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of SMSA Differences in Occupancy
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ABSTRACT: This study examines the determinants of regional differ-ences in the utilization of
short-term general hospitals in StandardMetropolitan Statistical Areas (SMSAs) in 1967. Three interrelateddependent variables are used: the bed rate (the number of beds perthousand population), the occupancy rate (the proportion of days iii theyear the average bed is occupied), and the admission rate (the numberof admissions

per thousand population). ¶ The analyses of the occu-
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pancy rate and the bed rate are largely i)ased on the existence of
short-run (stochasticI variations in the demand br hospital care. Be-
cause of the costs of constructing and maintain;ng rarely used capacity
and the costs associated with delayed treatment due to insutticient
capacity, the randomness of deniand for care is an essential ingredient
in hospital planning. The empirical analysis indicates that the hospital
sector appears to respond to the short-run variations in demand, to the
cost of delayed treatment, and to a positive income elasticity of
demand for available hospital beds. ¶ Beds in different hospitals are
now imperfect substitutes for each other. Hospital facilities could be
used more efficiently by coordinating admissions among hospitals in
an SMSA and by removing artificial barriers to admission in particular
hospitals (e.g., veteran status). With the existing stock of beds, a
coordinated admissions policy would give the average SMSA an excess
bed capacity in all but one week in about thirteen years. This would
appear to represent "too much' capacity. ¶ The analysis indicates
that hospital admission rates are greater in SMSAs where there is more
hospital and surgical insurance coverage, more unused capacity (lower
occupancy rate, greater bed rate), more surgeons per capita, an ab-
sence of HMOs, and more nonwhites. The presence of nonsurgical
MDs is apparently not related to hospital admissions.

[11 INTRODUCTION AND SUMMARY

Introduction

The level and distribution of hospital services are a matter of continued
public interest. Concern stems from such considerations as the adverse
effects of delayed treatment arising from insufficient hospital bed capacity,
on the one hand, and the cost of maintaining unused beds, on the other.1

Utilization of rionfederal short-term general and specialty hospitals in the
United States has been in an uptrend in the post-World War Il period, as
shown in Table 1. Admissions jumped from one for every 10 persons in the
population during the late 1 940s to one for every 6.7 persons by the early
1970s. At the same time the number of beds in such hospitals increased
dramatically relative to the population. Hospital bed occupancy rates (the
proportion of days in the year the average bed is occupied) continued a
steady postwar rise, generating fears of shortages, till 1969, after which
they started a downward trend, partly because of a decline in the average
length of stay.2 This increase in hospital utilization is of especially great
interest because hospital costs have been growing rapidly over time: the
American Hospital Association reported that the average daily cost of

S
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TABLE 1 Utilization of Short-Term General and SpciaIty
Nonfederal Hospitals, Selected Years, 1946 to
1974

St )URCES- 946 to 1960: Histon ai5tatiiic of hc (Jrit.J Sats roar ( vhnial Trrnrs to the t,'orr:U.S Bure.ru of the census, 1965. Series l\t, 8198. 208, 251, 252.1q65 to 1970: Sratitkal Abstact of the Uotoi IrS, 9'. US. HUO,'.IIr Ot the (r'r,Su1972, Tab'es 2, 104, 107.
1 974: Arrtei can Hosçiital

Association.NOTE: The same dfin9ions are used throughoot the tune series.

caring for patients in short-term general hospitals was $105 in 1972, ornearly double the 1966 cost.3
IAverage values for the United States mask substantial regional differ-ences in the patameters of hospital

utilization (see Table A-4 in theappendix). For example, among the forty-eight
coterroinous states in 1971,the number of admissions to nonfederal

short-term general hospitals perthousand population was less than 125 in five states (Delaware, Idaho, aMaryland, New jersey, Rhode Island) and in excess of 1 85 in three states b(Montana. North Dakota, and West Virginia).4 There was also substantialvariation in the relative number of nonfederal short-term general hospital Tbeds-seven states had 3.5 or fewer beds and ten states had 5.0 or more as
beds per thousand

population. Occupancy rates for these beds ranged froma low of 61 percent in Wyoming to a high of 83 percent in New York. asAlthough hospital bed occupancy rates are declining nationally, alleged in
regional maldistributions and political and economic pressures still exist toinduce or retard hospital construction.5

