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ABSTRACT

The purpose of this thesis is to apply cost-benefit techniques
to evaluate rural hospital closures. Data on hypothetical closures
are examined to illustrate the relative importance of various types
of benefits and costs. The distribution of benefits and costs
that explain community support for hospitals is identified as an
aid for public decision makers. The first chapter provides back
ground and rationale for the research. The second and third
chapters develop frameworks for evaluation closures. The fourth
chapter presents the application of the framework to four hypo
thetical closures. The policy significance of the empirical results
is discussed in the concluding chapter.

Chapter I

. PURPOSE OF STUDY

The purpose of this study is to apply benefit-cost techniques to
evaluate rural hospital closures;

Data on hypothetical closures will

be examined to illustrate the relative importance of.various types of
benefits and costs.

The distribution of benefits and costs that ex-,

plain community support for hospitals will be identified as an aid
for public decisionmakers.
The purpose of this chapter is to define the problems faced by
rural hospitals that contribute to closures.

The second chapter de

velops a formal framework for assessing hospital closures.

The next

chapter discusses the simplifying assumptions necessary to make an
assessment of benefits and costs practical.

This model, with its

simplifying assumptions, is applied to four hypothetical cases in
Chapter 4.

The policy implications and a summary of the theoretical

and empirical results are in the concluding chapter.

BACKGROUND
Hospital cost inflation is a problem receiving much attention in
the United States.

The hospital price index increased 352 percent

from 1960 to 1974, compared with a 167 percent increase in the con-sumer price index for the same period.

Hospital expenditures in

creased by 500 percent per capita during this same period.

Not only
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is the absolute size of expenditures-for hospital cafe growing, but
the total of all health care expenditures as a proportion of gross
national product (GNP) also is increasing.

Between 1960 and 1974,

the health care industry's proportion of GNP rose from 5.3 percent to
8.0 percent making health care industry the third largest in the
United States.
Possible reasons for the rapid increase in hospital costs are
abundant.

Low occupancy rates indicating excess capacity is a major,

contributing factor.

Excess capacity has been defined by McClure as

"any hospital capacity which contributes unnecessarily to per capita
health care expenditures, if alternative, less expensive medical (or
non-medical) means exist to achieve equal levels of health" (McClure,
p . 15).

Under-utilized hospital capacity results' from "capacity built

equipped and/or staffed to handle a volume of-services in excess of
its actual utilization" (McClure, p. 12).

A rural hospital over-built

for community needs would fall into this category.

McClure (McClure,

p . 12) argues that ,excess capacity may be in evidence even though the
occupancy rate is high.

That would be the case when less intensive

alternative services than now being provided would have.sufficed for
adequate inpatient care.

.

Excess hospital capacity contributes to higher than necessary
health care costs.

Hospital costs are high since fixed costs of

providing care are spread over relatively few patients.

A. more
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subtle effect of excess capacity on hospital cost is the "Roemer
effect," which states that empty beds induce utilization (Roemer, May)
In this case, individuals are hospitalized when less intensive treat
ment would have sufficed.

•

■

Studies indicate that 5 to 10 percent of the licensed acute care
beds are under-utilized (McClure, p. 19).

Bennett and Sattler esti

mated a total of 68,887 under-utilized beds existed in 1975.

This

translates to 7.5 percent of the bed stock at that time, even allowing
for different ideal occupancy rates for small hospitals (Bennett and
Sattler cited in McClure, p. 70).

The Bureau of Health Planning (HEW)

estimated a gross surplus (corrected for under-supplied areas) of
83,217 beds for the same period (HEW cited in McClure, p. 19).
The Federal government has set guidelines for bed supply and
utilization for the nation^in an attempt to identify areas of excess
capacity.

The guidelines call for a maximum of four beds per 1000

population with an occupancy rate of 80 percent for short-term hospi
tals.

This guideline compares with a supply of 4.5 beds per 1000 pop

ulation and an average occupancy rate of approximately.76 percent in
the nation in 1978.
A new planning and regulatory structure to implement these guide
lines created 213 Health System Agencies (HSA's).

HSA's are designed

to work with existing state planning agencies to provide for public
accountability and control of the local medical systems.

They are
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private, non-profit organizations consisting of professional staff,
providers'and consumers (Altman, p. 562).

Each HSA is required to

"review on a periodic basis, but at least every five years, all insti
tutional health services offered in its health service area and makerecommendations to the state agency . . , respecting the appropriate
ness in the area of such services" (Federal Register, p. 71769).
The HSA review process is concerned with existing institutional
health services, with a goal of identifying areas or institutions with
excess duplication of services (and areas with unmet needs).

Health

services that fall under the appropriateness review process include
those provided through private and public hospitals, rehabilitation
facilities, and nursing homes.

Low occupancy hospitals will receive

considerable attention because their occupancy rates are assumed to
indicate excessive duplication and inefficiency in the delivery of
hospital services.

Furthermore, institution-specific findings are

viewed as the most effective means of eliminating excess capacity
(Federal Register, p. 71768).

At the present, the health planning

structure lacks an enforcement mechanism for institutions that are
viewed to be inappropriate.
The Committee (Committee on Interstate and- Foreign
Commerce) has not required any sanction related to
these reviews which would require that unneeded existing '
institutional health services be eliminated or closed;
However, were a state to decide on its own initiative to
create such a sanction, the Committee would of course
have no objection to this.
(Federal Register, p. 71754.)
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While HSA's currently have no formal regulatory authority, a facility
specific finding of inappropriateness would require a recommendation
for remedial action.

It also would attach a stigma to the facility,

making it difficult for the hospital to attract staff and financing.
Thus, HSAs have considerable de facto-power to affect the closure of
health care institutions through the appropriateness review mechanism.
Many rural hospitals would be subject to close scrutiny under a
strict interpretation and enforcement of the guidelines. ■ Rural hos
pitals are typically small and have relatively low occupancy rates
(Michela, p. I; Raatke and Nordblom, p. I).

These low occupancy rates

suggest that some hospitals may come under pressure to close in order
to bring the remaining facilities within the suggested guidelines.
The closure of rural hospitals is likely to be controversial and
opposed by residents of rural areas.

Hospitals in rural areas are a

major source of employment, physicians, and administrators are usually
key community figures, and hospitals are monuments to civic pride
(Altman, p. 575).

Hospitals are also seen as a means to attract

physicians to rural communities.

The importance of rural hospitals

to their communities is illustrated by the sheer volume of letters
received by HEW in response to the Federal guidelines.

Over 55,000

comments were received and about 80 percent of these were from persons
who apparently lived in small towns and rural areas (Zwick, p. 412).

— 6—

Health care planners will have to make decisions that alter the
allocation of health care resources in the appropriateness review pro
cess.

Cost-benefit analysis provides one framework for judging the

appropriateness of .a hospital.

The application of this framework

provides information that can guide what is essentially a political
decision.

Gainers.and losers of a proposed closure can be identified

in a benefit-cost framework and the magnitude of these effects calcul
ated.

Thus, the distribution of the resultant benefits and costs can

be used to generate an understanding of the politics of rural hospitals

Chapter 2

A COST-BENEFIT FRAMEWORK FOR EVALUATING RURAL HOSPITAL CLOSURE'S '

General Introduction to Cost-rBenefit Analysis
Cost-benefit analyses are used.to evaluate public policy deci
sions concerning alternative use of resources.

It .is a.systematic

method of comparing the benefits and costs of alternative policies.
Decisionmaking is aided because dollar values are assigned to alter
native outcomes and these values identify the relevant policy issues.
Allocative efficiency is the explicit concern of cost-benefit
analysis,but those who lose also can be identified.

Haveman and

Weisbrod (Havemah and Weisbrod, [j. 39) define efficiency as follows:
Allocative efficiency as an economic goal reflects the fact
it is sometimes possible to reallocate resources in ways
•which will bring about an increase in net value of output
produced by those resources.
A policy is desirable by the efficiency criterion if the aggregate
dollar value of the gains of a project but-weigh the dollar value of
the losses.

Changes in the aggregate welfare of people are estimated

by assigning dollar values to the aggregate gains and losses.*
The distribution of benefits and costs is ignored by the alloca
tive efficiency goal.

A project may yield large benefits, but the .

gains and losses may be distributed very unequally.

Thus, the dis

tributional impacts contain important information for many studies
even though it is not the direct concern of allocative efficiency. •
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The efficiency goal may be sacrificed in public policy decisions
because of income distribution consequences.
Direct benefits of a policy or project have been defined as "an
increased value of the output associated with a project" (Sassone and
Schaffer, p. 37) or "additions to the real product of an economy"
(Sassone and Schaffer, p. 32).

Direct benefits can arise from

greater physical production, changes in quality of a good or service,
changes in spatial value, or changes in temporal value (Sassone and
Schaffer, p. 37).

The value of benefits is measured by willingness

of consumers to pay for the outputs of the project.

This in turn

depends on consumer demand for the product.
The willingness to pay for a good is illustrated graphically in
Figure 2-1.

The demand curve, D j, is the quantities of a good that

A
Price

Quantity
Figure 2-1.

Demand for Good X
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will be purchased at each price.
will be purchased.

At a price of P.j, the quantity

The price

is the Willingness of consumers to

pay for the additional unit Q^.

The total amount payed for all units,

OQi is the area under the demand curve OQ^ B P^.,. However, consumers
would have been willing to have paid a
•

quantity.

2

.

total of.OQ^ B A for OQj

•

.

'

This is the gross value of O Q units of' good X.

Thus,

consumers would have been willing to pay more for the good than they
actually spent.
• Indirect benefits, "reflect the impact' of the project on the
rest of the economy" (Eckstein, p. 202).

For example, an irrigation '

project may increase tractor sales and the income of implement dealers
Economic multipliers have been used to estimate these induced benefits
The indirect benefits included in a cost-benefit analysis depends-1
upon the analyst's assumptions concerning the scope of the analysis. ■
and the nature of the economy.

If labor is perfectly mobile and

fully employed, wage income is riot included in national benefits.
The labor used by the project will be drawn from other areas and the
gains to one area are cancelled by losses to another.

On the other

hand, "if the objective of the project is regional development, or
spatial redistribution of economic activity, then these indirect
labor benefits may be real and important and should at least be ' , :
identified" (Sassone and Schaffer, p. 40)..
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Costs are the value of the resources used by the project.

What

ever the ultimate nature of the costs in question, they should be
valued at the opportunity cost of resources used by the project.
Opportunity cost is the value foregone by the use of the resources.
For example, society losses what workers would have produced at their
previous employments.
lost to society.

The workers' wages are an estimate of what is

This logic can be extended to all the resources used

in the project.
The opportunity cost of resources is the marginal cost of those
resources.

Marginal cost is the cost of an additional unit of output

and indicates the next best use of a resource.

The area under a mar

ginal cost curve is the opportunity cost of the resources employed.^

Quantity
Figure 2-2.
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Marginal cost curves are typically assumed to be U-shaped, as
illustrated in Figure 2-2.

At low output levels (less than X) the

additional cost of producing an additional unit falls due to more
efficient use of the resources employed.

For example, the first unit

of output provided by a hospital will be expensive since the hospital
will have to hire some staff.

As more units of output are provided,

more efficient use is made of the available staff.

As output is

continually expanded, a point is reached where the marginal cost be
gins to increase at an increasing rate.

As output is increased beyond

point X, additional staff (and other resources) must be employed which
increases the marginal cost of producing the additional units of output,
Benefits and costs of most projects accrue over time.

Discounting

is used to take this time stream of benefits and costs and their se
quencing into account.

In discounting benefits and costs, the follow

ing formula is appropriate:
T
NPV
E
t=0

Bfc- Ct
t

(1+r)

where NPV is the net present value of the project (or policy), t is
the time period, T is the life of the project, and r -is the interest
or discount rate.

The term I/(l+r)6 weights the net benefit estimates

to take into account their temporal distribution with future years
receiving lower weights.

Benefits (B) and costs (C) are calculated

for each year and discounted to the initial time period (t=0). For
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example, suppose a project results in net benefits (B-C) of -10, 10,
and 30 for the three year life of the project.
count rate is five percent.

Further assume the dis

The net present value of this hypothetical

project is:
NPV

-10
--------

(I+.05)

,

+

10 -------

(I+.05)

,

+

’

30 -------

$26.88

■ (I+.05)

Note that the net present value is less than the addition of the nondiscounted net benefits due to the weighting of future benefits.

The .

results of this hypothetical example indicate .the project would be
desirable to undertake because the net present value is greater than
zero.
The discount rate reflects society's time preference and the rate
of return on the resources in alternative uses.^

Determination of a

discount rate to fulfill either of these requirements is difficult and
subject to debate.

Most cost-benefit studies present outcomes for a

range of discount rates, leaving the decision of which is appropriate
to the decisionmakers.
Net present value estimates are sensitive to the discount rate.
In the previous example of the discounting formula, a five percent
discount rate yielded a net present value estimate of $26.88.
of 10 percent results in a net present value of $23.88.

A rate

Comparing the

two calculations indicates that the net present value falls by $3 due
to the use of the higher discount rate.

This decrease would have been
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more profound if the time span were longer because the weight decreases
as higher discount rates are used.

Low discount rates give more weight

to the future stream of net benefits.

Therefore, the use of low dis

count rates tends to make the project appear more desirable if costs
are concentrated in the initial years and benefits in the latter years
of a projects life.

The converse is true for high discount rates.

Generally, there is a spatial distribution of benefits and costs
associated with a project.

The geographic area to be studied defines

the relevant benefits and costs.

For example, if the area is initially

assumed to be a given community, many benefits and costs will be ex
ternal to the community and the inclusion of these external effects is
unwarranted.

When the accounting stance is broadened to a larger area,

the new scope would contain some of the effects previously excluded.

ALTERNATIVE COST-BENEFIT FRAMEWORKS FOR EVALUATING CLOSURES

Cost-benefit analysis can be applied in a planning context, or it
can be used in a more complete economic framework.

The "planning

approach" applied to medical services' ignores the role of price in
determining the quantity of medical services consumed.

The planning .

approach assumes■the use of hospital services is a function of the
number of individuals and their characteristics.
suggests this formulation is not entirely correct.

Economic theory
The "economic

approach" recognizes that the quantity of medical services consumed
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is responsive to price.

Research suggests the non-profit hospitals

follow an average cost pricing scheme (Newhouse9 p. 65). ' Furthermore9
the average cost of providing hospital services declines as utiliza
tion increases (Finch and Christianson9 p. 28).

This research implies

that the price of medical services will fall if a neighboring hospital
closes.

An evaluation of hospital systems must consider both respon

siveness to price and changes in costs of services.

The "Planning Approach":

A Cost-Benefit-Framework

The planning approach of cost-benefit analysis is used to invest
igate the effects of a closure of a rural hospital.

The objective is

to evaluate the operation of two hospitals compared with that of only
one.
Health care planners and hospital planners base their decisions
on the population of the area under investigation.

Average utiliza

tion statistics for different services in conjunction with demographic
information establish the type of services.and the service levels
"needed" by the area's residents.

The number of patient days needed .

in an area is a function of the size of the hospital service area.
The number of beds needed depends upon the occupancy rate assumed.■
Cost-effective means of providing services then can be estimated once
the area's need is established.

Whether to use one or two hospitals

to provide the estimated patient days can depend on cost.
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The planning approach assumes I) the same quantity.of services
are needed regardless of the number of facilities, and 2) the services
provided by the two alternative systems will be identical.

Further

more, it is assumed that individuals in Community A use the facility
in their community and that Community B use their facility.

5

. All the

individuals are assumed to attend Hospital A if it is the only facility
in the area.
The evaluation of a closure using the planning approach is illus
trated in figure 2-3.
is

The quantity services "needed" by each community

and Qg in figure 2-3.

total area is Q^+g.
DA , Dg, and D^fg.

The quantity of services needed in the

The demand for each facility is represented by
The marginal cost of providing services are repre

sented by MC^ and MCg. . Panel C assumes that Hospital A remains open
and services the former patients of Hospital B which is closed.
The closure of Hospital B will result in net benefits of (B^-Cj)
- (B -C ), where the subscripts I and 2 represent each case.
2

2

The net

benefits resulting from the operation of only Hospital A are (B^-Cj).
The net benefits of operating both Hospitals A and B are (E^-Cg).
System I and system 2 provide the same gross benefits in this formula
tion.
Benefits are measured by the total willingness to pay and are
estimated by the area under the demand curves.

Since the same quan

tity of services are provided in either case, the total willingness to

PANEL A

PANEL B

PANEL C

H

o\

Panel A Community A's demand
for services in
Community A.

Panel B Community B 's demand
for services in
Community B.
Figure 2-3.

