficients, where the weights are a function of the 
estimated variance of the disturbance term and an
estimate of the variance associated with the coefficient. 
As a result, to estimate the model's parameters requires



estimation of each coefficient's variance. The number of 
estimated parameters actually doubles (Maddala, 1977).

The advantages of the random component model are 
twofold: First, the loss in degrees of freedom in its
estimation process isv considerable less than in the 
covariance model case. Second, it is not necessary to 
adopt a different set of assumptions concerning the 
disturbance terms.

Unfortunately, the advantages are accompanied by 
problems. The theoretical econometricians have only 
extended the random coefficient model to the case of 
linear simultaneous models. So, it is unclear whether 
the above model, with its nonlinearities and latent 
endogenous variables, stays tractable if coefficients are 
allowed to have a random component. But, even ignoring 
this potential problem, a new twist is added to the 
identification problem with the introduction of random 
coefficients. Not only must the coefficients be 
identified, but the coefficients' variances must be 
identified. Consequently, a condition must be satisfied 
before the usual rank and order conditions for 
identification are employed (Kelejian, 1974).

If a correction for pooling the data is going to be 
made (ignoring the problem may be the best path), the 
random coefficient method appears to be the only viable • 
approach. But, before implementing this strategy, it is



recommended that the hospital sector model be altered. 
Specifically, the excess demand equation (Eq.6) should be 
omitted from the model. If this adaption is made then the 
model is linear and as long as the condition specified by 
Kelijian (1974) is satisfied, the model is reducible and 
the random coefficient model can be adopted.

A final word of cautions, for all the reasons 
mentioned above, two-stage estimation methods should still 
be avoided. But, to do so requires each regime in the 
hospital sector model to contain just linear equations and 
for all equations to be identified. The reward for this 
case, is the capability of using a full-information 
maximum likelihood procedure on the system of random 
coefficient equations.



Chapter 6
Conclusions

A common thread throughout the paper is that 
spiraling hospital cost inflation can be explained by a 
market structure which is persistently in a state of 
excess demand for hospital services. In Chapter 3 , a 
scenario was developed which gives a rationale for such a 
claim. The scenario revolves around an argument that 
physicians, like any economic agent, if given the 
opportunity to induce demand for their services, and their 
services sometimes involve hospital services, they will do 
so. The nature of hospital care provides physicians with 
such opportunity. With influence on both sides of the 
market, physicians' desires will have some effect on the 
final market structure of the hospital sector. 
Consequently, whether or not the hospital sector has 
excess demand will depend on the net benefit associated 
with such a market when compared to one with the typical 
'market-clearing' characteristics.

The focus in Chapter 4 is on outlining a general 
sector hospital market which is not confined to either a 
market equilibrium or disequilibrium framework. The model 
itself explains six variables: observed admissions into
inpatient hospital service, desired demand, desired



supply, hospital charges, the coinsurance rate and excess 
demand (or supply).

Given the model developed, Chapter 5 1s purpose was 
to present the derivation of the appropriate maximum 
likelihood function. Since there are two potential states 
of nature, one characterized by excess demand and one 
characterized by excess supply, the likelihood function 
has the form of a bivariate probit search function.

Left for future research is the actual estimation
s

of the likelihood function. But the road to estimation is 
not free from obstructions. Some substantial problems 
remain before reliable estimates of the hospital sector 
model can be made. Furthermore, for the model to be 
applicable beyond the time frame of the purposed sample, a 
few adaptations should be made.

For instance, a forgotten agent in the model is the 
insurer. An implicit assumption operative in the model 
is that the insurance agent is a passive participant - 
supplying any requested amount of insurance demanded.
This may or may not have been a legitimate assumption for 
the period under study, 1970 through 1982, a period of not 
only hypothesized excess demand for hospital services, but 
also surging increases in the demand for health services.

But, clearly since many of the structural changes 
in the provision of hospital services have been initiated 
by health financing institutions, i.e., reimbursement



mechanisms have been altered, and physician sovereignty in 
recommendation of services has been challenged with the 
adoption of the DRG program, equations describing the 
incentives for such institutions ought to be included in 
the design of the model. This is especially true if 
testing of the model is to extend beyond 1982, the last 
year before the imposition of a national DRG program. 
However, this omission does not prevent testing of the 
model as developed in this paper for the suggested time 
frame.

As reported both in Chapter 3 and the Appendices, 
some of the measures on variables are dubious. An obvious 
example is that the 'price' of a hospital stay omits many 
of the additional costs incurred by a consumer. A true 
price would be not only a function of hospital charges but 
also all physician fees associated with the possible stay. 
Another example, as noted by the many critics of the 
excess demand scenario, is that use of physician density 
to determine whether a medical service market has this 
feature, may be circular. In particular, the critics 
correctly point out that a positive influence of an 
increase in physician density may not only indicate the 
ability of physicians to shift demand for their services, 
but may simply indicate a movement of physicians to 
locales with more medically needy populations. While 
notably an excuse, the variables in the model are often



constructed in the manner suggested because there are no 
better alternatives. This is especially true, given the 
necessity to pool over states in order to have a large 
enough sample.