\vt
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th,
Summary

re)
This study develops an economic framework for analyzing the utilization of theshort-term general hospitals in a region.6 The three interrelated dimensions ho
of utilization explicitly under study are the annual

occupancy rate (OR), £
the annual admission rate (admissions per thousand

population, ADMS'), ado
and the bed rate (beds per thousand population, BEDS).7 The theoretical Per

a

Year

Admissions
(per thousand (per
population)

Beds
thousand

population)

Occupancy Average Length
Rate of Stay

(percent) )davs)

3.4

3.3
3.5

3.6
3.8

72.1
73.7
71.7
74.6
76.0

9.1

8.2
7.8
7.6
7.8

1946
1950
1955
1960
1965

96.6
109.9
115.6

127.1

136.2
1967 135.8 4.0 77.7 8.31970
1974

142.8
155.5

4.1

4.4
78.0
75.3

8.3
7.8
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equations for explaining regional differences in hospital utilization are
gth discussed in section 2 and cstiniated empirically in section 3.

In the empirical analysis, Standard Metropolitan Statistical Areas
(SMSA5)8 serve as my unit of observation for two reasons. First, SMSA
borders are designed to represent population centers and are clearly better
suited for this purpose than city, county, or state boundaries, It seems
reasonable that this is also true for "health" regions. Potential patients,
doctors, and hospital administrators are presumably concerned more with
"reasonable commutation distances" than with city or county boundaries.
Second, the data needed for this study are generally available on an SMSA
basis and form a sufficiently large sample (192 observations). To my
knowledge this is the first time SMSAs are used as units of observation in
an econometric analysis of several interrelated parameters of short-term
hospital utilization, Individuals (microdata), hospitals in a particular geo-
graphic area, or states have served, instead, as units of observation in
previous U.S. studies.

The model assumes that hospitals vary neither the direct money fees they
charge patients nor their total bed capacity in response to short-run
variations in the demand for admissions, but that they do take these

or variations into account when determining the long-run level of prices,
beds, and occupancy rates. Costs are incurred from constructing and main-
taining beds that are unoccupied (excess capacity). In addition, there are

e also costs of a different nature from delaying or denying admissions
1, because of a lack of unoccupied beds. The latter costs include the greater

pain and suffering, increased probability of death or permanent disability,
and greater curative costs arising Irom delayed treatment. Other things
being the same, the greater the proportion of unoccupied beds, the smaller

al the probability of an admission being denied because of hospital crowding.
al This means that there is an efficient level below 100 percent for the
re average annual bed occupancy rate.

The randomness of the short-run demand for admissions is an essential
aspect of the analysis of occupancy rates and bed rates. If there is an

d increase in the relative fluctuations around the expected level of the
o short-run demand for admissions, the probability that a desired admission

will be denied can remain the same if the average occupancy rate is
smaller and the bed rate greater. Using the binomial theorem, it is shown
that the short-run fluctuations in demand for hospital care are greater
relative to the average demand the lower the admission rate, the smaller
the size of the population, and the lower the substitutability of beds among
hospitals.

Empirically, the average occupancy rate is positively related to the
admission rate. A 10 percent higher admission rate is associated with a 2.4
percent higher occupancy rate. Similarly, we find that more I)OPulous



SMSAS do maintain higher O( cupaflcy rates and ha c fev er beds Ix'rcapitathey appear to make more vtfI( U'Ot I.N(' U? bORtl (d( jties Forexample, a fourfold increase in the populatiofl irom 300000 (Albuquer-que, New Mexico) to .2 million (Denver) woukl lead to a 7.7 flercergincrease in occupancy rates without increasing the prohahi I dv that a de-sired admission will he delayed or denied. This can come Jl)oUt
throughincreased admissions, a longer length 01 stay, or a reduction in the bedrate.

Beds can be viewed as reriect substitutes tor each other in the samehospital, hut as less than perfect substitutes for beds in other hospitalsbecause of limited physician affiliations arid imperfect communication ofbed vacancies, among other reasons. This suggests that for the samenumber of beds, the larger the number of hospitals is in an SMSA the lowerthe average substitutability of beds for each other and the )os'r theoccupancy rate will be.
If hospitals in an SMSA coordinated

their admissions and acted as it theywere one, the occupancy rate in the average SMSA could be increased b'3.5 percent, with no increase in the probability of denying an admission.This would permit a higher rate of utilization of the existing tacilities or areduction in the bed rate. However, the appropriate I)OlicY nee(l not be thephysical merging of hospitals, since there may be diseconomies of scaleand additional
transportation costs associated with one aige central hospi-tal compared with several small neighborhood hospitals. What issuggested, instead, is that the substitutability of beds in different hospitalscould be increased by a coordinated

information system on bed vacanciesand admissions. Current computer technology is adequate for this coor-dinating function, and multiple hospital affiliations
among doctors make ita realistic procedure.