Panel C Total area demand
for services in
Community A.
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pay estimates are equal

and cancel each other out (B^ = B^). The

gross benefits resulting from one hospital are infinite, given the
tacit planning assumptions of vertical demand curves, as are the gross
benefits resulting from the operation of two hospitals.

Therefore,

net benefits resulting from the closure of Hospital B are determined
by the differences in.the social costs (C^ - C^) of providing the de
sired quantity of services under the two different systems.
The net benefits of the closure of Hospital B is the difference
between the cost of providing services by the two systems.' The oppor
tunity costs of the resources employed by Hospitals A and B are com
pared with the opportunity cost of the resources that would be employed
by Hospital A upon the closure of Hospital B.

The areas under the

respective curves in Figure 2-3 are the opportunity costs of the
resources.

Panels A and B represent the two-hospital system and

Panel C represents the continuation of only Hospital A.

The opportun

ity cost of the resources employed by Hospital A to produce the commun
ity's hospital care needs is the area under MG. evaluated at Q.
A
.
A.

The

area under MCg to Qg is the opportunity cost of the resources employed
by Hospital B.

Addition of these two estimates yields

, the social

costs of providing care with two hospitals.
The opportunity cost of the resources employed by Hospital A to
produce the desired service level when Hospital B is closed is C^.
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C 1 is provided by the .area under MG. in Panel C up to Q
J-

A

•

A+ J3

or Ca+ Ca.
A

A

With these estimates in hand, a first-round estimate of the net bene
fits resulting from the closure of Hospital.B can be obtained.

The

cost of operating two hospitals to provide the needed services (C^)
is. the simple addition of the cost of each facility.
.equals

plus C^.

Therefore, C '

Net benefits resulting, from the closure of Hospi

tal B are estimated by

;

NB closure = C0 - C 1
L
I
.
=

+ S

- <A ,

= Cg - cA

;

The net benefits of the closure are positive if C^ is greater
f
•
than C^. In other words, more resources.are employed by Hospital B
than would be used if Hospital A were to expand its output, to provide
■)
the services of Hospital B.

■

■

•

The first-round approximation of net benefits is the resource
savings of the hospital system resulting from a closure.

However,

the closure would impose additional costs.on society that are external
to the hospitals and not captured in the firstr-round approximation.
Individuals from Community B will have to travel to consume hospital
care after the closure.

The individuals and their visitors' will ex

pend, resources in the process and an estimate of the value of the
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resources consumed by travel should be used to correct the firstround net benefit estimate.
Greater travel time inherent with the closure of Hospital B will
result in another cost that is borne by Community B (assuming universal
risk aversion).

This is the cost of the increased risk or increased

probability of mortality and morbidity assumed by Community B.

Time

can be crucial in some accident and other general emergency cases.
For some routine care, the increased travel time will have a relatively
insignificant effect on this risk.
Mishan provides a useful guide on the quantification of increases
in risk.

Risk can be broken down into four different types:

I) vol

untarily assumed risk, 2) direct involuntary risk, 3) indirect or
derivative risk, and 4) psychic risk.(Mishan, pp. 310-315).

Volun

tarily assumed risk does not present a problem since it is reflected
in the demand for a product consumed.

Direct involuntary risk is

imposed on individuals as a result of a public policy.

An.example

would be the involuntary closing of Hospital B which forces Community
B to assume increased risk.

Derivative or indirect risk would arise

from the financial aspect associated with the death of a family member
or employee.

Finally, psychic risk involves concern by others for

individuals who are placed in a more risky situation.

For example,

parents of individuals in Community B may worry about the effects of
the closure of Hospital.B on their sons and daughters.

Ideally, all
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of these components of risk should be measured, and included in the
analysis.

Indirect and physic risks can not be quantified.

tarily assumed risks are reflected in prices.

Volun

Thus, direct involun

tary risks are the only type remaining.
The concept of involuntarily, assumed risk is illustrated by an
individual who chooses among risky alternatives.

Casual observation

and empirical research indicate that people possess indifference curves
for risk and money (Thalor and Rosen, Mishan, Acton, 1976).

Suppose

the individual has an indifference map for risk and money as shown in
Figure 2-4.

The shape of the indifference curve indicates that as the

risk of death increases, the individual requires greater compensation
for assuming the risk.

The logic can be reversed to determine the

willingness to pay to avoid risk.

Figure 2-4 also illustrates that

a sum of money does not exist that would compensate the individual for
certain death.

On the other hand, people are not willing to pay the

large amounts of money that probably would be necessary to avoid all
risk.
An individual's willingness to pay to avoid risk can theoretically
be measured from the indifference curve.

For example, suppose the

individual's subjective risk of death was increased from the proba
bility of X to Y.

Given the shape of the curve, one can conclude
I *
the individual would pay Y - X
to avoid this risk.
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Risk Prob.

Greater
Prob. of
Death

$ (or wealth

The estimation of the cost of risk is, at best, on shaky ground
given the present state of the art.

Approaches used to place a value

on loss of life, such as the discounted present value of production
lost, discounted value of net output, and life insurance are all un
satisfactory.^ The method presented is the only theoretically consis
tent method (Mishan).

Application of this method rests on individual

preferences to determine the shape of the indifference curve and the
subjective probabilities.

Even if the method can be successfully

applied, it measures the willingness to pay to avoid direct involuntary
risk.

The remaining two components, indirect or derivative risk and

psychic risk, are not quantified and possibly could be substantial.
Explicit estimation of this area of costs will not be attempted.
However, the possible costs associated with increased risk will not be
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totally ignored.

Net benefit estimates of a closure (exclusive of

the costs imposed by risk) can provide an estimate of what the will
ingness to pay to avoid risk would have to be for net benefits to
equal zero.

For example, suppose that net benefits from a hospital

closure are calculated to be $5,000, ignoring risk.

In this case,

the willingness to pay to avoid the risk would have to be at least
$5,000 to make the closure undesirable.

More information can be pro

vided by the net benefit estimate ignoring risk.

Risk can be reduced

by devoting resources to more and better equipped ambulances.

In

creasing the number of ambulances can decrease the response time which
essentially would decrease the probability of death and the degree of
pain and suffering for rural patients.

Better equipped ambulances can

provide patient monitoring, oxygen and other services which would help
stabilize the patient in transit to a hospital.

The dollar value of

these increased resources can be obtained and then compared with the
net benefit estimate ignoring risk to investigate whether net benefits
are large enough so that Community B could be compensated for the in
creased risk by the purchase of additional ambulance services.
Health care planning uses the assumptions which have been dis
cussed.

A cost-benefit framework can be formulated to be consistent

with these assumptions.

The framework involves estimating the cost

savings that would accrue from a one hospital versus a two hospital
system.

Additional costs of a closure involve travel and risk costs
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imposed on individuals in Community B.

Quantification techniques

will be suggested for valuing these additional costs.

The "Economic Approach":

A Cost-Benefit Framework

The economic approach to the application of cost-benefit analysis
to hospital closures assumes that the quantity of medical services
consumed is responsive to price and that the price should decline in
the remaining hospital due to the closure.

There is no reason to

assume that the quantity of hospital services provided after the clo
sure will equal the quantity provided by the two hospitals combined.
The gross benefits of the different hospital systems must be consid
ered in the economic approach because of these considerations.
. The gross benefits of hospital services are dependent on the
quantity.of services consumed which, in turn is a function of the price
of the services.

Insurance is an important determinate of the price

of hospital services.

People with insurance pay only a fraction of

the administered price for hospital services (Pauley, p. 535,
Feldstein, p. 854).

Two individuals with identical demands may

consume different amounts of hospital services because of insurance.
Assume that one individual (X) has no insurance and the other (Y) is
completely insured.

The direct price to individual X per unit of

hospital service is the administered hospital price.

The hospital

price to individual Y may be zero due to insurance coverage.

The
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insurance premium is a constant amount regardless of the number and
types of illnesses.

Under these conditions, individual X will con

sume fewer services than individual Y.

Therefore, the aggregate

quantity of medical services consumed will be a function of the
administered price of the service and insurance coverage.
The economic approach suggests each community's demand for
hospital services should be somewhat responsive to prices and that
the price should fall in Hospital A after the closure of Hospital B.
Assume all this information is known and can be presented graphically,
as in Figure 2-5.

In Figure 2-5, D^, Dr5 and D ^

r

_ 0 represent the

demand curves for care in Community A, Community B, and Community A
after the closure of Hospital B, respectively.

The curves labeled

MCa and MC r represent the marginal cost of providing services in each
community.

Pa and Pr represent the average price paid by consumers

and reflects the insurance coverage of the communities.

Pa represents

the new price to all area consumers after the closure of Hospital B.
The quantification of net benefits resulting from the closure of
Hospital B in this formulation is similar to the approach used in the
proceeding discussion.

The fundamental difference is that gross bene

fits must be taken into account.
cancel in this formulation.

There is no reason to assume they

Therefore the net benefits resulting

from the provision of services in two communities are equal to each
community's willingness to pay for the services minus the opportunity

PANEL A

PANEL B

Quant
Panel A
Community A's
demand for services
In Community A.

PANEL C

Quant.
Panel B
Community B's
demand for services
in Community B.

Figure 2-5.

Panel C
Total area's demand
for services in
Community A-
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cost of the resources used to provide the services.

After the closure

of Hospital B, the net benefits that accrue through the provision of
services in Community A is a comparison of the total area's willing
ness to pay for these services and the opportunity cost of the re
sources.

The net benefits from the provision of services in

Community A, given that Community B is providing services, are
estimated by the willingness to pay for these services (ABQ^D in
Panel A of Figure 2-5) minus the cost of providing those services
(DCQ^O), that is, net benefits equal to ABCD.

Similarly, the net

benefits of providing services in Community B are estimated by EFGH
in Panel B.

The net benefits of services in Community A after the

closure of Hospital B are estimated by XYZW.

To determine the net

benefits of closing Hospital B, the net benefits that occur under the
two hospital system must be subtracted from the net benefits when only
Hospital A is in operation.

This estimate is XYZW - (ABCD + EFGH).

Travel costs and risk costs resulting from the closure of Hospital B
should be included in the estimate of the net benefits of a closure.
After this modification net benefits equal to (XYZW - TC
(ABCD + EFGH) where TC^ and

-r R ) -

equal the travel cost and risk cost

estimates. ■
The calculation of net benefits can be altered somewhat if insur
ance reduces the price of services to the community below P in
Figure 2-6.

In the previous discussion, the price to consumers was
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Quantity
Figure 2-6.

Net Benefits Under Differing Degrees
of Insurance Coverage.

assumed to be CP and net benefits were estimated by ABCD.
that insurance reduces the price to CF'.

Suppose

In this case, gross benefits

are estimated by AGQ*0 and the opportunity cost of the resources used
to produce the Q* services is estimated by DEFG.

Therefore, net bene

fits are approximated by AED - EFG (Pauly, p. 534).

The additional

costs of producing the marginal units exceeds the additional benefits
from their consumption and EFG must be included.
This economic approach also identifies gainers and losers from
the closure of Hospital B as in Figure 2-7.

Individuals in Community A
O

benefit unambiguously due to the price reduction in Hospital A.

The

PANEL A

Community A's demand
for services in
Community A

PANEL B

Community B's demand
for services in
Community B

Figure 2-7.

PANEL C

Total area's demand
for services in
Community A
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price of services decreased from

to

in Panel A leading to an

increase in consumer surplus equal to the shaded area.

If the price

reduction is greater than the risk and travel costs (if P^ - P^ is
greater than TC + R), then people in Community B will benefit from
the closure.

If risk and travel costs exceed the price decrease, then

these individuals lose as a result of the closure.

The outcome will

depend on empirical Evidence.
- The economic approach provides a realistic picture of the net
benefits resulting from a hospital closure.

Due to the generality of

the economic approach, it will be used to estimate net benefits.

In

the concluding chapter the results of the two different formulations
will be compared.

Potential Modifications
Demand functions were proposed as tools for estimating the will
ingness to pay for a given quantity of hospital services.

Biased

estimates of willingness to pay may be obtained if the demand curves
do not represent the demand of well-informed consumers.

A fully

informed individual would have as much information on the procedure's
costs and consequences as is available.

However, many consumers do

not fully understand the consequences of their illness or the outcome
of the prescribed treatment.

Furthermore, medical services are not

repeated purchases as are many consumption goods and the ability to
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learn from experience Is reduced, as are the gains from obtaining the
information.

9

The observed demand will be influenced by physicians'

preferences resulting in an overestimate of the consumers willingness
to pay.
The use of marginal cost to estimate,the social cost of providing
medical services can produce a biased estimate.

Marginal cost was used

to approximate the opportunity cost of the resources used to produce
the hospital services.

First, marginal cost may differ from social

cost because hospitals are not profit maximizers.
sources may be combined in an efficient manner.

This implies re- •
The value of the

contribution to the final product of the resources may differ from
the price paid for those resources.

Furthermore, the connection be

tween marginal cost and social cost rests on the assumption that input
markets function perfectly.
economies.

This assumption may break down in rural

The resources used to produce hospital services may not

have their next best alternative within the community and may be inmobile.

Additional costs will be imposed on society.

For example,

suppose a nurse is unemployed by the closure of Hospital B.

Costs

are not imposed on society if the nurse is reemployed at the same
wage.

The closure will result in a direct loss of income to Community

B if the workers are not reemployed at equal wages in that community.
Specialized labor, such as the hospital's professional staff, may be
reemployed at a lower wage or may move.

This direct loss of income
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would result In indirect income losses to retail establishments and
service industries.

Net benefits estimated at the community level

would have to be corrected to include these costs.

However, there

would be a redistribution of economic activity from Community B to •
other areas assuming that workers are reemployed in other health care
facilities.

The use of a broad accounting stance implies the gain of

other areas will cancel to loss to Community B.
Community B could suffer an income decline even if all the freed
workers are reemployed within the community.

Patients and visitors

would no longer be spending money within the community and businesses
would suffer income decline.

In general, the closure of Hospital B

would decrease the long-run viability of the community.

Extension

of the accounting stance would capture the cancelling income gains to
other areas.

For example, Community A would experience increased

incomes due to the transfer of spending from Community B, which can
cel at least partially this component of lost income.
Thus far the hospital building has been ignored.

Obviously, when

Hospital B is closed the building would no longer be used for a hospi
tal.

The cost of the building is not a relevant concern.
Non-relevant costs are past costs, i.e., costs that have
been incurred to implement the existing program. Past costs,
costs that have been incurred, are called sunk costs. Sunk
costs are irrelevant for future decisionmaking (Smith and
Dittman, p. 27).
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Nevertheless5 the hospital debt does deserve some attention.

The

construction of hospitals usually requires borrowing to cover capital
expenditures.

The construction costs are usually bond financed.and

presumably the outstanding debt would have to be repayed if the hospi
tal were closed.

The repayment can be ignored in most cases when a

national accounting stance is used.

The debt liquidation results in

a transfer from Community B to the bond holders when the debt is repayed and should not be included.

However5 if. the accounting stance

was centered on Community B the debt repayment would enter into the
cost calculations when the majority of the outstanding bonds are held
by individuals outside of the community.

Summary
This chapter presented two different cost-benefit approaches to
evaluate the net benefits resulting from the closure of a rural hospi
tal.

The final formulation presented —

the economic approach —

involves comparing the willingness to pay for hospital services with
the opportunity cost of providing the services by two hospitals versus
one hospital.

Other important costs were identified.

These include

I) travel costs expended by individuals after the closure of their
hospital, and 2) the cost due to involuntarily assumed risk.

Further

more, the distribution of the benefits resulting from the closure were
examined.

It is expected that individuals in Community A will benefit

as a result of the closure of Hospital B due to the reduction in the
price of hospital services.
in Community B.

This may or may not hold for individuals

The price reduction must be compared with the result

ant increase in risk and travel costs.

It is also expected that there

will be a redistribution of economic activity away from Community B
due to the closure of their hospital in the long run.

This should be

included when the accounting stance is centered on Community B.

Chapter 3

ESTIMATION PROCEDURE

The estimation procedure in this chapter will be developed as
though one of two hospitals in an.area will close.

In reality, a

closure likely would affect more than two hospitals.

Displaced con

sumers may have a choice among a number of hospitals and empirical
analyses must be consistent with the range of choices.

Nevertheless,

the methodology developed in this chapter can be applied to as many
hospitals as is necessary.
The estimates of benefits and costs of hospital closures in- .
yolves three critical variables; a measure of the quantity of hospital
services, demand for hospital services, and costs of hospital services
This chapter will develop these critical measures and apply them to
the case of the closure of one of two hospitals in an area.

The Quantity Variable
The quantity of hospital services will be measured by patient
days in this analysis.