If the model is to be used to test a more recent 
sample, some additional variables may need to be included. 
For instance, the portion of GNP allocated to health 
services has continuously grown during the mid-1980s, 
while simultaneously, inpatient utilization has declined. 
This must mean people are substituting toward alternative 
medical services such as nursing homes, home health care 
agencies and ambulatory care centers. If this is the 
case, then price variables associated with these 
substitutes must be included in the model.

But even accepting the above-mentioned 
shortcomings, estimation of the model still requires the 
completion of a few tasks. First of all, the logical 
consistency restrictions must be specified. Second, a 
package capable of estimating a bivariate probit search 
function using a full-information technique must be found. 
And, even if these two tasks are complete, there is no 
guarantee that any algorithm will be able to generate 
stable estimates for the model's coefficient. Since no 
inference can be drawn for any coefficient estimated via a 
two-stage estimation technique, some full-information 
technique is the recommended method of estimation.



A possible solution to an outcome of non- 
convergence of the suggested model, is to drop the excess 
demand equation. It is this non-linear equation which 
introduces many of the estimation problems. But, if this 
is done, then the likelihood function must be re-derived 
and each of the remaining equations must meet the 
identification requirements for a linear system. Maybe 
Maddala's advise of not attempting to estimate the 
function, at least in the short run, should be heeded.

Regardless of whether the model described in the 
paper is correct or whether it can be estimated, health 
economists need to examine the complex interrelations 
between the many economic agents in the hospital sector. 
Not to do so will keep us in the dark about proper policy 
for a sector which provides an essential service.



Appendix A
Data

To estimate the model requires that hospital 
insurance and demographic data be collected on all fifty 
states and the District of Columbia for the period 1970 
through 1982. This section briefly defined each variable 
in the model and indicates the source of the data.

All hospital-related data was obtained from the 
American Hospital Association's annual publication, 
Hospital Statistics. Health insurance variables were 
constructed using data published by the Health Insurance 
Association of American in their Source Book of Health 
Insurance Statistics, since their data set was not 
adequate in providing information for all insurance 
variables, various publications on the National Health 
Care Expenditure Studies was also employed. Data 
pertaining to physicians was obtained from the American 
Medical Association's Physician Characteristics and 
Distribution in the U.S. While most hospital, insurance, 
and physician variables were constructed using these four 
sources, various series held by the National Bureau of 
Economic Research supplemented most of the, missing 
information.

It should be noted that in a substantial number of 
cases, data on a variable could only be found by state for



a year or two. If this was the only available option, 
this data will be used in future estimation of the 
hospital sector.



Table A.1 
Sources and Definitions 

of Variables

D1

NP:

PCPHY

OPHY

ED

NW

G
t
Sx

Px
LX

IOX

V1

DON
GG

Desired number of admissions 
per 1000 persons.
Average hospital charge per 
stay less the average 
copayment.
Time cost of an average stay.

Average total income (earned 
and unearned) per 1000 persons.
Number of primary care physicians 
per 1000 persons.
Number of non-primary care 
physicians per 1000 persons.
Number of persons with at least 
a high school education per 1000.
Number of non-white persons 
per 1000.
Number of women per 1000.
Time
Desired admissions policy 
per 1000 persons by supply 
agents.
Averge hospital charge per stay.
Wage expenses associate with 
an average stay.
All other expenses associated 
with an average stay.
Ratio of empty beds to total 
available beds.
Total donations.
Total Federal grants to

Unobserved

AHA and see 
App. B .

AHA and 
NBER
NBER

AMA

AMA

NBER

NBER

NBER

Unobserved

AHA
AHA

AHA

AHA



COIN1

TM
D-Sl

1 .

hospitals.
Average portion of a dollar 
spent on hospital services.
Average marginal tax rate.
Excess demand (or supply) for 
admission into a hospital.

An endogenous variable. All other 
exogenous.

See App. B. 

NBER
Unobserved 

variables are

2. All variables which are measured in dollars have 
been deflated by a state specific CPI.



Appendix B 
Coinsurance Rate Construction 

The coinsurance rate, the ratio of the total net 
hospital charges paid directly by the consumer to the 
total gross hospital charge is constructed as a weighted 
average based on nine possible hospital insurance 
categories. Specifically, it is:

where Ua is the utilization rate per c a t e g o r y , i s  the 
annual average coinsurance rate associated with a category 
and Pait is the annual portion of a state’s population 
associated with an insurance category.