Institutional barriers to patient entry also tend to reduce the substitutabil-ity of beds in different hospitals. For example, an artificial distinction existsbetween federal and nonfederal (state and local, proprietary and voluntary)hospitals because of special
requirements for the use of the former (e.g.,veteran status>. If these recuirenients were eliminated, the nuniber of bedsper capita could be reduced.

The hospital sector apparently does respond to the cost of delayingadmissions. With admission rates held constant, SMSAs with a greaterproportion of emergencies in their case mixheart attacks, strokes, acci-dents, et ceteraappear to maintain a greater number of beds per capita.What is the probability that all the hospitals in an SMSA will be at fullcapacity and will have to deny
some admissions? According to our

estimates the probability that a weekly hospital
occupancy rate will reach100 percent in an SMSA is 0. 1 5 percent, or one week out of about thirteen

years. Although an optimal rate is not
computed, this estimate seems ery

330
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kv 1 ii is not hiaci'rl, it stipcests that the 1 )67 levels 1)1 occtipancv may
have been below an etticient level, pOSSII)ly because of the poor corn-
muriication of bed availability among hospitals in an SMSA. For the United
States as a whole, average bed occupancy rates fell from 78 percent in
1 967 to 75 percent in 1 974 (see Table 1), suggesting even greater inef-
ficiency in hospital utilization.

The analysis of hospital adniissions assumes that potential patients are
responsive to the price of hospital care. Hospital admission rates are higher
where there is more insurance coverage for hospital and surgical care,
presuniably because insurance lowers the direct cost to the patient of
hospital expenses. The presence of an HM() (Health Maintenance Organiza-
tion) reduces the admission rate ri an SMSA, perhaps becaLise of the
incentive on the part of the HMO physicians and administrators to substi-
tute less costly out-of-hospital care and to engage in less surgery than
physicians in a fee-for-service practice. It appears that lIMOs max' go hand
in hand with fewer hospital beds per capita through affecting the admission
rate, rather than through a more direct route.

More surgeons per capita are associated with a higher admission rate,
possibly for the following reasons: surgeons migrate to regions with a
higher demand for their services, the presence of more surgeons reduces
the price of operations, and surgeons create a demand for their own
services because of poor information on the part of patients. By contrast,
the presence of nonsurgical physicians appears to be unrelated to the
volume of hospital aclniissions.

Hospital administrators and physicians tend to deal with short-run 'aria-
tions in the demand for admissions on the basis of the urgency of 'need''
for hospitalization rather than on the basis of nioney price. Empirically, we
find that admission rates are lower when hospitals are niore crowded, that
is, when the occupancy rate is higher or when there are fewer beds per
capita for the same occiipancy rate (elasticity 0.34).

Climate is an important determinant of the demand for hospital care. For
example, the higher mean January temperature in \'Vashington, D.C. (37° F)
compared to Boston (30° F) can account for a 7.6 percent lower admission
rate, and a 1 .6 percent shorter length of stay

The income or wealth of an area also plays a role in its health sector.
Hospital admission rates are lower in vealtFiier SMSAs (elasticity 0.7),
possibly because of better health or the gieater purchase of preventive
medicine or out-of-hospital care. Yet, with admission rates held constant,
there is a positive income elasticity of demand for a lower probability of a
denied or delayed admission. This is reflected empirically in a higher bed
rate in wealthier areas (income elasticity -1-0.25).

The analysis provides a confirmation of "Roenier's Law"--that an in-
crease in the stock of beds results in these beds being occupied. An

1-lospital Utilization: SMSA Differences in Rates 331
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(2] THE THEORY

exogenous 10 Xrc nil! in( rease in beds raise the acInnssinrl rate by
percent ,in1 thr' 'nth ot cLv by 49 per(ent, and reduc the hfl(
rate by .1 percent. Thus, 83 percent ol the expa ncled hid '. dp,l( tv
becomes occupied.