This variable is I) consistent with other

empirical estimates that will be employed, and 2) is consistent with
readily available hospital data.
fill these requirements are:

Other approaches which do not ful-

10

1.

Intermediate inputs

2.

End results or health levels
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3.

Episode of illness

4.

Health services

5.

A composite of one or more of the above

Certain problems are still evident when patient days are used as
the quantity variable in the analysis.

Each patient day will consume

varying proportions of admission-specific, stay-specific, and diagno
sis-specific services which will make the cost per patient day differ
within and across hospitals.

Admission-specific services are indepen

dent of the diagnosis and length of stay.

Examples are blood and other

tests which may be required shortly after admission.

These tests and

the inherent clerical work make the first day of hospitalization rela
tively expensive and patient days will not accurately reflect these
services unless turnover is explicitly concerned.

However, the hospi

tal cost functions that will be employed in this analysis control for
turnover and should capture the effects of these services on hospital
costs.

Stay-specific services and the cost of these services are

adequately captured by patient days.

Diagnosis-specific services are

largely determined by the suspected diagnosis and the severity of the
patient’s condition.

Different diagnoses demand different services

and treatments; more heterogeneous diagnoses imply more heterogeneous
patient days.

Services among rural hospitals are much more homogeneous

than in the hospital system as a whole.

Furthermore, the cost func

tions control for the services offered and should somewhat control for
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the differing case/mix of the hospitals under investigation.

There

fore, patient days are a reasonable approximation of output for use in
this study.

The Demand Curves
The specification of.demand functions allow the estimation of
gross benefits and the calculation of price changes that come about
due to hospital closures.

The quantity consumed by each community can

be determined with reference to the total number of patient days pro
vided by each hospital.

To determine a point on the demand curves, an

average price per patient day paid directly by consumers is needed.
The administered price can be approximated by the average revenue per
patient day, excluding non-patient generated revenues.

An approxima

tion of the insurance coverage of the community is the proportion of
hospital patient revenues obtained through direct payments from con
sumers, rather than third parties.

The proportion of the total bill

ings actually paid by patients is difficult to determine and a range
of values will be used to approximate the community's insurance
coverage.

The copayment rates that will be used are 5 percent, 15

percent, and 25 percent.

This range should cover the actual insurance

coverage and will illustrate the sensitivity of the results to the
assumed copayment rate.

Multiplying these proportions by the admin

istered price gives an approximate price faced by community residents
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(Feldstein, p. 859).

The use of this estimate in combination with the

observed patient days provided by the community yields a point on each
community’s demand curve for hospital care.
The shape of the demand curve is critical for the estimation of
willingness to pay and price changes resulting from a hospital closure.
Figure 3-1 illustrates the sensitivity of price, hence total willing
ness to pay, to the slope of the demand curve for hospital services in
Community A.

Total willingness to pay is estimated by the area under

the demand curve up to the quantity consumed.

The demand curve D^,

provides an estimate of ACQ^O and the demand curve
mate of BCQ^O for willingness to pay.

yields an esti

Comparison of the two estimates

illustrates the sensitivity of total willingness to pay to assumptions

A

Q. Patient days
Figure 3-1.

Total willingness to pay by Community A given
two alternative slopes of their demand curve.
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about the slope of the demand curve.

Assume, for example,, that

accurately reflects the demand curve for services at Hospital A.
Estimation of gross benefits of Hospital A using D
mate benefits of the hospital by ABC.

would overesti- ■

In general, a steeper slope

yields higher estimates for willingness to pay.
Price elasticities provide information about the slope of demand
curves and can be used to construct linear demand curves.

The price

elasticity of demand is defined as the proportional change in quantity
purchased divided by the proportional change in price and measures the
responsiveness of quantity demanded to a price change.
price elasticity,

Mathematically,

, is given by:

1N v = Ax /x/AP /P = AX
==
' = =
AP

. ^x
-X

where Ax represents the change in quantity demanded and AP^ is the
change in price.

Given price elasticity estimates and a point on the

demand curve, the slope of the demand curve can be estimated.

For

example, assume the price elasticity and initial price-quantity rela
tionship is known.
slope,

Algebraically, the formula can be solved for the

Ax

, of the demand curve,
x
The literature presents various price elasticity estimates for

medical care, in general, and hospital care in particular.

Estimation

of the price elasticity for medical care is complicated by the lack of
well-defined quantity and price variables.

These variables ideally
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should be specified to reflect consumer.preferences and the price,
consumers perceive.

Various approaches are used in the literature.

Davis and Russell (Davis and Russell, p. 109) estimated price
elasticities for both inpatient and outpatient care.

Aggregate state

level data (1969) from .48 states were used as a basis for the study.
The quantity variables, used for estimation of inpatient price elas
ticities were admissions and mean length of stay.

Inpatient revenue

per patient day, inpatient revenue per admission, and an average room
charge were used to specify the price variable.
yielded different results, as would be expected.

Each price variable
Estimation with in

patient revenue per patient day as the specified price variable re
sulted in a statistically insignificant coefficient.

The-use of

inpatient revenue per admission resulted in an elasticity estimate of
-0.32.

The room charge proxy for price resulted in an elasticity

estimate of -0.46.
Martin 'FeIdstein (Feldstein, p. 853) used aggregate state data
for the period 1958-1967 as the basis for his study.

Constant price

elasticities were estimated for mean length of stay and admissions
taking into account the role of insurance.

The price to the consumer

was defined as the ratio of average net price to average gross price
to capture the effects of insurance.

The estimated elasticities were

-0.63 for admissions and -0.49 for mean length of stay.
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Rosett and Huang (Rosett and Huang, p. 281) used individual data
from the 1960 Survey of Consumer Expenditures to estimate elasticities.
These data consisted of the expenditures of approximately 10,000 urban
and rural households and, therefore, differed from the aggregate data
used in previous studies.
ferent

Moreover, Rosett and Huang employed a dif

approach in defining the quantity variable.

Their proxy was

expenditures on hospitalization and physician services.

The price

variable used was the net of insurance price to consumers.

The esti

mated price elasticities ranged from -0.35 to -1.5 with coinsurance
rates of 20 and 80 percent, respectively.

It appears that as the

portion of the bill payed by consumers increases the demand for med
ical care becomes more elastic; that is, quantity demand becomes more
responsive to price changes.
Phelps and Newhouse (Phelps and NewhoUse, p. I) obtain different
price elasticity estimates using methodology similar to that employed
by Rosett and Huang.

Quantity was measured by patient days.

surance range of zero to 25 percent was used for estimation.

A coin
The lower

coinsurance rates resulted in an arc elasticity of -0.07 for patient"
days.
Phelps and Newhouse (Phelps and Newhouse, 1974, p. I) offer dif
ferent price elasticity estimates in a more recent study.

Employing

data collected by a 1963 survey conducted by the Center for Health
Administration, the price variable was defined as the difference
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between gross price and net price paid and the dependent variable was
defined as expenditures.

The estimation resulted.in elasticities of

-0.13 to -0.29 for hospital length of stay, depending on the estima
tion technique used.
The estimation of gross benefits of each hospital will be under
taken for various assumptions about the slope or price elasticity of
the demand curve.

A range of elasticities will be employed that cover

most of the empirical work.

The arc elasticity of -0.07 (Phelps and

Newhouse, p. 7) is used for the upper bound gross benefit estimates.
Middle and lower bound estimates will be obtained using elasticities
of -0.25 and -0,50, respectively.

These elasticities allow the use of

the following formula for the calculation of gross benefits:'*''*"

GB- %

P 1Q 1

—

+ P 1Q1

where P^ is the estimated price to consumers,

is the quantity con

sumed and N is the assumed price elasticity of demand.
linear demand curves can be estimated algebraically.

Furthermore,
This will be

useful for estimating the demand for the remaining hospital after the
closure.

Marginal Cost Functions
The area under the marginal cost curve provides an estimate of
the opportunity cost of the resources employed to produce hospital
services.

These functions are needed to estimate the cost savings
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resulting from a closure.
this information.

Finch and Christianson indirectly provide

Their study investigates the average cost per pa

tient day of rural hospitals in five western states -- Montana,
Wyoming, Idaho, Utah, and Nevada —

over the years 1971-1979.

Using

quadratic and logarithmic specifications, they estimated average cost ■
per patient day controlling for variables such as the number of beds,
occupancy rates, the year and services provided by the hospitals.
These average cost functions can be used to obtain marginal cost
functions.

The steps are illustrated for the quadratic specification.■

Define average costs as:
I)

AC = a0 - S1U + a2U

2

where a^ is defined to be the combined effects of the number of beds,
the year, and a host of other variables representative of the hospital
and U represents the hospital's occupancy rate.

The estimated coeffi

cients for the utilization and utilization squared are a^ and
respectively.

The occupancy rate variable can be converted to patient

days using:
2)

U

TPD
365
S

census
beds

where S equals the number of beds and TPD equals total patient days.
Substitution of this identity into the model yields:
a. PD
3)

AC = a„ -

0

+

S 365

. a .PD
2

(s 365)2
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The next step is to convert average cost per patient day to total
cost.

This is accomplished by multiplying the equation by patient

days:
a
4)

AC(PD) - TC,- A0PD

PD

a

-

PD

+.

.

The marginal cost function is obtained from the total cost function
by partially differentiating total cost with respect to patient days:
5)

MG

8TC
3PD

2a
ao -

PD
I
S 365

,
+

,2
3ao PD
2___
(S 365)'

An estimate of the opportunity cost of the resources used to produce
hospital services is provided by the area under the marginal cost
function.

Mathematically, the estimate is provided by:
TPD

Za1-PD

+

(S 365)

=

TPD

V pp2

3

dPD

(S 365)2

Za1TPD
,
I____. +

3a. TPD2
2_____

2 (S)365

3 (S 365)2

This integral of the marginal cost function applied to each case
estimates the total cost of providing the specified number of patient
days by Hospital A, Hospital B, and Hospital A after B is closed.
The estimate obtained from the marginal cost function will be used
rather than relying on actual hospital data for a number of reasons.
First, the marginal cost estimate and the methodology used to obtain
the estimate are consistent with the cost-benefit literature.

Secondly,

I
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hospital cost data may potentially bias the analysis if costs differ .
from year to year due to unexplained factors.

Most importantly, the

estimates obtained from the marginal cost functions will be consistent
with the estimated total cost of providing services by Hospital A after
the closure which is unknown and cannot be obtained from actual hospi
tal data.
The estimation of net benefits from the operation of Hospitals A
and B is possible at this point.

The number of patient days provided

by each hospital can be ascertained from hospital data.

The price to

consumers.at each hospital can be estimated as described previously.
This information, in conjunction with the assumed price elasticities,
allows the calculation of net benefits resulting from each hospital:

NB. =
i

% P .PD.
---^— - + P .PD'.
N
l x

aOi

2aliPDi
2S.365
x

+ 3aZip0I

3(S 365)'

where the subscript i represents the hospital in question. The net
I
benefits to the communities from the operation of Hospitals A and B
are estimated by adding the net benefits resulting from each hospital.
It is also necessary to estimate the net benefits resulting from
the operation of Hospital A after the closure of Hospital B.
marginal cost function of Hospital A has been specified.

The

Considerable

attention needs to be given to determining the demand, for Hospital A
after the closure.
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'The Demand for Hospital A After the Closure of Hospital B
Estimation of the gross benefits resulting from the operation of
Hospital A after the closure of Hospital B depends on the new demand
curve for care in Community A.

The closure of. Hospital B should not

affect the demand curve for care in Community A by its previous con
sumers, assuming the quality of care is the same and the hospital does
not experience excessive crowding.

Attention must be devoted to the

effect of the closure on Community B's demand for hospital care, since
Community A's demand function should not change as a result of the
closure.
Assume the demand functions for each community are known, both
facilities offer the same services, and that locational considerations
are unimportant.

An estimate of the new demand function for care at

Hospital A may be obtained by summing horizontally the demand curves
for care in each community. ■ In Figure 3-2, assume' the two demand
functions are estimated to be Q. = a - b,P, and Qti = $ - b-P^ £
A
I A B
2 B for
hospitals A and B, respectively.
The new demand curve, D^+g, is formed by summing horizontally the
respective quantities that would be purchased at each price.
this procedure, the demand curve
cally, the same demand function is:

Q' - « + B - (b1+b2) Pa

is estimated by ABC.

Using
Algebrai
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A
P
P

I

C

Q
Figure 3-2.

The Area's Demand for Hospital A After the Closure,

for P < Pj and

for P > P j.

Notice the discontinuity at P^.

The slope of 1>A+B is

b j for prices greater than P^ and (bj+t^) for prices less than Pj.
This new demand curve should accurately reflect the differing
services provided by the two institutions, if the same services
assumption is dropped.

However, if Hospital A lacks some services

offered by Hospital B the horizontal summation will overestimate the
demand for care in Community A.

The previous consumers would have to

attend another hospital which offers the service or do without.

This

should not present a problem because the likely candidates for closure
will typically be low service level hospitals.
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Thus far locational considerations have been ignored.

The loca

tion of Community B in relation to Community A has important implica
tions about the demand for care of individuals of Community B at
Hospital A.

The closure of Hospital B implies that some individuals

in Community B will have to travel further to consume medical services
The increased travel time and its associated cost will act as an
alternative rationing device.

The negative effect that this can have

on the demand for medical services is well documented in the litera- .
ture.

Acton (Acton, 1975, p. 610) concludes that as the time price in

creases in relation to the out-of-pocket payment, demand will become
more sensitive to time prices.

For example, the demand for free med

ical care will be more sensitive to time price than will non-free
forms of care.

Furthermore, individuals with a high opportunity cost

of time will demand less time-intensive forms of care.
findings are supported by other research.

The general

For example, a 10 percent

increase in travel time to outpatient clinics among a low-income urban
group resulted in a 10 percent reduction in physician visits (Acton,
1973).

A group of largely middle-income individuals living twenty

miles from a clinic had only two-thirds the visits of those living
within five miles (Phelps and Newhouse, 1972).

When a student health

clinic was moved from an average 7.5 minute walk to a twenty minute
walk and students faced no money charge for their visits, visits fell
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by 40 percent (Simon and Smith, p . 64).

Furthermore, increased travel

time can alter the case mix of a medical facility.

Individuals who

are more sensitive to time price are those with more routine complaints.
Those with severe cases will be relatively insensitive to increased
time price (Simon and Smith, pp. 64-65; Ciocco and Altman).
Since the exact effect of the increased travel time (and reverse
Roemer effect) on Community B's demand for care is not known, a range
of new demand curves will be used.

The summation of the previous de

mand curves of the communities will be used for an upper bound estimate.
A lower estimate of the hew demand curve for care in Community A will
be obtained by summing Community A's original demand with a ten per
cent reduction in Community B's demand.
The increased travel time and its costs will alter the price
elasticity of demand for hospital services.

The increased time price

implies that the price elasticity will become less inelastic or the
demand curve will be flatter.

The reduction in aggregate demand due

to travel time should capture some of the effects on gross benefits
due to the altered price elasticity but no attempt will be made to
adjust for this directly.

Price Reduction Due to the Increased Utilization of Hospital.A
Assume the construction of a demand curve (of the total area) for
hospital services in Community A is completed.

The estimation of the
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area's total willingness to pay necessitates the establishment of the
price-quantity relationship that will result after the closure.

The

quantity of services demanded by Communities A and B depends on the
price that results after the closure.

The price of hospital services

in Community A needs to b e .approximated.
Finch and Christianson's (Finch and Christianson), model will, be •
used to predict the average.cost per patient day at Hospital A.

The

average cost estimate can be adjusted to reflect the insurance cover
age of the communities to estimate the new price to consumers. ■ To
estimate the price and quantity demanded, the demand function and the
cost to consumer function (adjusted AC function) must be solved simul
taneously.

This procedure will be used to approximate the price and

quantity that will be demanded under the different assumptions about
the new demand curve for care in Community A.

Assume the aggregate

demand function is of the following form:
1)
where

Q = a - B P

c

.

is the price to consumers at the time of purchase and Q is

the number of patient days.

It is assumed that the price to the.

consumers is some function of the average cost of providing hospital
services or:
2)

Pc = cPA = cAC = c [aQ - S1 Q + a ^ ]

•

where AC is the average cost function, c reflects the insurance
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coverage of the. community and

is the administered price.

These

two equations must be solved simultaneously to estimate the number
of patient days that will be consumed or:
3)

Q = a - Be [aQ - a^ Q + a2Q2]

Solving these equations simultaneously yields:
4)

a - Bca^ + (Bca^ - 1)Q - Bca^Q

2

= 0

This equation is solved for the positive value of Q, which is the new
number of patient days provided by Hospital A.