There are nine insurance categories and they depend 
on the age and types of insurance coverage: A person
younger than age 65.can have group hospital insurance, 
individual hospital insurance, be eligible for Medicaid or 
have no hospital insurance coverage. A person older than 
age 65 can have only Medicare, Medicare and private 
hospital insurance, only hospital insurance, Medicare and 
Medicaid, or have no hospital insurance. (Unless it is 
noted otherwise, all statistics are from NMCES Data 
Previews.)

The utilization rate is the average of 'at least 
one admission per year1 people within an insurance 
category have experienced. Because of data limitations, 
it only varies by insurance category, not by time or by



state. For people younger than age 65, utilization rate 
estimates were calculated by Aday and Andersen (1978). 
Using data from the 1976 Health Expenditure Survey, they 
estimated that 10 percent of the population with either 
individual or group hospital insurance experienced at 
least one hospital admission per year. For people 
eligible for Medicaid, the utilization rate was estimated 
to be 16 percent, and for people with no insurance, the 
utilization rate was estimated to be 9 percent. For 
elderly people, the utilization rate was estimated from 
NMCES of 1977. It found a utilization rate which is about 
twice that of younger people, 20.1 percent. While there 
is a sundry of insurance categories for the elderly, there 
is but one utilization rate used in the construction of 
the coinsurance rate in this paper.

The number of people under age 65 in each state 
with private hospital insurance policies and the number 
with Medicaid is reported annually by the Health Insurance 
Association of American (HIAA). The HIAA, however, does 
not break down the private hospital insurance number into 
group purchased policies and individually purchased 
policies. Since depth of coverage differs substantially 
between these two categories of coverage, it is important 
to separate the two categories in computing the state- 
specific coinsurance rate. The NMCES does report that for 
1977, 90.4 percent of all people under age 65 with private



health insurance had group health insurance with the 
remaining 9.6 percent holding individual health insurance 
policies. The distribution between private group and 
individual insurance is assumed to remain constant over 
the period of the study. While these percentages are for 
’health' insurance, it is not a concern. NMCES also 
reported that among people under age 65 with private 
health insurance, 98.7 percent of them carry hospital 
insurance. Therefore, the above percentages for people 
with group and individual health insurance policy are 
expected to represent the percentages of people with 
private and group insurance.

People with Medicaid either carry a Medicaid card 
or participate in a cash welfare program such as AFDC or 
SSI. One hundred percent of those with Medicaid 
eligibility are assumed to have hospital insurance 
coverage. Whether they do have hospital coverage at time 
of illness, depends on Medicaid approval of their hospital 
admission. However, given the standards a person must 
meet to be eligible for Medicaid, if the admission was not 
approved, the hospital would probably carry such a 
person's hospital bill as a bad debt.

The number of people under age 65 with no hospital 
insurance is computed as a residual - it is the number of 
people under age 65 less those with private hospital 
insurance, less those eligible for Medicaid. The estimate



of the uninsured probably contains an upward bias. At 
least some of the people with no hospital insurance, if 
they did required hospitalization would then apply for 
Medicare and be accepted. Technically, these people ought 
to be classified as part of those eligible for Medicaid, 
but it is not possible to guess what this number may be. 
'Therefore, these people are included among the uninsured.

The HIAA also reports annually the number of 
elderly people with Medicare in each state. But this is 
it. The HIAA provides no data on the number of elderly 
with just private health plans, private plans and 
Medicare, or Medicare and Medicaid. In fact, it provides 
no information o the private health policies held by the 
elderly. The NMCES, however, does .provide.enough 
information to compute the portion of the elderly 
population (and the total population) which fall into 
these various categories. Unfortunately, their data is 
based on a national survey and is for just one year 
(1977). As a result, the proportions computed using the 
NMCES data are assumed to not vary over time or by state. 
The same logic is used in estimating the number of elderly 
who are uninsured.

Again, much of the data is in reference to 'health1 
rather than 'hospital' insurance. But this is even less 
significant for the elderly. If an elderly person has a 
private health insurance policy, there is a 98.9 percent



probability it is a hospital insurance policy. Plus, 92.2 
percent of all Medicare enrollees have Part A - the 
hospital insurance component. It should be noted that 
many of the categories pertaining to the elderly represent 
such a small percentage of the total population, that they 
will not influence the computation of the annual state- 
specific coinsurance rate (holding only private health 
insurance - .17 percent, holding both Medicare and 
Medicaid - .35 percent, holding no health insurance - .08 
percent.)

In all the above cases, a 'portion,1 Pit, of the 
state population for each year is computed. It is the 
ratio of the number of people placed in a category to the 
state's population and it is the only component of the 
coinsurance rate which consistently varies by both state 
and over time.