The analysis can also be used to examine the relation between ,

presence ot nonwhites in an SMSA and the paranieters ot hnspti uiii.
tion. Nonwhites have a higher admission rate and a longer length o stay
than whites, presumably because of their poorer health and their greater
use of public hospitals where length of stay is longer. I-h)wever there jç
apparently no relation br'tveeri the percent nonwhite in an SMS\ and thebed rate. As a result, hospitals are more cr )wded in areas s ith a greater
proportion of nonhites. At this stage of research it iS not known, unfortu.nately, whether this greater crowding is shared equally by the whites andthe nonwhites in these areas.

Introduction

A theoretical model for explaiiiing regional differences in the utilization of
short-term general hospitals is developed. Three measures of hospitalutilization are explicitly treated as endogenous or dependent variables: theannual occupancy rate, the annual admission rate, and the bed rate. Theannual occupancy rate (OR) is the proportion of clays in the year in whichthe average hospital bed in the area (SMSA) is occupied. That is, it is theratio of the total number of patient days of hospital care ulivided by theproduct 01365 and the number of beds (OR = PD/'365 BEDSJ. The annualadmissjon rate ann the bed rate are the nuniber of hospital admissions peryear and the nurnher of hospital beds, per thousand ot population n thearea, respectisely

The Framework

Our analysis of hospital utilization
assumes the existence of both short.runand long-run markets for hospital care. In the short run the bed rate in anSMSA is assumed to be inelastic because of the large fixed costs of addingbed capacity However, in the long run the supply Curve of hospital beds inan SMSA is assumed to he perfectly elastic in tlìe relevant range."Figure 1 shows the short-run supply and demand for hospital admissionsin an SMSA with a fixed number of beds 1 The price of an admission to thepatient is not just the fees for the room, board and other services provided
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by the hospital. It encompasses a hrnarl prui concept, including the value
of the extra discomfort, loss ot earnings, and curative costs caused by a
delayed admission and the pourer quality of service that may arise iruni
crowded hospital conditions. At a higher price fewer admissums are
demanded.

The height of the short-run market demand curve in an SMSA at a
moment in time is a function of systematic and random elements. The
systematic variables include the demographic characteristics of the popula-
tion, the extent of health insurance coverage, et cetera. At a moment in
time, at each price ol admission, each individual has a probability of
''demanding" an admission, the randoni element in the short-run demand
for admissions is due to the aggregation across individuals of the outcome
of this random process. Thus, the short-run market demand curve fluctuates
randomly about its expected value. The urves D,D0 and D1 D ri Figure 1
are two short-run demand curves.

FIGURE 1 Short-Run Supply and Demand for
Hospital Admissions

Price

P2

P1

P0

0

NOTE: SS = short-run suppl curve
DD and D1D1 = short-run dencsnd cues
cc = hospital capacity (tOO'S OR)
OA,,
oc supply occupancy rate at price P.,

Demond Curve
resulting in 100% OR

D0= Expected demand

C

Admissions per unit of time
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If it is assunied that the bed rate arid average length ot stay are constant
in an SMSA in the short run, the price-inelastic line C( in Figure 1

represents a 100 percent OCC1Ip1fl(V rate--capacity utilization---ot hospital
beds. If there were no fluctuations in the demand for hospjtal admissions,
hospitals Could maintain a 100 percent bed occupancy rate each day. Then
CC would be the short-run supply of admissions. However, a 1 00 rx'rcett
daily occupancy rate need not be efficient if there are fluctuations in
demand and if there are costs associated with a delayed or denied hospital
admission. The larger the relative random fluctuation in the demand for
admission and the relative cost of a delayed or denieo admission are, the
greater the efficient amount of unused capacity is on the average day Sc) as
to satisfy the deniand for admissions in all hut I OOo percent of the time
periods.

Hospital administrators and doctors are assumed to respond to a rise in
the short-run demand curve for admissions by increasing the number ot
aclrnisions and hence the occupancy rate. lHosvever, higher F)ed Occu-
pancy rates are costlythe marginal cost of providing hospital care in-
creases as the hospitak approach capacity utilization. Hence, the short-run
supply curve is upward rising and is assuniecl to be perfectly inelastic at a

100 percent bed occupancy rate.'
Suppose, for example, the short-run demand curve is D0D,, in Figure 1

and the short-run shadow Price and number of admissions are P, and A,,,
respectively. BecaLise of random factors the short-run demand curve shifts
to D,D,. For the same nuniber of actual admissions A0, the new demand
curve implies a higher shadow price of an admission P2. The higher
shadow price would arise from the greater proportion of potential patients
who are denied, or given a delayed, admission.' However, at this high
shadow price hospitals will supply more admissions and increase the
occupancy rate. The new equilibrium in response to the increase in the
short-run demand curve to D, D, is at P,, A,, which represents a higher
price and quantity of admissions than in the initial equilibrium.