The price that results

is approximated by evaluating the average cost function at the new
quantity Q and the new price to consumers is P^ = c AC (evaluated at Q).
The estimated price and quantity of services combined with the
estimated demand curves allow the calculation of net benefits resulting
from the operation of one area hospital.

With this estimate in hand,

the approximation of the first round net benefits from the closure is
possible.

To obtain these estimates, the net benefits of two area

hospitals are subtracted from the net benefits to the area from the
operation of one hospital.

Attention is now turned to additional

costs not captured thus far because locational considerations have
not been considered except for its influence on the demand function
for hospital care.

Travel Costs
The closure of Hospital B will force some of its previous
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.consumers and visitors to travel greater distances for hospital care.
In the process, resources will be expended.

The resources used by

individual I can be approximated by:
TC. = 2 (w.h. + c.m.
i

i

.

'---

i

i

i
-J

where w^ equals the value of travel time; h^ is the time involved, c.
•is the cost per mile of operating the vehicle, and tin is the number of.
miles traveled one way.

The dollar value of the resources expended

by patients may be approximated by summing the formula over the number
of admissions to Hospital A of individuals of Community B.

The number

of admissions of these individuals may be obtained from the number of
patient days consumed and the mean length of stay.

To estimate the

value of the resources expended by visitors, the formula can be summed
over the number of patient days consumed by individuals of Community B.
This assumes a trip will be made for every day of hospitalization and
only by one individual.
The formula and its components warrant further discussion.

Be

cause time and operating costs per mile vary inversely, travel costs
are dependent on trip speed requiring assumptions on the speed trav
eled.

The assumed travel speed should represent the type and condi

tion of the roads each individual must travel.

Without a detailed

point of origin study, this is impossible to determine.

For the

purpose of this study, the difference in distance will be based on
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the extra travel involved to arrive at Hospital A from Hospital B. • If
the roads are interstate or good two-lane highways, it will be assumed
the speed traveled is 55 miles per hour.

Weather can be taken into

account by varying travel speed over the time of year.
The value individuals place on travel time must be investigated.
Research, using the implied value approach, has addressed this issue.
The implied value approach involves obtaining a direct estimate of the
value of time from observed behavior.

Individuals often have a choice

of alternative travel modes in their daily commuting decisions, each
with a different travel time and explicit cost.

The choice of a

travel mode reveals the individual's preferences for time savings
versus extra costs.

Observation of the differences in travel time

and costs allows the estimation of the trade-off between time and
money.
Beesley used the implied value approach to estimate the value
individuals place on travel time.

He found that '30 percent to 50

percent of the wage rates equals the implied value of time for these
individuals (Beesley, p. 182).

Other research (Vickerman, p. I;

Howe, p . .113) supports a range of 25 percent to 50 percent.

In light

of this discussion, ". . . it is recommended that estimates obtained
from a simple wage rate analysis be modified by.reducing this from
50 percent to 75 percent" (Anderson and Settle, p. 64).

Furthermore,

this component of travel costs depends on the number of •individuals
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per car making the trip.

For example, two individuals would expend

twice the time costs relative to the time cost of one individual.

The

upper bound travel cost estimates will assume that two people make each
trip and a lower bound estimate can be obtained by assuming only one
individual makes each trip.
To estimate travel costs, average wage rates for the community,
average speed, cost per mile of operating a vehicle, and the number, of
diverted patient days are needed.

Average community wage rates will be

approximated from county data on the number of employees and total pay
roll for the first quarter of 1978 (County Business Patterns).

The

average speed of travel will be assumed to be 55 miles per hour in all
the case studies.

Operating costs per mile estimates at 18 cents and

25 cents (AAA, 1979, p. 3) will be used for lower and upper bound esti
mates, respectively.

The number of diverted patient days will be deter

mined by the specifics of each case study.

Risk of Morbidity and Mortality
The necessity of travel by Community B will result in an increase
in the risk of premature death and pain and suffering.

To obtain a

direct estimate of Community B's willingness to pay to avoid this
imposed risk, the community's indifference curve between risk and
money and the change in the probability or morbidity and mortality
would have to be estimated.

Questionnaires can be designed to obtain
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data to -estimate the indifference curve of the community (Acton, 1976,
Schelling).

However, an accurate estimate of the actual increase

in risk is difficult to obtain so the actual estimation of this compon
ent of cost will.not be undertaken.

If the.costs imposed by,a rural

hospital closure exceed the benefits generated inclusive of all other
categories, the closure is undesirable and this component of. cost would
support further that conclusion.

On the other hand, if the benefits

exceed the costs, ignoring risk,' the question of whether the gainers
from the closure could compensate the losers with the.purchase of am
bulance services will be addressed.

Estimation of the Net Benefits of a Closure Using the "Planning Approach1
Chapter 2 presented two different formulations that can be used to
approximate the net benefits of a'closure.
planning approaches.

These were the economic and

The previous discussion outlined the necessary

parameters that must be used to estimate the economic formulation.
With this completed,.attention will be devoted to the planning model
which will be used for a comparison of ,the results of the two different
formulations.
The key assumptions of the planning model are:. I) the communities
and the area need some preconceived service level, 2) the services are
homogeneous across alternatives, and 3) prices of the services are, un
important in consumer decisions.

The assumptions imply that the gross
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benefits accruing through the provision of hospital services can be
ignored.

The gross benefits that result from the closure are simply

a sum of the gross benefits resulting from the two facilities.
fore, demand curves for hospital services can be disregarded.

There
The net

benefits resulting from a closure in this formulation are the resource
savings that, would result under the one hospital system, corrected for
travel and risk costs imposed on the community with the closed hospital.
In order to implement the planning model, marginal cost functions
for Hospitals A and B are needed to provide an estimate of the re
source savings that accrue as a result of a closure.

First, the mar

ginal cost functions are used to estimate the opportunity cost of the
resources used by two hospitals to provide the existing service
levels, as in the economic model.

An upper bound estimate of the cost

savings is provided by comparing this estimate with the opportunity
cost of the resources that would be used by Hospital A to provide the
same service level to the area.

This is estimated by the marginal

cost function at Hospital A evaluated at the new output level, which
is the sum of the old outputs.

Planners, however, may view a lower

service level as the likely outcome from a closure due to the reverse
Roemer effect.

For. example, McClure provides an estimate that a 10

percent reduction in bed capacity will induce approximately a four
percent reduction in patient days at current use and bed levels
(McClure, p. 30).

This estimate, in conjunction with information on

-56the area's hospital system, can be used to provide a lower bound
estimate of the cost savings.

Travel and risk costs would correct

these estimates for additional costs not captured by the first-round
approximation. The method for quantifying the costs was presented
previously and can be used here also.
This chapter presented estimation procedures for evaluating the.
effects of a rural hospital closure.
economic and planning models.

Two models were presented, the

The economic model will be used to

estimate the net benefits of the hypothetical closures of three rural
hospitals.

These results will be compared with estimates of net bene

fits obtained by using the planning methodology.

Many assumptions

were, made to bound the estimates to illustrate the sensitivity of
net benefits to these assumptions.

Table 3-3 summarizes parameters

that will be varied in the process of estimating the net benefits
of a closure.
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TABLE 3-1
VALUES ASSUMED FOR ANALYSIS
Level of Assumed Values
Item
Price Elasticities
Proportion of Total
Billing Paid Directly
by Customers
Marginal Cost Function
Demand Function After
Closure

:

High

:

Medium

:

Low

-.07

-.25

-.5

25

.15

5

Quadratic

Log

Addition of
Previous
Functions

All of A'^
demand plus
90% of B's

Travel Cost
No. of individuals/car
Value of time
Cost per mile

.2

I

50% of Wage
25t

.

25% of Wage
18f

Chapter 4

APPLICATION OF THE COST-BENEFIT FRAMEWORK

This chapter applies the economic framework to four types of
hospital systems.

The first example will present an actual closure.

.

The remaining examples will make use of artificial variations of the
actual case to identify factors influencing the net benefits of a
closure.
•x

Example I;

The Actual Case

Hospital B in this.example has 34 short-term acute care beds.
The average occupancy rate of the facility was 39.4 percent in the
year under investigation.

The hospital provides specialized services

that are typical of many rural hospitals:

intensive cardiac care,

pharmacy, blood bank, inhalation therapy, and emergency services.
Hospital B was chosen for this study for a number of reasons.
First, Hospital B and its alternative facility are the only facilities
in their respective communities which provide short-term acute care.
Therefore, the application of the framework developed is relatively
simple to apply to this case.

Secondly, the low occupancy rate of

Hospital B makes it a likely candidate for a closure.

The alternative

facility is located approximately 90 miles away from Community B.
has a relatively high occupancy rate which, in conjunction with the

It,
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distance between facilities, provides an example of the closure of a
rural hospital where it is anticipated that new benefits will be small.
Hospital B is located in a town of approximately 3,000 individuals.
The county population was roughly 16,000 in 1975, which translates to
four individuals per square mile.

The county, population declined 12.7

percent from 1970-1975 (City County Data Book, 1977).

However, the

county population grew by approximately 45 percent during the 1960s
(Table 4-1).
mining.

The major industries of the area are forest products and

The county unemployment rate was 10.3 percent in 1970 compared

with the state average of 6.2 percent for the same period.
Hospital A, the alternative facility to Hospital B, is a rela
tively large rural facility with 91 short-term beds.

It offers virtu

ally all services with the ^exception of very specialized services such
as an organ bank and an open-heart surgical facility.

Therefore, this

facility has the service offerings to treat all of the patients re
ceiving care at Hospital B.

The average occupancy rate was approxi

mately 78 percent for the year under investigation.
County A has a 1975 population of approximately 13,000 individuals.
From 1970-1975, the county population increased by roughly two percent
(Table 4-1).

The county population fell approximately 10 percent in

the decade of the sixties.
products and tourism.

The major industries of the area are forest

The county unemployment rate was near 10 percent .

in 1970.
)
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TABLE 4-1
COUNTY STATISTICS

Item

:

Unit

County B

Land Area

sq.mi.

3,714

5,137

Population in 1975

number

16,372

12,925

Pop. Density

sq.mi.

4

3

Pop. Over 1965

percent

.7.2

15.2

Pop. Change 1970-75

percent

-12.7

2.0

Net Migration 1960-70 percent

-18.8

-1.1

County A

1960-70

percent

44.1 ■

Unemployment in 1970

percent

10.3

Per Capita Income
in 1974

percent

3,947

3,894

Median Family Income
in 1969

percent

9,711

8,567

Physicians in 1975

number

8

62

Pop. change

Source:

T h e City C ounty D a t a Boo k

(1978).

10.0
9.8
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The net benefit estimates suggest that policies to promote the
closure of Hospital B would not be desirable.

The final net benefit'

estimates, inclusive of risk compensation and travel costs, ranged
from $177,248 to a low $-195,586 (Table 4-2.).

The results obtained

using the quadratic specification were negative ignoring the addi
tional costs.

All of the net benefit estimates were negative except

for the high demand estimate adjusted using the lower bounded costs.
In reality, this positive net benefit estimate could be reduced fur
ther.

The closure of Hospital B in this example resulted in a pro

jected occupancy rate of approximately 90 percent, implying Hospital A
might react to the closure by adding additional services or personnel.
This would increase the cost and further reduce the net benefits of
closing Hospital B.
The net benefits of Hospital A after the closure of B were
sensitive to the assumed copayment rates and price elasticities, with
the greatest net benefit estimates occurring for the price elasticity
of .07 and copayment rate of 25 percent.

Discussions with various

hospital administrators concluded that a copayment rate of 15 percent
best reflects the prevalent insurance coverage.

Furthermore, the price

elasticity of .07 appears to be the best estimate of this parameter.
The "most likely" net benefit estimates of the closure making use of
these two parameter values, are presented in Table 4-2, line 5.

TABLE 4-2
SUM M A R Y OF T H E RESULTS OF EXAMPLE I

Row :

Case

I
2
3
4

Net Benefits of B
Net Benefits of A
Net Benefits of A & B
Hospital A, After the
Closure of B ■

5

Net Benefits of
Closure

6

'■ Travel Costs*

7

Net Benefits adjusted
for travel costs

8

Ambulance Cost

:Demand and Travel Assumptions
e = .07,c = .15
e = .07,c = .15
a. High, (e=.07,c=.15,
no reduction)
b. Low, (with reduction)

:
:

Log

Cost Function
: Quadratic

90,655.90
1,709,258.30
1,799,914.20
2,217,087.00

$

423,338.00
3,456,744.10
3,880,082.10
3,479,404.70

2,053,123.60

3,373,698.30

a. High, (4a - 3)

417,171.80

-400,677.40

b. Low, (4b - 3)
a. High, (high T.C., reduction
in demand)
b. Low, (low T.C., no reduction in demand)
a. High, (5a - 6b)

253,209.40

-506,383.80

b. Low, (5b - 6a)
a. High, (Complete System)
b. Low, (I ambulance)

353,795.52
220,923.51
196,248.29
-100,586.12
95,000.00
19,000.00'

*High and low travel costs are consistent with the demand estimates used to calculate
the net benefits of the closure.
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Comparison of these results illustrates the importance for net
benefit estimation of the true nature of the underlying cost functions
for the provision of rural hospital services.

Since the logarithmic

average and marginal cost functions decline throughout, the additional
cost of adding a patient day always is less than the previous.

On the

other hand, the quadratic average cost function reaches its minimum
value at an occupancy rate of approximately 73 percent and the minimum .
of the marginal cost function is at an occupancy rate of approximately
48 percent.

The quadratic specification results in an increasing cost

of adding patients even at low occupancy rates.

This explains the dif

fering results obtained by the use of each cost function.

The occupancy

rate of Hospital A was initially 78 percent, which is in the range of
increasing marginal costs using the quadratic specification.

After

closure of Hospital B, Hospital A's occupancy rate increased to 93.2
percent using the logarithmic cost function and 94.4 percent using the
quadratic specification.

It is difficult to judge which net benefit

estimates are the most realistic.

However, the logarithmic specifica

tion seemed to do a better job predicting the initial cost per patient
day.

Furthermore, the logarithmic specification resulted in a slightly

better statistical fit of the original sample of rural hospitals from
which it was estimated (Finch and Christianson, p. 28).
Further adjustments in the net benefit estimates are necessary to
reflect travel and risk costs borne by individuals in Community B as a
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result of the hospital closure.

Both positive net benefit estimates

were adjusted to reflect the travel costs of patients and visitors.
High and low travel cost estimates were calculated as $61.07 and $36.94
per trip, respectively.

Community B's demand equations and the new

price estimates were used to estimate the number of patient days that ■
would be consumed by Hospital B patients at Hospital A after the clo
sure of B.

These patient day figures indicate the number of trips

made by visitors from Community B.

The number of trips made by pa

tients also was calculated assuming that the average length of stay
at Hospital A would remain constant after the closure.

.The number of

admissions to Hospital A by residents' of Community B was calculated
by dividing the patient days consumed by the average length of stay
at Hospital A before the closure.

The estimated number of admissions

allows the approximation of travel costs of patients of Hospital A
from Community B.

The travel cost estimates were used to adjust the

initial net benefit estimates (Table 4-2).

The inclusion of travel

costs reduced the high net benefit est.imate to $196,248.29 and the
low estimate to $-100,586.12.
The remaining adjustment to the net benefit estimates reflects the
cost of reducing the risk resulting from the closure of Hospital B.
The additional risk can be reduced by improving the county ambulance
service.

Assume, for example, the community were to add a fully

staffed service with a paid Emergency Medical Technician available
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24 hours a day, two additional ambulances, a VHF communication system
and a new building to its current ambulance service.

Assuming each

vehicle averages 11,000 miles per year, it has- been estimated this
system would cost $95,000 per year to operate, including interest and
depreciation costs (Doeksen, Anderson, and Whitlow, p. 18).

(This cost

estimate was conducted in the same year as the data employed by this
study.

The mileage used may be unrealistic in this example and in

creased average mileage would increase the cost estimate.)

The cost

of this system would be reduced to approximately $58,000 if volunteers
were used half of the time.

Costs of new ambulances range from $26,000
X
to $19,000 depending on the type of ambulance used, ignoring any oper
ating or maintenance costs (Doeksen, Anderson, and Whitlow, p. 13).

The extreme cost estimates are to adjust the net benefit estimates to
compensate Community B for the increased risk.

The inclusion of these

estimates results in final net benefits of the closure ranging from a
high of $177,248.29 to a low of $-195,586.12.

Example II

This example illustrates the effects of closing a small low occu
pancy hospital when patients are diverted to two high utilization,
relatively large hospitals.