For each of the categories that represent at least 
one percent of the total population, an average 
coinsurance rate is computed. (Thus, the coinsurance rate 
is an average of five insurance groups.) Since the only 
annual data that is available on the hospital coinsurance 
rate is a national ratio of direct consumer expenditures 
on hospital services to total national hospital 
expenditures, and no information exists on a state level, 
either annually or even for one year, each coinsurance 
rate is computed by piecing together information form the



NMCES. As a result, the coinsurance rate is assumed to 
vary only among the categories. (A slight exception is in 
the computation of the relevant coinsurance rate for 
people with only Medicare.) While it is true that for the 
period under study, a period with high inflation and 
significant tax incentives to substitute improved health 
coverage for money wage increases, it still may not be 
such a bad assumption. There is some evidence that when 
people acquire 'better' health coverage it has meant that 
they acquired coverage for health services that they had 
not previously covered rather than improving on the depth 
of their coverage on a.health service they already had 
some coverage. For instance, during the 1970s, the number 
of people with- dental insurance, an unusual type of 
insurance prior to 1970, increased significantly, while 
the number of people which moved from an 80 percent 
copayment to something better did not change significantly 
(Feldstein, 1973).

Hospital insurance, in general, is differentiated 
by varying amounts od deductibles, copayments, ceilings 
and exemptions. The coinsurance rate, however, is used as 
an indicator of the depth of coverage associated with 
insurance policies. In ths study, for people under age 
65, the private hospital insurance coinsurance rate takes 
into account the copayment factor associated with basic 
coverage plans, Major Medical plans and Health Maintenance



Organizations (HMOs), and the distribution of 
policyholders between these plans.

It is assumed that the copayment factor for HMOs is 
100 percent; for any plan which includes a Major Medical 
component, it is 80 percent; and the copayment factor 
associated with basic coverage plans was found by setting 
the weighted average of copayment factors for all plans in 
1977 and equating this with the 1977 national ratio of 
total direct consumer expenditures to total hospital 
expenditures. According to the NMCES, the distribution 
for group health insurance policies among the three 
categories was the following: 4.9 percent of the policies
were for HMO plans, 81.7 percent were Major Medical plans 
and 13.4 percent were basic coverage plans. For 
individual health insurance policies, the distribution was 
the reverse: 2.6 percent of the policies were in the form
of HMOs, 34.5 percent were Major Medical plans while 62.9 
percent were basic coverage plans.

Obviously, the coinsurance rates for group health 
insurance will differ substantially from private health 
insurance. Again, because of data limitations, the 
coinsurance rates for these groups is computed once for 
the nation and, consequently, they are not allowed to vary 
by state or over time.

As noted above, the hospital coverage for Medicaid- 
eligible people is total. Hence, the estimated coinsurance



rate is zero. At the other extreme, people with no 
coverage experience a 100 percent coinsurance rate. This 
is an exaggeration. As mentioned earlier, some people 
with no insurance, if ill, would find themselves eligible 
for Medicaid. In addition, some will simply receive 
hospital services without paying for them. In both cases, 
the coinsurance rate for this portion of the uninsured 
would be zero, not 100 percent. By ignoring these 
possible events, the coinsurance rate for the uninsured is 
overstated.

The remaining two insurance groups both include 
elderly with Medicare coverage: One group represents
elderly with just Medicare and a second group representing 
elderly with Medicare and private health insurance.
People with Medicare receive total coverage for hospital 
expense after paying a deductible equal to the cost of one 
day of hospital service for the first 60 days of a 
hospital stay. Beyond 60 days, the elderly are subject to 
a schedule of copayments with increase with length of 
stay. For the purposes of constructing a coinsurance rate 
associated with an average stay in a hospital for 
recipients of Medicare, it is not necessary to include in 
its1 estimate the increasing coinsurance rate schedule. 
Even for the elderly, whose average hospital stay is 
longer than the average stay of people younger than age 
65, the average stay does not approach 60 days.



Therefore, it is unnecessary to consider the copayment 
schedule for stays longer than 60 days.

For elderly people with only Medicare coverage, the 
coinsurance rate is the ratio of an average cost of one 
bed-day of hospital service to the gross cost of an 
average stay. Since the AHA does provide annual 
information on state-specific hospital expenditures and 
the average stay, the coinsurance rate for this group will 
vary by state and over time.

Private health insurance for the elderly has the 
characteristic of filling in the no-coverage gaps.of 
Medicare. As it is, the only hospital expense they face 
is the cost associated with the first day of a hospital 
stay. The NMCES of 1977 found that 92.9 percent of the 
elderly with private insurance had full coverage for the 
cost of the first day of hospital stay Medicare 
deductible. The remaining group had some copayment factor 
for this expense. Assuming this copayment is 80 percent, 
it is possible to estimate an average copayment of 98.58 
percent, or a 1.42 percent coinsurance rate for the 
Medicare deductible. Together with the Medicare coverage, 
elderly in this category experience approximately a zero 
coinsurance rate.
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