An occupancy rate equation is developed later (see equation 21 and
Table 2) in which SMSA differences in occupancy rates are specifically
related to SMSA differences in the factors that result in fluctuations in the
short-run demand for admissions. An admission rate equation is also
developed (see Table 3) to analyze the effects of SMSA variations in the
systematic factors determining the deniand for admissions.

In the long run the bed rate in an SMSA is not constant. The demand
nirve for hospital beds in an SMSA is a function of two aspects of the
demand for admissions The first is the demand for beds lo satisfy the
long-run systematic demand for admissions. The second is the demand for
beds to satisfy the randomly fluctuating short-run demand for adniissions in
all but lOOcc percent of time periods (a < .50). At a higher shadow price

I
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TABLE 2 Occupancy Rate Equation
(dependent variable: the natural log of the occupancy
rate, InOR)

4).

Rarrdoniness model variables
Admission rate ,\DMS
Square root ot inverse / I = spo
ot population V POP
Square root of number
of hospitals SQl IOSP

Bed stock variable
Bed rate BEDS'

lengtlo of stay variables

.5-

of admission fewer admissions and hence fewer beds are demanded (see
Figure 2). For the reasons indicated above, the long-run supply of hospital
beds in an SMSA is assumed to be perfectly elastic. Thus, in the long runt
the observed bed rate is a function of the long-run systematic demand for
hospital admissions, the amplitude of the short-run fluctuations in the
demand for admissions around the long-run expected level, and the height
of the horizontal supply curve for hospital beds. The equation for the
long-run demand for beds is developed below (see equation 25 and Table

Randomness of Demand for Admissions The maintenance of a hospital
bed and its auxiliary equipment and personnel is costly. If a known
constant number of beds were demanded each day in each hospital,
occupancy rates of less than 100 percent would represent wasted re-
sources. Since there is fluctuating demand for hospital services, however,
the presence of 'unused capacity" on the average day in an area may be
efficientup to a point, vacant beds are a productive resource. The extent
to which hospital utilization rates do, in fact, respond to fluctuations in the
demand for admissions is a major aspect of our analysis.

Other studies, to be sure, have used the randomness of admissions as a
basis for analyzing hospital occupancy rates.'4 This study, however, differs
irom the others in terms of (1) the specification of the randomness model
(including the effects of population size and number of hospitals), (2) the
treatment of the admissions variable as endogenous rather than exogenous,

5. Percent nonsvliitc NWHT
6. Percent change in

population 'CHI'OP
7. Mean lanuary temperature ANTEMI

Explanatory Variable Symbol Prcdk:ted Sign
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TABLE 3 Admission Rate Equation
(dependent variable: admissions per thousand
population, ADMS*)

Explanatory Variable Symbol Predicted Sign

'Qustron mark rndicates ambiuouc sign

and (3) the application of the model to regional differences in hospital
utilization rather than to hospital differences within an area.

Let us specify an accounting period of D days, where D days nìay be one
day, seven days, or 365 days. In the time period of D days an individual is
either admitted to a hospital or he is not. That is, "admission to ahospital" is a dichotomous variable for an individual. Let N designate the
observed number of admissions in an area in time period t, and POP
designate the size of the population. Then, Ne/POP is the observed
admission rate in the area for the time period t, D days in length.