The results of this artificial example

imply that the closure of Hospital B would be undesirable from a costbenefit standpoint (Table 4-3).

The net benefits are negative except

TABLE 4-3
SUMM A R Y OF N ET BENEFIT ESTIMATES F R O M E X A M P L E II

Row :
I
2
3
4

5

6

Net Benefit Estimate
Net Benefits of B
Net Benefits of A & C
Net Benefits of A,B &C
Net Benefits of
Hospital System after
the Clsoure (2 A ’s
remaining)
Net Benefits of the
Closure
Travel Costs*
-

7

Net Benefits adjusted
for Travel Costs

: Demand Assumptions

; Cost Function Specification
: Quadratic
: Log

e = .07, c = .15
e = .07, c = .15
Estimates (I. + 2 + 2 )
a. High Estimate (No Demand
Reduction)
b . Low Estimate (10% Demand
Reduction)
a. High Estimate (4a - 3)

90,655.90
1,709,258.30
3,509,172.50
.3,904,546.80

423,338.00
3,456,744.10
7,336,826.20
6,926,196.50

3,748,061.80

6,810,436.80

395,374.30

-410,629.60

238,889.30
325,030.90

-526,389.40

b. Low Estimate (4b - 3)
a. High Estimate (High T.C.,
Reduction)
b. Low Estimate (Low T.C.,
No Reduction)
a. High Estimate (5a - 6b)

174,935.92

b. Low Estimate (5b - 6a)

-86,141.60

220,438.38

*Based on assumption that Hospital C is 90 miles from Community B..
travel cost are consistent with demand estimates.

High and low estimates
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'

when obtained by the use of the logarithmic" cost specification adrjusted by lower bound compensation for risk and travel' costs.
Example II.assumes that two hospitals would be affected by the
closure of Hospital B.

The two remaining facilities (A and C) are

assumed to be identical to Hospital A in the.previous example.

Each .

of the remaining facilities are assumed to provide half of. the dis- ,
placed demand which results from the closure of Hospital B.
The net benefit estimates obtained in this example again were
sensitive to the specification of the cost function (Table 4-3).

The

net benefits estimates of the closure are lower than in the previous
example.

The projected patient days provided by Hospital A are less

than in the previous example and the closure results in higher average
and marginal costs, relative to Example I, when the logarithmic cost
function is used.

However, the cost of adding patient days increases

for both hospitals when the quadratic specification is used.

The

rapidly increasing costs of both hospitals resulting from the closure
further reduce the net benefit estimates relative to the first example
The net benefits obtained using the logarithmic cost, function.
again must be adjusted for travel Costs.

There.is no need to adjust

the quadratic results because they are negative, indicating that the
closure is not desirable.
Community B.

Hospital A, as before, is 90 miles from

Net. benefit estimates of the closure., inclusive of

travel costs.to Hospital A

only range from $240,240.62 to $285,169.72

— 68—

for the high and low travel costs, respectively.

Hospital C would have

to be 115 to 233 miles from Community B to reduce the net benefits to
zero.

For the low net benefit estimate. Hospital C would have to be 39

to 126 miles from Community B to exhaust the net benefits of the closure.
These mileage estimates imply that net benefits would remain positive
for most realistic distances between Community B and Hospital C.

For

illustrative purposes, it will be assumed that Hospital C also is 90
miles from Community B.

This assumption allows the calculation of

travel costs for all the displaced demand and the net benefits adjusted
for travel costs (Table 4-3).

The net benefits of the closure adjusted

for travel costs range from $174,935 to $86,141 for the high and low
estimates, respectively.

These estimates are reduced further to a

range of $155,935 to $-181,141 for the high and low estimates., respec
tively, when the cost of additional ambulance service is included.

Example III
The third hypothetical example represents a closure with patients
diverted to a large and a small hospital.

The remaining facilities

are Hospital A and another hospital identical to Hospital B.

As in

the previous example, it will be assumed the displaced.demand is di
vided equally among these remaining hospitals.
The results from this example suggest that the closure of Hospi
tal B would not be desirable from a cost-benefit standpoint.

However,
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the results from the use of the logarithmic specification would have
been positive if Hospital A were nearer to Community B.

'

Travel cost

would have decreased enough for the low net benefit estimate to remain
positive.
The net benefit estimates in this example are larger than in the
previous examples.

The first-round net benefit estimates ranged from

$-220,940 to $434,537.70 (Table 4-4).

The most dramatic increase was

evident for the quadratic specification results.

The increase is

mainly due to the increased utilization of the small hospital.

The

projected occupancy rate of the small facility increased to just over
60 percent from the initial occupancy rate of approximately 39 percent.
Assigning the patients to the lower utilization hospital decreased the
marginal cost per patient day of the hospital which partially offset
the increased marginal cost of the larger facility using the quadratic
specification .

Nevertheless, the net benefit estimates obtained from

the quadratic specification were still negative.
Travel costs were handled in the same manner as in the previous
example.

For the high net benefit estimate, one-way distances to

Hospital C that reduce the net benefits to zero were calculated to
range from 118 to 262 miles for the high and low travel costs, respec
tively.

Hospital C would have to be 42 to 134 miles from Community B

to exhaust the low net benefit estimate.

TABLE 4-4
SUMMARY TABLE F O R EXAMPLE III

Row : Net Benefit Estimate
I
2
3
4
5 -

6

7

.8

: Demand Assumptions

Net Benefits of B „
Net Benefits of A
Net Benefits of C
Net Benefits of A,B&C
Net Benefits of A & C a;
after the Closure
b.
a.
Net Benefits of the
Closure .
b.
a.
Travel Costs*

:

E =
E=
E =

.07, c=.15
.07, c=.15
.07, c=.15
Estimate ( 1 + 2 + 3 )
High Estimate (High
Demand)
Low Estimate (Low Demand)
High Estimate (5a - 4)

Low Estimate (5b - 4)
High Estimate (High T.C.,
Low Demand)
b. Low Estimate (Low T.C.,
(High Demand)
High Estimate (6a - 7b)
Net Benefits adjusted
for Travel Costs
Low Estimate (6b - 7a)

Cost Function Specification
Log
:
Quadratic
90,655.90
1,709,258.30

423,338.00
3,456,744.10
423,338.00
4,303,420.10
4,232,005.70

90,655.90
1,890,570.10
2,325,107.80
2,160,025.80
434,537.70

-

269,455.70
233,979.95 ..
152,107.07
282,430.63
35,475.75

*High and low travel costs used were consistent with the demand estimates.

4,082,479.90
-71,414.40
-220,940.20
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Addltional information can be obtained from the net benefit esti
mates if a.specific location of Hospital C is used.

Since Hospital C

in the example is a small hospital which offers few services, the
distance.to the facility should be less for the patient allocation
used to be realistic.

It will be assumed that Hbspital .C.is 30 miles

from Community B which results in.approximately 30 minutes travel time
and makes Hospital B subject to the occupancy rate guidelines.

With

this assumption, travel costs were calculated and used to adjust the
net benefit estimate (Table 4-4).

The net benefit estimates.inclusive

of travel costs range from approximately 282,430 to 35,475 for the high
and low estimates, respectively.

These estimates Were further adjusted •

to reflect the cost of compensating Community B for the additional risk
resulting from the closure.
previously.

The range of ambulance costs were presented

Adjusting the net benefit estimates to include travel.and

the "risk, compensation" costs results in final net benefit estimates of.
approximately. $263,430. to $-59,524 for the high and low estimates, re
spectively.

.

Example IV
This example assumes that both of. the remaining facilities are .
small and identical to Hospital B.

The initial occupancy rates of

these hospitals are approximately 39 percent.

Therefore, this example

represents the most likely closure of. a rural hospital by the.
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appropriateness review process because the occupancy rates of all the
area hospitals are low (see Chapter I).

As in the previous examples,

it was assumed that each, of the remaining facilities provide half of
the displaced demand resulting from the closure of Hospital B . ■
The results of this example suggest the closure,of Hospital B
would be desirable from a cost-benefit perspective.

Three of the final

net benefit estimates were positive assuming the remaining facilities
were 30 miles from Community B.
The net benefit estimates of the closure obtained from this
example were positive regardless of the functional form of the cost
functions (Table.4-5).

The closure of Hospital B raised the occupancy

rates of the remaining facilities to approximately 60 percent, depending
on the cost specification used.

These increased occupancy rates re

sulted in significant reductions in the average and marginal cost per
patient day, and the net benefit estimates increased relative to the
previous examples.
Neither of the remaining hospitals have a.definite location in
this example.

The net benefit estimates and travel cost figures will

be used to determine the minimum combined distance necessary to exhaust
the net benefits of the closure.

These one-way distances were estimated

for the high travel cost estimates and are presented in Table 4-6.
These distances increase by approximately 75 percent when lower bound
travel cost estimates are used.

The distance estimates suggest that.

TABLE 4^5
SUMMARY TABLE F O R EXA M P L E IV

Row
I
2
3
4
5

:

Net Benefit Estimate
Net Benefits
Net Benefits
Net Benefits
Net.Benefits
Net Benefits

of
of
of
of
of

B
A
C
A 5BSC
A S C

6

Net Benefits of the
Closure

7

Travel Costs *

8

Net Benefits Adjusted
for Travel Costs

:

Demand Assumption

e = .07, c = .15
e = .07, c = .15
E = .07, c = .15
Estimate (I +. 2 + 3)
a. High Estimate (No
Reduction in Demand)
Low
Estimate (10%
b.
Reduction in Demand)
a. High Estimate (5a ~ 4)

;Cost Function Specification
: Log
: Quadratic
90,655.90
90,655.90
90,655.90
271,967.70
745,668.70

423,338.00
423,338.00
423,338.00
1,270,014.00
1,537,814.80

571,989.70

1,354,523.00

473,701.00

267,800.80

Tb. Low Estimate (5b - 4)
300,022.00
a. High Estimate (Low Demand, 140,066.77
High T.C.)
h . Low Estimate (High Demand, 82,312.82
Low T.C.)
a. High Estimate (6a
7b)
391,388.18

84,509.00
142,928,78

b, Low Estimate (6a r- 7a)

-58,419.78

*Based on distances of 30 miles to remaining facilities.

159,955.23

83,775.44
184,025.35

I
u>
1
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M I N I M U M C O M BINED D I S T A N C E S O F EXAMPLE IV

Demand
Assumption

:

Log

Cost Function
I

Quadratic

- miles High Demand

174.5

62.7

Low Demand.

146.9

21.7

the net benefits of the closure of Hospital B in this example would
remain positive given realistic locations of the alternative facil
ities, except in the case of high travel cost estimates and the
quadratic specification.

Furthermore, the occupancy rate guidelines

do not apply if a closure results in travel times to the remaining
facilities of greater than 30 minutes.

These distance estimates

suggest that net benefits would remain positive.
Travel costs and net benefits inclusive of travel cost were
estimated under the assumption that both hospitals were 30 miles from
Community B.

These distances would make Hospital B subject to the

occupancy rate guidelines if the average speed traveled is 60 miles
per hour, which is not unrealistic for rural areas and in emergency
cases.

Three of the four net benefit estimates remained positive after

travel costs were included (Table 4-5).

These estimates were adjusted
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further to reflect the costs of additional ambulance services or the .
"risk compensation" cost. ' The positive net benefit estimates remained
of the same sign when this cost was included.

The use of the loga

rithmic cost function resulted in final net benefit estimates of .
$372,388 and $64,955 for the high and low estimates, respectively.
Net benefits range from $165,025 to $-153,419 under the quadratic cost
specification.

Summary and Conclusions
This chapter presented four hypothetical examples of the closure
of a rural hospital.
each of the examples.

Net benefits of the closure were estimated for
In general, use of the logarithmic cost function

resulted in positive first-round net benefit estimates regardless of
the remaining hospital system.

The logarithmic function declined

throughout, therefore marginal cost per patient day declined as the
closure increased the utilization of the remaining facilities.

However,

net benefits of the closure as estimated using the quadratic specifica
tion were sensitive to the utilization of the remaining hospitals.

The

quadratic marginal cost reaches its minimum at an occupancy rate of
approximately 48 percent, therefore increasing utilization of the
remaining hospitals resulted in increasing marginal costs per patient
day.

The only positive first round net benefit estimates using the
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quadratic specification were obtained in the example which assumed two
small low-occupancy hospitals received additional patients due to the
closure.
Travel costs were important in the initial examples, partially
because of the. distance and partially because of the assumptions that
were employed in their calculation.
patients and visitors.

Travel costs were calculated for

Given the assumption that each visitor would

make one round trip per patient day, travel costs increased roughly
fourfold relative to calculations for patients only.

Therefore this

assumption, coupled with the distances involved in the initial examples,
resulted in high travel cost estimates.

In light of this discussion,

the travel cost estimates would represent upper bound estimates of the
resources that actually would be expended.
Furthermore, the results presented in this chapter assumed that a
price elasticity estimate of .07 is an appropriate reflection of deci
sions of fully informed consumers.

The violation of this assumption

means that the use of this price elasticity biases the net benefit
estimates of the initial hospital system and the system after the
closure, as discussed in Chapter 2.

For example, assume that indivi

duals rely heavily on the judgement of their respective physician.
This implies that the estimated price elasticity (.07) would reflect
the advise of physicians rather than the decisions of fully informed
consumers.

The price elasticity of fully informed consumers probably
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would be higher than .07. •Nevertheless, the net benefit estimates
obtained using the higher price elasticities (.25 and .5) were gener
ally of the same sign but smaller than those presented in this chapter.
One additional source of bias was discussed in Chapter 2.

The

estimates presented could be biased if the marginal cost estimates used
do not accurately reflect the social costs of the provision of rural
hospital services.

If this were the case, the net benefit estimates

of the initial and remaining hospital systems would be larger than the
figures presented.

For example, assume all net benefit estimates were

made using the logarithmic specification, and that the quadratic spec
ification reflected the social costs of provision of hospital services
more accurately.

(The quadratic net benefit estimates of both systems

are much higher than those obtained from the logarithmic specification.)
If this were the case, use of the true social cost estimate would sig
nificantly decrease the net benefit estimates.

However, this method of

correcting the bias requires knowledge of the cost function that re
flects the social cost of providing hospital services, which is unknown.
A second method of correcting the bias is available.

In order to .

make the correction, direct income of the hospital employees greater
than the income they would receive in their next best alternative would
be entered as a benefit from the operation of the hospitals.

The
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inclusion of income resulting from the hospital will tend to make the
net benefits of the hospitals, before and after the closure, larger
but the ultimate effect on the net benefits resulting from the closure
is not known since it depends on the relative magnitudes^ of the income
gains to each community.

The use of this method would require much

additional knowledge to determine the income resulting from the hos- .
pital in excess of the opportunity cost of the resources which is
difficult to determine in reality.

Chapter 5

POLICY IMPLICATIONS .

The previous chapter presented net benefit estimates resulting
from the closure, of Hospital B for different remaining hospital systems
Example I was the realistic case where only one large hospital was
affected by the closure.

The net benefit.estimates suggested the

closure would be undesirable when corrected for travel and ambulance
costs.

The second example assumed the displaced demand would be split

equally between two large facilities.

The net benefit of the closure

estimates were smaller in this example than those obtained in the pre
vious example.

The third example assumed that a large and a small

hospital provided the displaced demand.

The net benefit estimates of

the closure were significantly larger than obtained in the first ex
ample but the closure still appeared undesirable from a benefit-cost
perspective.

The closure in the final example affected two small

facilities.

In this case, the net benefit estimates suggested the

closure would be desirable.

The different results of these examples

provide evidence that the net benefits resulting from a closure are
sensitive to the characteristics of the alternative area hospitals.
The sensitivity of the net benefit estimates to the hospital
system result from a number of factors.

First, the demand for each

facility after the closure and the projected price determined the gross
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benefits of each of the remaining hospitals.

The gross benefits of

each hospital increased relative to their initial value due to the
greater demand.

The total costs, or integral of the marginal cost

function, of providing the projected service level were subtracted from
the gross benefits to estimate the net benefits after the closure.

The

total cost estimates are dependent on the shape of the marginal cost
function and the volume of services consumed after the closure.

For

example, the quadratic marginal cost function was U-shaped and reaches
its minimum value at an occupancy rate of approximately 48 percent.
If the closure resulted in occupancy rates of the remaining facilities
greater than this value, the additional costs of providing the last
unit of services were increasing and the total cost of the hospital
increased rapidly.

The logarithmic marginal cost function declines .

throughout and its use yields total cost estimates that increase much
slower, as the volume of services increases, than those obtained from
the quadratic specification.

The total costs of the remaining hospi

tals were always less than the costs of the initial hospital system
when the logarithmic specification was used.

The difference in the.

net benefit estimates obtained using the two different cost functions
suggest that the additional costs of providing the displaced demand
have an important influence on the net benefits of closing rural
hospitals.

— 81The net benefit estimates presented in the previous chapter were
calculated for only one year.

To conduct a complete cost-benefit anal

ysis, the net benefits that likely would occur in the future need to be
estimated and, discounted.

Nevertheless, factors that would affect the

net benefit estimates can be identified and used to predict the future
changes in the net benefit estimates without repeating the necessary
calculations for each.future year.

For example, travel costs will

change over time due to a number of factors such as increasing fuel
costs, increasing time costs, and changes in rural transportation
facilities.

On net, it is expected that travel costs will increase

in the future.
The effects on the net benefit estimates of higher travel costs
are two-fold, with both acting to reduce the net benefit estimates
over time.

First, greater travel costs will in effect increase the

"price" of more distant, relatively specialized hospitals implying the
utilization of the community's hospital would increase in response to
the rising travel costs.

Greater utilization of low occupancy hospi

tals will increase the net benefits of the initial hospital system by
I) increasing the benefits of the facilities, and 2) allowing the
hospitals to exploit economies of scale.

Furthermore, greater travel .

costs imply that more resources will be expended by travel as the dis
placed patients attend other hospitals after the proposed closure.

In

-82-

general, increasing travel costs would decrease the net benefits of
closing a rural hospital.
Other factors that imply the net benefits of closures will de
crease over time are more comprehensive insurance coverage"of rural
residents and increasing populations of rural communities.

More com

prehensive insurance, coverage will act to insulate rural residents from
price differentials between hospitals.

Presumably, this implies that

the utilization of small rural hospitals may increase in response to
the greater insurance coverage.

The price differential to consumers

of efficient and inefficient hospitals will be reduced suggesting that
rural residents would increase their use of the less efficient rural
hospitals.

Moreover, more comprehensive insurance coverage implies

that rural residents will become more responsive to travel costs in .
their selection of hospitals which would act to increase the utiliza
tion of the community hospital.
Population change also can affect the utilization of the community
hospital.

It is expected that the utilization of rural hospitals is

positively correlated with the population change of the community, with
increasing community populations resulting in increased utilization of
the community hospital.

In light of discussions on the."rural-urban

turnaround," the net benefits of the community hospital will increase
in communities that will likely experience prolonged population growth

I
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over time.

Simularly, the net benefits of the community hospital will

decrease in communities with declining populations.
Rapid increases in health care technology have reduced the average
length of stay through time.

If this trend continues into the future,

the utilization of the nation's hospitals will decline ceteris paribusj
implying that the net benefits of a closure would increase due to this
effect.

The decline in the utilization suggests that greater cost

savings will accrue through the consolidation of hospital services.
The proceeding discussion identified factors that yould affect the
net benefits of a closure over time.

Many of the factors will affect

all of the nation's hospitals and are not isolated to a particular
area.

However, the population change experienced by communities will

vary among geographical subdivisions of the nation and therefore, will
alter the net benefits of closing a specific hospital through time.
The projected population of a community can have the largest effect on
the desirability of the closure of its hospital but the other factors
identified need be kept in mind when addressing the temporal distribu
tion of net benefits.
The distribution of benefits and costs resulting from a closure
has important implications in regard to the politics of strategies to
reduce rural hospital capacity.

The first example presented in the pre

vious chapter will be examined to illustrate the distributional impacts
of the closure as discussed in Chapter 2.

The closure of Hospital B in
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the first example resulted in a price decrease to consumers of Hospi
tal A ranging from $2.90 to $9.74 per patient day for the logarithmic
and quadratic cost specifications, respectively.

Due to the reduction

in the price of hospital services, the original consumers of Hospital A
are made better-off (as measured by increases in consumer surplus) by
between $75,467 and $254,958 depending on the cost specification.

More

over, Community A would further benefit from the closure of Hospital B
as the displaced patients and visitors redistribute a portion of their
spending .to. Community A.

The increased spending for goods and services

would tend to increase the income and long-run viability of Community A.
Community B, however, bears much of the costs of the closure.

The

price of hospital services per patient day to consumers after the clo
sure increases approximately $3 when the logarithmic cost function is
used and decreases roughly $3.60 under the quadratic specification.
The estimated price differences after the closure yields changes in
consumer surplus of $-14,699 and $17,649 for the logarithmic and quad
ratic cost specifications, respectively.

Furthermore, individuals from

Community B will have to travel to consume hospital care which makes
them relatively worse-off due to the closure of their hospital.

The

travel cost estimates presented in the example illustrate the magnitude
of this component of the costs resulting from the closure of Hospital B
(Table 4-2).

In addition to the above mentioned costs, the closure of

Hospital B will place individuals from the community in a position of
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greater risk of morbidity and mortality.

Estimates of the community's

willingness to pay to avoid the additional risk were not undertaken.in
this analysis but it is expected that risk is an important component of
arguments against a rural hospital closure.
Throughout the analysis, it was assumed displaced employees of
Hospital B would be re-employed in activities where their contributions
are of equal social value.

However, this does not preclude Community B

from experiencing a direct loss of income from the closure because some
of the individuals may migrate from the community.

The actual loss of

income that would result depends on the community's and the individual's
reactions to the closure. , At one extreme, all of the displaced workers
could migrate from the community which would result in the. largest loss
in community income.

In this extreme case, the short-run income loss

would include the payroll of the hospital and indirect losses to other
individuals as community spending is decreased.

The payroll of Hospi

tal B was roughly $500,000 in the year under investigation and provides
an estimate of the direct loss of income in this example.
munity income multipliers were estimated to range from
(Christianson and Faulkner, p. 14).

Average com

1.09 to 1.63

These multipliers were used to

estimate.the total short-run loss of community income resulting from
the closure.

The estimated lost income to Community B under this

scenario ranged from $545,000 to $815,000 depending on the value of
the multiplier.

However, these estimates provide an extreme example
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of the income losses resulting from the closure.

Another equally

extreme scenerio can be developed that would result in no direct loss
of community income.

This would occur if all of the displaced workers

were re-employed within the community in activities of equal social
value.

Indirect income losses would occur, even under .this scenerio

as community, spending is redistributed to Community A.

This scenario

may be unrealistic in many rural communities that experience low levels
of economic development implying some direct losses of income would
result from the closure of rural hospitals., The actual loss will de
pend on the community and the reaction of the affected individuals.
Other entities will benefit from reorganization of rural health
care delivery systems.
medical bills.

These groups are the third party payers of the

In the first example, the total costs of providing

hospital services to the area decrease as a result of the closure of
Hospital B.

This implies that the payments made by third parties also

will decrease (assuming average cost pricing).

To illustrate the

gainers and the magnitude of the gains, it will be assumed that 49
percent of the billings are paid by the Federal government through
medicare and medicaid and 35 percent are paid by private insurance
companies (Christianson and Faulkner, Table I).

These percentages

and the results from example I suggests the Federal government will
save $192,181 to $708,787 in insurance liabilities from the closure,
for the logarithmic and quadratic specifications, respectively.
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Private insurers would save between $137,273 and $506,277 for the
logarithmic and quadratic specification, respectively.

These estimates

suggest that third party payers could be expected to support the clo
sure in this example.
The distribution of benefits and costs resulting from the closure
of Hospital B in the first example presented were investigated.

These

distributional impacts suggest.that Community A unambiguously would
benefit from the closure of its neighboring hospital through the price
reduction and increases in community income.

Similarlyj the Federal

government and private insurance companies also would benefit from the
closure due to the reduction in their payments.

Ultimately, individuals

covered by private insurance could benefit as their medical insurance
premiums are adjusted to reflect the savings to the companies.
ever, Community B bears much of the cost

How

of the closure and is made

relatively worse-off which suggests the community would oppose any
attempt to close their hospital.
The "planning approach", as discussed in Chapter 2 was used to
estimate the benefits resulting from the closure of Hospital B in the
examples presented.

The calculated benefits obtained from the planning

model were compared with the net benefit estimates obtained using the
economic model to ascertain if there were any significant differences
(Table 5-1).

The results of the planning approach are quite different

and more inconsistent than the estimates made using the economic model.
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Table 5-1 •
COMPARISON OF NET BENEFIT ESTIMATES
OBTAINED FROM THE PLANNING MODEL & ECONOMIC MODEL

Example. ..
I
II
III
IV

*

Specification of the Cost Function
Log
Demand
:
Quadratic
Estimate. Planning * : Economic : Planning : Economic
High
Low
High
Low
High
Low
High
Low

437,371.9
515,233.3
425,638.3
505,619.2
452,316.9
528,123.7
478,995.4
550,365.5

— dollars—
417,171.8 -273,135.7
253,209.4 -139,115.1
395,374.3 -185,524.8
238,889.3
-69,329.8
434,537.7
78,908.6
269,455.7
146,198.3
298,174.0
473,701.0
361,725.3
300,022.0

-400,677.4
-506,383.8
-410,629.6
-526,389.4
-71,414.4
-220,940.2
267,800.8
84,509.0

High demand simple addition of previous patient day. Low demand
assumed a 10 percent decrease in the initial patient days consumed
by Community B. (The same patient allocations were used as in the
previous examples.)

Furthermore, the differences are more profound for the low demand esti
mates with the planning approach consistently yielding greater benefits
for the low demand estimates than those obtained from the high demand
estimates.

The differences in these results makes the closure appear

more desirable when the planning approach is used over the economic
approach.
A cost-benefit framework for evaluating the desirability of rural
hospital closures was developed and applied to four hypothetical ex
amples in this thesis.

The framework illustrates that the methodology
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of cost-benefit analysis can successfully be applied to medical care
policies.

Since all real benefits and costs resulting from the policy

must be identified, the use of cost-benefit analysis can focus atten
tion on relevant policy issues and illustrate which categories are not
estimable.

The results of this application illustrate the sensitivity

of the desirability of a closure to the marginal cost of providing
additional patient days by the remaining hospitals.

The net benefit

estimates obtained from the use of the logarithmic marginal cost func
tion were always much greater than those obtained using the quadratic
specification because the logarithmic marginal cost function declines
throughout.

Moreover, the results of the first example were used to

address the distribution of.benefits and costs resulting from a closure.
The major beneficiaries of a closure are third-party payers and the
community where the remaining facility is located.

The community that

faces a closure will bear much of the cost and is made relatively worseoff as a result of the closure.

These distributional impacts provide

information on the politics of rural hospital closures.

Due to the

adverse distribution of benefits and costs, rural communities faced with
a closure can be expected to oppose any attempts to bring the closure
abouti
Health care planners currently lack a systematic procedure for conducting appropriateness reviews.

The cost-benefit framework developed

herein can fill this void and be used to address the desirability of a
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specific hospital in the context of the area hospital system.

The

framework will serve to focus attention on the effects of a closure
and aid the public decision process.

The framework can be used to

identify areas where the regulatory agencies can most effectively
employ their resources for closures and identify areas where more
indepth studies of the area's demand and hospital costs would be
useful.

APPENDICES.

APPENDIX A

SOLUTIONS PROCEDURES

APPENDIX A

This appendix illustrates the procedures that were employed to
estimate the new number of patient days provided by one of the remaining
facilities after the closure of Hospital B.

The first step involves

estimating the demand curves for hospital services exhibited by each
community.

This requires information of the number of patient days

provided, average revenue per patient day, the copayment rate and the
assumed price elasticity.

An example of the procedure will assume

2,440 patient days, $233.27 is the average revenue estimate, the
co-ayment rate is .05 and the price elasticity- is ,07,

The values

were used to estimate the slope of the demand function making use of
the price elasticity formula:

71
and solving for

8PD .
9P

3PD
BP

P
PD

Using the values presented, the following must

be solved;
n7 - 9PD
*U7 ^ BP '
BPD =
BP

.05(233.27)
2440

.07(2440)
.05(233.27)

= 17.48
which equals the slope of the demand function.

To estimate the

intercept, the following equation is solved for a;
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2440 = a - .17.48(.05)233.27
a = 2610.78
With this information the demand function is estimated by;
PD = 2610.78 - 17.48 P
The solution procedure for the new price and number of patient days
provided after the closure is illustrated next, Assume -the following
equations are the demand functions for care exhibited by Communities
A and B respectively:
PD13 = 2610.78 - 17.48P
J
d

PD a = 7945.82 - 26.4P
A
Suppose Hospital A provides all of the displaced demand resulting
from the closure of Hospital A.

The new demand curve for care in

Community A becomes:
PD a

= 10556.6 - 53.88P

which is the addition of the previous demand functions,

This

equation is solved simultaneously with a quadratic average cost
function (AC) adjusted to reflect the assumed copayment rate (C)
of the community.
P

= cP = cAC

c

Further, assume the average cost function are the following:
c = .05 and AC^ = 264.74 - 0176PD + .00000066PD
c AC a

A

therefore

= 13.237 - .00088PD + .000000033PD

2

2

PD" = 10556.6 - 53.88 (13.237 - .00088PD + .000000033PD2)
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= 10556.6 - 713.20956 + .0474144PD - .00000162PD2
0 = 9843.39 + (.0474144 - 1)PD - .00000162PD2
To solve for the new number of patient days requires the use of the
quadratic formula.

-b ±/b^ - 4ac
2a
where b = .9525856
a = .00000162
c = 9843.39
The substitution of these values into the quadratic formula yields:
PD" = .9525856 ± /.90741933 + .06378517
-'00000324
PD^ = 10157.87
This estimate of the new number of patient days can be substituted
back into the average cost function to predict the cost per patient
day of providing this level of output.

This average cost estimate

then can be used in conjunction with the assumed copayment rate to
estimate the resultant price to consumers.
The use of the logarithmic cost function makes the solution for
the number of patient days much more difficult.

For example, assume

the same aggregate demand function is used as in the previous example.
PD^ = 10556.6 - 53.88P
The average cost function of Hospital A is;

I
AC = 4608.0342PD
A

'341

which is adjusted to reflect the assumed copayment rate of .05 to
obtain an estimate of the price to the consumer as discussed previously.
.. P

= (.05) 4608.0342PD- *341
= 230.4PD™"*341 '

Substitution of this price estimate into the aggregate demand function
yields the equation that must be solved, or:
PD + 12,415.95PD- *341 - 10,556.6 = 0 =- f (PDn)
This equation then is solved using Newton’s method or:
PD
n+1
where PD

=.f'(PDn).• PD -f(PDn)
•—
F(PDn)-

is the estimate of the new patient day obtained from the

first iteration and, f^(PDn) is the partial derivative of the equation
to be solved with respect to patient days.
In this case f "(PDn) = I + (".341)(12,415.95)~3 ‘341

.

These equations are substituted into Newton’s formula yielding:
PD ,T = (I - 4233.158PD
n+1
--------------

341)PD-PD-12,415.95PD"'341 +10,556.6
-1.341
1-4233.15PD

PD-4233.158PD~‘341 - PD - 12,415.95PD "343 + 10,556.6
-1.341
1-4233.15PD
= 10,556.6 - 16,649.!!PD

- 34]

1-4233.15PD_1*341
A starting value, of PD is needed in order t;o obtain the first

,
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iteration of PD".

The estimate of PD obtained from the quadratic

solution provides this starting point.
10,157.86.

The value obtained was

This value is substituted into the previous equation.

The

simplified equation becomes

PD

n+1

9840.426
.9821 .

10,019.78

which is the estimate of the number of patient days obtained from the
first iteration of the formula.

To estimate an exact solution, the

procedure would have to be repeated continuously by substituting the '
estimate obtained from the previous iteration until the estimate
converges,

In the cases used in this study, the estimate was altered

only slightly by calculation of a second iteration.

.APPENDIX B
CALCULATIONS USED TO OBTAIN THE RESULTS
PRESENTED IN EXAMPLE I
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TABLE B-I
DEMAND FUNCTIONS *

Hospital B
.Hospital A

Patient
Days ’

Revenue
■ P...D.