Let p designate the long-term admission rate in the area, that is, the
admission rate in the statistical universe. The expected number of adrnis-sions is E(N) = p(POP). The observed nuniber of admissions in any one

Supply shift 'ariahes
Natural log ol occupancy rate nOR
Bed rate B E[)S*

Insurance variable
Hospital and surgical insurance
per capita HI

Income variable
Median family income INC

Medical Sector variables
Nonsurgical MDs per thousand
population GENMD*
Surgical MDs per thousand
population SURG ±
Insurance-nonsurgical MD
interaction (Hl)(GENMD)
Insurance-surgical MD
interaction (Hl)(5tJRG)
HMO HMO
Medical students I)er hundred
thousand population MST'C +

State of health variables
it. Mean January temperature JANTEMP

Percent of the population nonwhite NWHT +
Mortality per thousand population MORT* +
Demographic variables (age and sex)
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FIGURE 2 Iong-Run Supply and Demand
for Hospital Beds

Price

(3 CViPD) SD(PD) S\/POP(p)(1 - P) 1 1 (1 - I)
[(PD) [S(POP)p (POP) P

p

Beds

NOTE: SS long-run supply curve
DO and [)'[)' = long-run deniand curve
a demand for beds to satif CXC( td

number of admissions
b = demand for beds to sahsfv all hut Itilta

Frcent of the fluctuating short-run demand
foi admission

time period, N1, is a random variable which Iornis a distribution around
the mean E(N).

The nuniber of patient days (PD1) of hospital care in the time period is
the sum across patients of all ol the lengths of stay. The number of patient
days (PD) can be thought of as the average length of stay (LS1) multiplied
by the number of admissions (N1). lithe mean length of stay does not vary
across time periods, the expected number of patient days is

Ill E(PD) = EI(LSHN)) = LS(p)(POP)

lJsing the binomial formula, the variance across time periods in patient
days is

(2) Var(PD) = ()2(pOp)(p)( I p1

The coefficient of variation, a commonly used measure of relative
variation, is the ratio of the standard deviation to the mean of a variable.
The coefficient of variation in patient days is
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TABLE 4 Bed Rate Equation
(dependent variable: beds per thousand population, BEDS*)

Expected admiss:ons
Admission rate

Stochastk. effect---
coefficient of variation

V"

Income varial)I(
\lechan tariiil incn'ne

Flea Rh sector variables

Percent of beds in

federal flosPitàlS
HMO
Medical students per hundred
thousand populat oil

Demographic variables
Emergermc deaths per thousand
population EMFRG*
Percent nonwhite ' NWHT
Percent change in population CHPOP

I .
V 15)1' I'

'Quest!on niark indcmtps anmhRu{,u) gn.

The relative variation in the number of patient days of hospital care
demanded is smaller, the larger the size of the population (POP) and the
greater the rate of admission (p).'

Using the central limit theoreni. if the demand for an admission by one
individual were independent of that by others, the demand for patient claysin a large area would be normally distributed across time periods, as isshown in Figure 3,7

Suppose, however, that individual demands for admission were posi-tively correlatecltIie probability is higher that Jones vil I enter a hospital if
Smith enters a hospital. This situation arises in tile course of epidemic
diseases or natural disasters. For the same expected number of admissionsthe variance in the nuniber of patient days of hospital care demanded isgreater (smaller) if individual demands for admission are l)oSitiveiy (nega-tively) correlated. The frequency distribution of patient days is no longernormally distributed, although it may still be symmetric around the mean.With a decline over time in the relative importance of infectious diseasesas a cause of hospitalization there has presuniably been a decline in thecorrelation among individual demand curves for medical care.
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FIGURE 3 Frequency Distribution of Patient Days
of Hospital Care
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Let us make the sirnphtying assumption that individual demands for
hospital admissions are statistically independent of each other. Then the
variation across time periods in the number ot patient clays demanded is
normally distributed. In order to have a sufficient number ot beck to satisfy
demand for admission for, say, 97. percent of the time periods, the
nuniber of beds in an SMSA shouki exceed the rilean number of patient
days by approximately twice the standard deviation of patient clays.
Although during the average period of D days there are 'unused'' bedS,
these beds are fully used (occupied) during about 2.5 percent of the time
periods.

let us designate a as the probability that the number of patient days of
hospital care demanded in the time period of D days exceeds the capacity
(number o beds times the number of clays in the time ijeriocl) of the
hospitals. '' The standardized normal variate Za indicates that the number
of beds is sufficient for all but lOOa percent of occurrences. Here, and in
Figure 3, a = 0.025 and Z 2.0.