.05R

4,884

222.31
263.37

25,952

Demand Functions
c=

.05

Price
.15R

•25R

11.12

33.37

55.58

13.17

39.5.1 . 65.84

.

e '= .07
c = .15

c = .25

Hospital B

Q=5225.88-30.757P

Q=5225.88-10.252P

Q=5225.88-6.1514P

Hospital A

Q=27768.64-137.95P

Q=27768.64-45.98P

0=2776.68-27.59P

Inverse Demand Functions .
c = .05

c = .15

c = .25

Hospital B

P=169.84-.0325Q

P=509.52-.0975Q

P= 849.73-.1626Q

Hospital A

P=202.71-.007 3Q

P=603.97-.02175Q

P=1005.23-.0362Q

Demand. Functions e = .25
c = .05

c = .15

Hospital B

Q=6105 - 109.847P

Q= 6105 - 36.616P

Hospital A

Q=32440 - 492.69P

Q=32440 -164.23P

c = .25
Q= 6105-21.969P
' Q=32440-98.538P

IOQ

TABLE B-I, continued
Inverse Demand Functions
c = .05

e = .25
c.= .15

c = .25

Hospital B

P= 55.56-.0091Q

P=166.67-.0273Q

P=277.78-.0455Q

Hospital A

P= 64.88-.002Q

P=194,64-.006Q

P=330.89-.0102Q

Demand F u n c t i o n s e = .05
c=

.05

c=

.15

c = .25

Hospital B

Q= 7326-219.69P

Q- 7326-73.23P

Q= 7326-43.939P

Hospital A

Q-38928-985.38P

Q=38928-328.46P

Q=38928-197.08P

Inverse Demand Functions
c = .05

e = .05
c = .15

''

c=

.25

Hospital B

P= 33.34 - .00455Q

P=100.37 - .0137Q P=167.03 - .0228Q

Hospital A

P= 38.93 - .001Q

P-116.784= .003Q

*

P=194.64 - .005Q

These demand functions were used in the subsequent examples. E
refers to the absolute value of the assumed price elasticity and
C is the assumed copayment rate. This notation is used through
out the appendices.
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T A B L E B-2

DEMAND FUNCTIONS FOR HOSPITAL
SERVICES AFTER THE CLOSURE

Assumptions

e = .07

c=

Demand Functions
.05

0=32994.52 - 168.707P

c = .15
c=

e = .25

e = .5

.25

c = .05

Intercept for
10% Reduction
.32471.932

- 56.232P
.

Q=38545

- 33.7414P

- 602.537P

c = .15

- 200.846P .

c = .25

- 120.538P

c=

- 1205.07P

.05- 0=46254

c = .15 ■

-

401.69P

c = .25

-

241.019P

37934.5

45521.4
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TABL E B - 3

GROSS BENEFITS (STATUS QUO)
E

= .07

Hospital B
Hospital A

E=

.25

Hospital B
Hospital A

E

= .5

c. = .05 .

442,239,22
2,783,129.6

C=

.05

162,930.24
1,025,363.5

c=

.05

Hospital B

108,620.16

Hospital A

683,575.68

c = .15
1,327,115,4
8,349,388.7

c = .25
-

2,202,446.8
13,913,535.0

c = .15

c = .25

488,937.24

814,358.16

3,076.090.6

c=

.15

325,860.48
2,050,725.0

5,126,817.6

c = .25
543,100.8
3,417,878.4
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TABLE. B - 4

Ul

b

e = .07

O
Il

■NET BENEFITS OF THE HOSPITALS BEFORE THE
CLOSURE USING THE QUADRATIC SPECIFICATION *

' 1,298,669.6

-2,109,515.0

3,456,744.1

9,020,890.4

. -2,571,052.7 .

3,880,082.1

. 10,319,560.0

. -461,537.72

Hospital A

e = .25
Hospital B

c = .25

.423,338.0

Hospital B

Total

c'= .15 ;

c=

.05

c = .15

-740,846.7

'

-414,839.7

Hospital A ' '

-3,867.281.1
•.*

-1,816,554.0

Total

-4,608,127.8

; -2,231,393.7

.

C=

.25

-89,418.78
234,173.0

: ' .■ 144,754.22

Total
*

Ln

O

O
Il

•

■

Hospital A .

S'
Ii
o

Hospital B

-795,15.6.78

.

’ -577,916.46

c = .25
-360,676.14

-4,209,068.9

-2,841,917.6

—1,474,7 66.2

-5,004,225.7

-3,419,834.1

-1,835,442.3

These estimates are used in the. following examples and will not
be presented again.

'
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TABLE B - 5 .
H O S P I T A L A A F T E R T HE CLOSURE
U S I N G THE QUA D R A T I C SPECIFI C A T I O N

.Patient. Occupancy Cost Per
Days
Rate
Patient Day

Assumptions

Price

e = .07 c = .05 .31362.91

94.42

198.31

9.92

c= .15

31360.98

94.42

198.31

29.75

c '= .25

31362.91 .. 94.42

198.31

49.58

97.83

201.84

10.09

c = ..15 ,32495.85

97.83

201.84

30.28

c.= .25

32495.92

97.84

201.86

50.46

c=

.05

32821.59

101.83

206.64

10.33

C=

.15

32821.59

101.83

.206.64

31.00

c= ,25

33820.30

101.82

206.63

51.66

E=

.25 c = .05 ■3249.5.338

e = .5

HOSPITAL A GIVEN 10% REDUCTION IN COMMUNITY Bi1S DEMAND
e = .07 c = .05

30902.43

93.04

. 197.03

9.85

c = .15

30902.44

93.04

197.03

29.55

.25 . 30902.43 . 93.04

197.03

49.26.

C=
E

= .25 c = .05

31938.82

96.16

200.05

10.00

c = .15

31938.82

96:16

200.05

30.00 .

.25

31938.84

96.16

200.05

50.00

c= .05

33222.34

100.02

204.38

10.22

'c - .15

33222.34

100.02

204.38

. 30.66

C=
E=

.5

c = .25

33222.36 ■ 100.02

204.38 .

51.10 .
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TABLE B-6
GROSS BENEFITS OF HOSPITAL A AFTER THE CLOSURE

O

II

CO

•^

c = .15

O

e=

.05

ii

c=

3,237,379.9

9,698,600.6

16,168,337.0

.25

1,205,498.5

3,616,681.4

6,042,991.7

2,476,194.3

4,126,777.6

e = .50

825,395.08

GROSS BENEFITS OF HOSPITAL A
GIVEN A 10% REDUCTION IN COMMUNITY B 1S DEMAND
c = .05

.

C

=

.15

c=

.25

.07

3,158,549.3

9,462,406,1

' 15,764,783.0

.25

. 1,172,404.3

3,517,213.9

5,886,295.2

2,407,536.1

4,012,664.8

.50

802,593.44
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TAB L E B - 7 ■
NET B E N E T ITS OF H O S PI T A L A A F T E R THE CLOSURE
U S I N G THE QUADRATIC SPECIFICATION

c = .05

c = .15

e = .07

-2,982,198.8

3,479,404,7

e=

.25

-5,353,360.5

-2,942,281,0.

E=

.50

-6,163,498.3 '

-4,512,699,1

C = .25

9,948,758.3
-516,634.71.
-2,861,511.0

NET BENEFITS OF HOSPITAL A GIVEN A 10%
REDUCTION IN COMMUNITY B's DEMAND
USING THE QUADRATIC SPECIFICATION
.07

-2,930,156.5

3,373,698.3

.25

-5,216,956.6

-2,872,147,0

,50

-5,987,388.4

-4,382,445.7

9,676,077.2
-503,069.74
-2,777,321.1
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TABLE B-8 *

NET BENEFITS OF THE CLOSURE USING
THE QUADRATIC SPECIFICATION *
c = .05

c=

.15

c = .25

e = .07

-411,146.1

-400,677.4

-370,801.7

e = .25

-745,232.7

-710,887.3

■ -661,388.93

.50

-1,159,272.6

-1,092,865.0

E =

-1,026,068.7

CO
11

Ovj
-

NET BENEFITS OF THE CLOSURE USING THE
QUADRATIC SPECIFICATION AND ASSUMING A 10%
REDUCTION IN COMMUNITY B's DEMAND
-359,103.8

-506,383.8

-643,482.-8

E=

.25

-608,828.8

-640,753.3

-647,823.96

e = .50

■ -983,162.7

-962,611.6

-941,878.8

*

These estimates exclude risk and travel costs.
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TABLE' B - 9

Hospital B

O
v$

e = .07

O
Il

NET BENEFITS OF THE HOSPITALS BEFORE THE
CLOSURE USING THE LOGARITHMIC SPECIFICATION *

. -794,220.3

- 90,655.9

965,987.3

Hospital A

-3,857,000.8

1,709,258,3

7,273,404.6

Total

-4,651,221.1

1,799,914.2

8,239.391.9

LH
O

Il
U

e = .25

c = .25
-422,101.34

Hospital B

-1,073,529.3

Hospital A

-5,614,766.9

-3,564,039.8

-1,513,312.8

Total

-6,688,296.2

-4,311,562.1

-1,935,414.1

LO
O

II
O

E = 5

.

is '

c = .25

O
Il

c = ,15

-747,522.26 .

C = ,15

c = .25

Hospital B

-1,127,839.3

Hospital A

-5,956,554.7

-4,589.403.2

-3,222,252.0

Total

-7,084,394

-5,500.002.4

-3,915,610.7 ■

*

-910,599.02

-693,358.7

These estimates are used in the following examples.
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TABLE B-IO
H O S P I T A L A A F T E R THE CLOSURE
U S I N G THE "LOGARITHMIC SPECIFI C A T I O N

Assumptions

Patient
Days

Occupancy Cost Per
Rate.
Patient Day

Price

e=.07 c=.05

30962,32

93.22

240.92

12.05

c=.15

30962.53

93.22

'240.91

. 36.14 .

c=.25

30961.86

93.22

240.92'

60.23

e=.25 c=. 05

31317.36

94.29 •

239.98

12.00

c=.15

31317.35

94.29

239.98

36.00

c=.25

31315.38

94.28

239.99

. 60.00

c=.05

31895.14

96.03

238.49

c=.15

31895.16

96.03

238.49

■ 35.77

c=.25

31894.80

96.03

238.49

59.62

e=.5

E=.25

G=.5

12.11

c=.15

30427.87

91.61

242.35

36.35

c=.25

30427.74

91.61

242.35

60.59

ji
O
Vi

HOSPITAL A AFTER THE CLOSURE USING THE
LOGARITHMIC SPECIFICATION ASSUMING A 10%
REDUCTION IN COMMUNITY B's DEMAND
30427.73
91.61
242:35
£=.07 c=.05

11.92 ■

30654.45

92.29

241.74

12.09

c=.15

30654.45

92.29

241.74

36.26

c=.25

30652.46

92.28

241.74

60.44

c=.05

31031.29

93.43

240.73

12.04

c=.15

31031.31

93.43

240.73

36.11

c=.25

31030.95

93.42

240.73

.60.18

HO
TABLE B - l l *

GROSS BENEFITS OF HOSPITAL A
AFTER THE CLOSURE

c = .05

c = .15

c = .25

e =.07

3,229,726.2

9,676,269.1

16,129,852.0

e =.25 . .

1,191,899.4

3,575,696.1

5,974,470.4

803,856.5

2,411,568.5

4,019,308.7

e =.50

GROSS BENEFITS OF HOSPITAL A
GIVEN A 10 PERCENT REDUCTION•IN COMMUNITY B 'S DEMAND*
c=

c = .15

c=

.25

.07

3,146,761.4

9,427,317.9

15,706,179.0

.25

'1,157,748.0

3,473,131.2

5,812,628.0

2,234,379.9

3,890.665.2

.50

*

.05

•

778,243.84

These estimates were obtained using the results presented in
Table B-10.
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TAB L E B - 12

OLn

I
!

O

NET BENEFITS OF HOSPITAL A AFTER.THE CLOSURE
USING THE LOGARITHMIC SPECIFICATION
c=

.15.

c = .25

E=. 07

-4,229,715.9

2,217,086.0

8,670,520.7

e=.25

-6,323,640.7

-3,939,841.6

-1,540,907.6

E=. 50

-6,803.815.4

-5,195,108.2

-3,587,282.2

NET BENEFITS OF HOSPITAL A
ASSUMING A 10% REDUCTION IN COMMUNITY B's
DEMAND USING THE LOGARITHMIC SPECIFICATION
' c = .25

-4,227,399

2,053,123.6

8,332,916.2

I

-6,252,858.7

-3,937,275.5

-1,597,297.7

E=.50

-6,691,918.6

-5,235,787.4 . •

-3,579,415.4

C
O

O

.15

tM

c=

m
CM

-~1

c = .05
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TABL E B - 13

NET BENEFITS OF THE'CLOSURE
USING THE LOGARITHMIC SPECIFICATION
c=

.15

____ '

G = .25

cII
O

c.= .05_________
421,505.2

417,171.8

431,128.8

E=.25

364,655.5

371,720.5

394,506.5

E=. 50

281,578.6

. 304,894.2

328,328.5

NET BENEFITS OF THE CLOSURE
ASSUMING A 10% REDUCTION IN COMMUNITY B's
DEMAND USING THE LOGARITHMIC SPECIFICATION
c = .15

c=

.25

423,822.1

253,209.4

92,624.3

E=.25

435,437.5

374,286.6

338.116.4

fIi
Ln
O

O

c = .05

392,475.4

264,215.0 •

336,195.3

APPENDIX C
CALCULATIONS USED TO OBTAIN THE
RESULTS OF EXAMPLE II
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TABLE C-I
DEMAND FUNCTIONS FOR EACH
HOSPITAL AFTER THE CLOSURE

Assumptions
E =

.07

e = .25

E =

.50

Demand Functions

C =

.05

0=30381.58 -

C -

.15

-

51.106 P

C =

.25

-

30.6657 P

C =

.05

-

547.6135 P

C =

.15

-

182.538 P

C =

.25

-

109,5225 P

C =

.05

C =

.15

C =

.25

0=35492.5

0=42591.0

153.3285 P

-

1095.225 P

-

365.075 P
219.0495 P

10% Reduction
Intercept

30120.286

35187.25

42224.7
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TAB L E C - 2

EACH HOSPITAL AFTER THE CLOSURE
USING THE QUADRATIC SPECIFICATION
Patient
Days

Assumptions.
e = .07

e =.25

E

= .5

Occupancy
Rate

Cost Per
Patient Day

Price

C

= .05

28875.45

86.93

192.36

9.62

C

= .15

28873.58

86.93

192.36

28.85

C

.25

28875.46

86.93

192.36 .

C

.05

30179.77

90.86'

195.17

C

.15

30179.77

29.28

C

.25

30179.77

48.79

C

.05

31692.19

C

.15

31692.19

. 39.89

C

.25

31692.19

49.82

'

95.42

199.29 .

. 48.09
9.76

9.97

. ASSUMING A 10% REDUCTION IN COMMUNITY B ’s DEMAND
E

= ,07

E =

.25

£ = .5

C

= .05

28559.43

58.98

C

.15

28559.44

28.77

C

.25

28559.43

47.95

C

.05

29892.66

C

= .15

29892.66

29.17

C

= .25

29892.66

48.62

C

= .05

31376.70

C

.15

31376.70

29.75

C

.25

31376.70

49.59

90.00 .

94.47

191.78

194.50

198.35

• 5.59

9.72

9.92
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TABLE. 0 3

GROSS BENEFITS OF EACH HOSPITAL AFTER THE CLOSURE
m
O

O

Il

c = .25

c = .15 .

=

E=

O
**»4

m

Il

'
!
;

E

3,010,127.8

9,017,220.1

15,031,551.0

.25

1,125,346.5

3,376,050.6

5,641,891.8

2,322,030.2

3,870,439.5

.50

774,288.9 •

GROSS BENEFITS OF EACH HOSPITAL ASSUMING A
10% REDUCTION IN COMMUNITY B's DEMAND
E

= .07

2,965,095.4

8,882,345.9

14,796,820.0

E

= .25

1,107,923.1

3,323,890.9

5,564,122.1

E

= .50

762,169.81

2,285,807,1

■

3,810,106.2

TABLE C-4
NET BENEFITS OF THE REMAINING HOSPITAL SYSTEM
USING THE QUADRATIC SPECIFICATION
E

= .07

-5,098.988,0

6,926,196,5

E

= .25

-9,529,678.4

-5,028,270.2

E

= .50

-11,083,295.0

.-8,060,258.9

18.954,858.0
-496,587.82
-4,890,994.1

NET BENEFITS OF THE REMAINING HOSPITAL WITH THE
DEMAND REDUCTION USING THE QUADRATIC SPECIFICATION

= .07

-5,024,064.2

6,810,436.8

E =

.25

-9,412,398.2

-4,980,462.0

E =

.50

-10,922,797.0

-7,895,522.7

E

19,108,847.0
-500,000.54
-4,826,924.5

117
TAB L E C-5

NET BENEFITS OF THE CLOSURE
(Excluding travel and risk costs)

Il

5

U

Il

c - ,05

c = .25

-410,629.6

-385,592.4

E = .25

-1,054,269,5

-980,322.5

-875,515.04

e = .50

-1,870,000.4

-1,798,507.2

O

-407,420,3

-1,580,785.6

NET BENEFITS OF THE CLOSURE
GIVEN A 10% REDUCTION IN B'S DEMAND

Il

Ln
O

= .25

CO

O

W

Il

E

-343,496.5

-526,389.4

-231,603.4

-936,989.3

-932,515.2

-878,927.76

-1,709,502.4

-I,613*771.0

-1,516,716.0
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TABLE 0 6

''

EACH HOSPITAL AFTER THE CLOSURE ■
USING THE LOGARITHMIC SPECIFICATION

Patient
Days ’

Assumptions
e = .07 c = .05 ..
.c

.15 ' ■

C=
E

' 28481.3,4

28481.35

=■ .25 c ~ .05

28729.18

.5

'■3

Ii
.Cl

E =

C = .25 ■

-

12.39
37.18
61.97

86.50

274.14

12.36
37.07 .

28729.2
.29143.70

C;= .15.

■29143.70

,25

247.88

. 28729.18 :

c'= .05

c=

' 85.75

. Price ■

. 28481,35 .

.25

■ .

Cost Per
Occupancy
Rate
■Patient Day

■ 61;70 :

87.74.

12.30

245,94

36.89, .

29143.38

61.49

■

ASSUMINGI A, 10% REDUCTION. IN COMMUNITY B 's DEMAND.
E

= .07 c = .05

28213.91

■ c =■ .15

■ 28214.04

c = .25
E

F= .25 c =

E =

.5

, 84.94
- ■

12.73
37.30

28213.91 .

.05

28397.40

c — .15

.28397.40

62.17
85.50

. 248.12

.21.41 .
37.22'

c = ..25.

28397.42:

■ ,

c=

28711.10.

86.44

.05

248.67

■

■; . 247.20

'

62.03
12.36

c = .15

28711.11

37.08

c = .25..

28710.78'

61.80

.
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T A B L E C - 7.

GROSS BENEFITS OF EACH REMAINING HOSPITAL

e = .07
E=

.25

£ = .50

'

c = .05

c = .15

3,008.197.3

9,012,228.0

15,022,287.0

1,108,729.7

3,326,081.5

' 5,566,512.9

2,237,272.7

3,729,146.2

745,974.09

c = .25

GROSS BENEFITS OF EACH HOSPITAL GIVEN
A 10% REDUCTION IN COMMUNITY B11S DEMAND
2,967,603.7

8,889,983.9

e = .25

1,090,968.1

3,272,812.2

5,478,973.6

2,197,139.1

3,662,190.3

E = .50

732,562.33

'

14,809,607.0

e = .07

. TABLE C-8
NET BENEFITS OF THE REMAINING HOSPITALS
USING THE LOGARITHMIC SPECIFICATION
m
CN

.15

U

c=

Il

c = .05
E

= .07

-8,103,514,6

5,904,546.8

15,924,665.0

E

= .25

-11,982,800.0

-7,548,096.0

3,067,233.2

E

= .50

-12,843,255.0

-9,860,657.8

-6,876,910.8

NET BENEFITS WITH DEMAND .REDUCTION
USING THE LOGARITHMIC SPECIFICATION
E

= .07

-8,096698.6

3,748,061.8

15,587,308.0

£ = .25

-11,909,990.0

-7,546,301.4

-3,133,978.6

£ = .50

-12,729,643.0

-9,800,489,6

-6,870,387.2

12.0

TABLE C-9 *
NET BENEFITS OF THE CLOSURE
■ USING THE LOGARITHMIC SPECIFICATION
£ = .07

404,707.3

. 395,374,3

411,868.5

E = .25

320,263.1

• 327,505.9

381,493.7

e = .50

197,693.7

228,748.0

260,951.8

NET BENEFITS OF THE CLOSURE WITH DEMAND
REDUCTION USING THE LOGARITHMIC SPECIFICATION

Il
W

O

411,523.3

E=

.25

393,073.1

329,300.5

314,748.3

E=

.50

311,305.7

288,916.2

267,475.5

*

Excluding■risk and travel costs.

238,889.3

74,511.5

APPENDIX D
CALCULATIONS USED TO OBTAIN THE
RESULTS PRESENTED IN EXAMPLE III
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TABLE D-I
NET BENEFITS OF THE REMAINING HOSPITALS
USING THE QUADRATIC SPECIFICATION
m
O

Il
O

c = .15

c = .25

.07

-3,103,282.2

4,232,005.7

.25

-5,788,754.0

-3,038,055.4

-274,582.99

.50

-6,711,820.3

-4,854,466.8

-2,924,496.7 ,

11,576.484.0

NET BENEFITS WITH DEMAND REDUCTION
USING THE QUADRATIC SPECIFICATION
E =

.07

-3,079,164.3

4,082,479.9

E =

.25

-5,701,840.9

-3,020,461.4

E -

.50

-6,589,506.1

-4,744,240.6

*

11,475,956.0
-314,814.21
-2,898,456.9

The effects oh the large hospitals are identical to those presented
in Appendix C and the small hospital in Appendix E. This applies
to all tables in Appendix D.
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TABLE D-2
NET BENEFITS OF THE CLOSURE USING
THE QUADRATIC SPECIFICATION

.07

-70,691.78

-71,414.4

-41,745.6

.25

-439,779.5

-391.822.0

-40,409.99

.50

-912,437.82

-856,716.24

-728,378.26

NET BENEFITS OF THE CLOSURE WITH DEMAND
REDUCTION USING THE QUADRATIC SPECIFICATION
r~46,573,88

G =

.07

-220,940,2

G =

.25

-352,866.4

-374,228.0

G =

,50

-790,123.62

-946,490.04

-142,273.6
-80,641.21
-702,338.46
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TABLE D - 3
NET BENEFITS OF THE REMAINING HOSPITALS
USING THE LOGARITHMIC SPECIFICATION

c. = .05

c = .15

E = .07

-5,004,706.7

2,325,197,8

9,662,879.4

E=

.25

-7,364,801,9

-4,658,532.1

-1,929,190.4

E = .50

-7,880,570.1

-6,060,937.4

-4,241,943.3

c=

.25

NET BENEFITS WITH DEMAND REDUCTION
USING THE LOGARITHMIC'SPECIFICATION

e = .07

-5,004,196.6

2,160,025.8

9,321,408.1

e = .25

-7,295,859.8

-4,657,832.8

-1,995,441.5

.50

-7,771,700.5

-6,004,786.3

-4,237,394.7

E =

125'

■ TABLE D-4

'

O

Il

CO

NET-BENEFITS.OF THE CLOSURE USING :
' THE LOGARITHMIC SPECIFICATION
. 434,537.7

440,734.7

457,500.2

e = .25

. ' . 397,023.6

400,541.26

428,325.04

s = .50

331,663.2

349,664.02

367,026.1

NET BENEFITS OF THE CLOSURE WITH DEMAND
REDUCTION USING THE LOGARITHMIC SPECIFICATION .
;

. 269,455.7

.07

441,244.8

e - .25

465,965,7

401,251.56

e = .50

. 440,532.8

. 405,815.12

e=

116,028.9
362,073.94
371,574.7

APPENDIX E
CALCULATIONS USED TO OBTAIN THE
RESULTS OF EXAMPLE IV
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TABLE E-I
DEMAjND FUNCTIONS F O R E A C H H O S P I T A L A FTER THE CLOSURE

Assumptions
e

e

E=

- .07

= .25

.50

10% Reduction
Intercept

' Demand Functions
c=

,05

Q = 7838.82 - 46.1355

c = .15

- 15.378

c-

-

,25

c = .05

Q = 9157.5

9,2271

P
P
-P

- 164.7705 P

c - ,15

-

54.924

c = .25

-

32.9525 P

c=

8852.25

P

.05

Q = 10989.0 - 395.525

P

c = .15

- 109.845

P

c=

- ' 65.9085 P

.25

' 7577.526

10622.7
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TABLE E - 2

•

E A C H H O S PIT A L A F T E R THE CLOSURE
U S I N G THE Q U A D R A T I C S P ECIFICATION

Cost Per
Patient Day

Assumptions

Patient
Days

Occupancy
Rate

e - .07 c = .05

7460.16

60.11

163.99

8.20

c = .15

7460.05

60.11

163.99

24.60

c = .25

7459.99

60.11

163.99

41.00

e = .25 c = .05

7813.16

62.96

162.58

8.13

c = ,15

7812.71

62.95

162.59

24.39

c = .25

7812.51

62.96

162.58

40.65

c = .05

8330.41

67.13

161.17

c = .15

8335.06

67.16

161.17

24.17

c = .25

8328.98

67.12

161.17

40.29

E

= .5

Price

8.06 '

ASSUMING A 10% REDUCTION IN COMMUNITY B's DEMAND
= .07 c = .05

7195.94

57.99

. 165.27

8.26

c = .15

7195.83

57.98

165.27

24.79

c = .25

7195.77

57.98

165.27

41.32

e = .25 c = .05

7498,05

60.42

163.82

8.19

c = .15

7497.61

60.42

163.82

24.57

. c = .25

7497.42

60.41

■163.82

40.96

c = .05

7948.56

64.05

162,15

8.11

c = ,15

.7947,64

64.04

162.15

24.32

c = .25

7947.16

64.04

162.15

40.54

E

E =

.5
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TABLE E-3 *
GROSS BENEFITS OF E A C H H O S P I T A L A F T E R T H E CLO S U R E
C=

.05

c = .15

c = .25

1,992,281.0

3,322,418.4

E =

.07

664,103i44

e=

.25

246,348.18

746,348,18

E =

.50

172,439.49

519,024.19

1,243,868.8
863,382.06

GROSS BENEFITS OF EACH HOSPITAL ASSUMING A
. 10% REDUCTION IN COMMUNITY B ’s DEMAND

E

= .07

622,140.84

1,866,516.3

3,110,777.6

E

= .25

' 232,688.94

698,028.6

1,163,413.4

E

= .50

. 160.751.53

482,230.54

803,637.25

TABLE E-4
NET BENEFITS OF THE REMAINING HOSPITAL SYSTEM
USING THE QUADRATIC SPECIFICATION

E

= .07

-559,288.2

E

= .25

-1,023,915.4

-523,920.34

-262 j,890.8

E

= .50

-1,170,172.7

-824,337.43

-478,999.65

768,907.4

2,099,054.6

NET BENEFITS OF THE REMAINING HOSPITAL WITH THE
DEMAND REDUCTION USING THE QUADRATIC SPECIFICATION

E

= .07

-567,132.16

677,261,48

E

= ,25

-995,641.61

-530,229.87

-64,813.94

E

= .50

-806,479.29

-484,994.74

-1,128,107.5

1,921,532.7
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TABLE. E-5
NET BENEFITS OF REMAINING HOSPITAL SYSTEM AFTER THE CLOSURE
c=

.15

a

.05

U

=

11

C

4,198,109.2

-1,537,814.8

= .'25

-2,047,830.7

-1,047,840.7

-52,578.15

-2,340,345.4

-1,648,674.9

-957,999.29

E

W

O
LA.

-1,118,576.4

Il

e = .07

NET BENEFITS OF REMAINING HOSPITAL SYSTEM
GIVEN THE REDUCTION IN DEMAND
e = .07
E =

.25

E =

.50

'

-1,134,264.3

1,354.523.0

-1,991,283.2

-1,060,459.7

-129,627.89

-2,256,214.9

-1,612,958.6

-969,989.49

3,843,065.4

131.

TABLE E-6
NET BENEFITS OF THE CLOSURE

O

CO
Il

c = .05

e = .25
- .50

c = .15

c = .25

266,036,76

267,800.8

302,100.4

174,709.4

196,678.4

215,678.19

45,124.94

85,074.48

124,029.13

NET BENEFITS OF THE CLOSURE GIVEN

E = .07

250,348.86

e=

.25

231,256.9

184,059.4

138,628.45

CO
11

Ln
O

10% REDUCTION IN COMMUNITY B'S DEMAND

129,255.44

120,790.78

112,038.93

84,509.0

-52.943.4
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• -TABLE E - 7 ■'
E A C H H O S PIT A L A F T E R THE CLOSURE

USING THE. LOGARITHMIC SPECIFICATION .

Assumptions

Patient
Days

e =' ,07. .05

7330.38

59.07

- 220.43

7329.88

59.07

220.43

33.07

,25

7330.26

59.07

220.43

55.11

e = .25 .05

7344,20

59.18
:■

220.29

11.01

.15

7344.17

59.18

220.29

33.04

.25

7343.80

59.18

220.29

55.07

■ 59.44

219.96

11.00

'

-15'

E = .50 .05

'

7376.22

Occupancy
Cost Per
Rate
. Patient Day

.

.

.

Price
11.02

•15

7376.34

59.44

219.96

33.00

.25

7375.17

59.44

219.96 .

55.00

223.25

11.16

■

WITH DEMAND REDUCTION
E =

.07 .05

70,62.6

.15

. 7062.6

56.91

33.48

.25

7062.5

56.91

55,81

E = .25 .05

■

7010.21 ,

56.91

. 56.49

223.81

11.19.

.15 -

7010.19

56.49

33.57

.25 ;

7009i81

56.49

55.95

E = .50 .05

6936.21

■

.15

- 6936.18

56.89.

:.25

6935.12

55.88

56.89 ■

224.62

11.23
33.69

224.63

56.16

■
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• TABLE E-8.

GROSS BENEFITS OF EACH HOSPITAL
c = .05.

c=

c = .25

.15

662,886.26

1,988,559.8

3,316,356.2

E = .25

'244,451,7

: .733,352,1

1,222,191.9.

E=

163,530.8

e=

,07 '

.50

491,891.23

8-18,754.5

GROSS BENEFITS. OF EACH HOSPITAL
GIVEN A 10% REDUCTION IN COMMUNITY.B 'S DEMAND
E =.. .07

620,878.12

1,862,720.3
.

s=

.25

228,090.06

684,268.57

E = .50

151,132.56

453,463,26

3,104,457.2
.:
1,140,413.4
755,634.88

,
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TABLE E-9
NET BENEFITS OF THE.-REMAINING HOSPITALS
USING THE. LOGARITHMIC SPECIFICATION
c = .05

c = .15

c =, .25

E = .07

' -1,905,898,8

E = .25

-2,746,804.2

-1,768,990.2

-791,147.6

E=

-2,917,885.1

. -2,261,217.0

-1,606,975.8

.50..

. 745,668.7 .

3,40.1,094.0

NET BENEFITS WITH DEMAND REDUCTION
USING THE LOGARITHMIC SPECIFICATION

E = .07

-1,911j694,7

■

571,989.7

E = .25

-2,681,730.1

-1,769,364.1

E r .50

-2,813,757.9

^2,209,083.0

3,055,508.2
-856,904.35
-1,604,402.3

135
T AB L E E-IO

= .15

s -

C

Ii

c - ,05

O

NET BENEFITS OF THE CLOSURE
USING THE LOGARITHMIC SPECIFICATION

e = .07

476,762.1

473,701.0

503,132.1

E = .25

473,783.7

473,576.58

475,156.42

e=

465,632.8

470,580.06

473,100.3

.50

NET BENEFITS OF THE CLOSURE WITH DEMAND
REDUCTION USING THE LOGARITHMIC SPECIFICATION

.07

470,966.2

300,022.0

157,546.3

.25

538,857.8

473,202.68

409,399.67

.50

. 569,760.0

522,714.06

475,683.8

''i

FOOTNOTES'
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1.

A general discussion of the theoretical basis of cost-benefit
analysis is provided by Sassone and Schaffer, p..6-12. These
authors cite more indepth references. See also Mishan, p. 382-411.

2.

For discussions of the willingness to pay and consumer surplus
concepts see any introductory cost-benefit analysis or economics
text.

3.

A good elementary discussion of marginal cost is provided by
Heynes, p. 64-73. See also Hirshleifer, p. 235-241 or any other
introductory microeconomics text.

4.

For discussions of the appropriate discount rate see Sassone and
Schaffer, p. 97-128. More indepth references are provided by these
authors also.

5.

The implications of the violation of this assumption will be dis
cussed when necessary.

6.

This approach was used by Cicchetti and Freeman, p. 510.

7.

See Acton, 1976 for discussion of these and other approaches that
have been used to value lifes. .

8.

If residents of Community B are consuming services in Community A,
they will be unambiguously better-off after the closure. It is
not expected that residents of Community A would consume services
from Community B, since closure candidates are typically small
low-utilization'hospitals.

9.

Insurance coverage further reduces the incentives for the search
of a new physician since patients.pay only a fraction of the hospi
talization costs.

10.

See Berki, p. 31-44 for a discussion of these different approaches.

11.

The formula was used by Dardis, Aaronson and Lin, p. 697 to quantify
the loss of consumer surplus from the removal of a product from the
market. The P.Q. term was added to convert the formula .to estimate
total willingness to pay.
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