The number of beds a community requires to satisfy the demand for
patient days, in lODa percent occurrences is

(4) B = !E(PD) - Z,,SD(PDfl -

That is, for only lOOa percent of occurrences will the number of patient
days demanded in the time period D exceed

E(PD + Z0SD(PD)

Factoring out E(PD) and rearranging terms,
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E(PD)The expected bed occupancy rate (OR) equals it thebeds is assumed fixed. Then,

E(PD
I(61 OR = =

Taking natural logs and using the relation that In) 4 a) a when a issmall, 20

nOR = - L,, )CV(PD;

Substituting equa hon (3) into equation (7j,

)n(OR = L,, - -

According to equation (8), the occupncy rate is positively related to thesize of the population the admission rate, and the proportion of Occur-rences in which the demand
exceeds the supply of beds (),21 Thisprovides us with two measural)le explanatory variables for inter-SMSAdifferences in occupancy rates: population size and the admission rate.When a bed is "acateci it is not always ininiediately reoccupjed byanother patient, even if there is queuing for beds. The bed may be vacatedtoo late in the day for the next patient to arrive, or the bed may be reservedfor a day or two for a patient 'ho is expected to arrive. 27 The 'use rate" ofa hospital bed shall be defined as the occupancy rate plus the proportion ofclays of potential

occupancy lost because of a late discharge or bedreservation Data on bed use rates (ho not exist. However the concept of"use" without occupancy may influence the relation between the admis-sion rate and the occupanc' rate.
The total number of bed days used in an SMSA in a year is the sum ofthe bed days of occul)anc and the bed clays "consumed" by lags betweensuccessis'e occupan(ies That is, in time l)eriod t.

USE1 N 13 N, LG1

where IC1 is the lag in filling a bed Per adrnissior The use rate (UR) isobtained by dividing equation (9) by 365)(B) or
U 0) (JR1 = = OR1 +36B 367(B(

Since N1 (p1)(POp) and at full capacity the use rate equals unity,(lifierentlating (JR with respect to Pt at full capacity when B is contan((ii) aUR ()OR
p ()LG + LG =0rip

'9 (465)18)
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Rearranging the terms, the margina effect ot the admission rate on the
occupancy rate is

2(1
i)p (3651(B)

LGr I

where e is the elasticity of the lag per adniission (LG ) with respect to the
admjssion rate (ps).

If on average a lag between admissions exists (IC > O and if this lag is
invariant with respect to adniission (e = 0), at 'full capacity the measured

occupancy rate will be less than 100 percent, and a higher admission rate
implies a lower occupancy rate. As long as the elasticity of the lag with
respect to admissions is larger in algebraic value than minus unity (i.e., e >

- 1, so that (1 + e) > 0). at full capacity occupancy rates decrease with an

increase in admissions.
Thus, it is hypothesized that, ceteris paribw, occupancy rates rise with

increases in the admission rate up to a very high level of occupancy.
beyond which further increases in the admission rate may have no effect,
or a negative effect, on the occupancy rate.

Returning to equation (5), by rearranging terms we can write

B [(PD) Z,,CV(PD)!

and after taking natural logarithms and usiiig the approximation ln( I + a)
a,

E(PD)1 + Z,,CV(PD)lnB In)
D

Substituting for the expected value and coefficient of variation in f)at!et
days,

-ln ! 1

The first two terms on the right hand side of equation (1 5) show the
relationship between the systematic variables and the bed late B/POP.
while the last term shows the relationship betveen the randomness of

admissions and the bed rate.

Coordination among I-Iospital Beds Thus far, the model has inipl icitly
assumed that all hospital beds in an area (here an SMSA) are equally good
substitutes for each other. This assumption of the absence of segmentation

in the hospital sector is unrealistic for several reasons.
First, there may be differentiation among hospitals in the demographic

characteristics of the patients they will admit. For example, short-term
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gorier-a hopita Is are ditteRntjated on tile I)ase. 01 aie children, eercilric ),
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Second, patienls may jew beds in dirt erent hospitals as being imperler
substitutes For e,ich other. This s ould arise because 01 real or perceived
(litterences among hospitals in social and phys ral amenities, ml giot,
affiliation, distance from lhe home of the patient or his relatves, et cetera

Third. hospital beds na be linpertect substitutes for one another be-
cause physicians have a I Im!ted nunibe, 01 hospital affiliations. Patientstend to "choose' a iiospitl on the basis of their physician's affiliation'.rather than choose a physician on the basis of his hospital affiliations,

The less-than-perfect substituthi! tv among hospital beds has an impl ica-
tion for the Lltiizalinn of Nospitl resources, it can he shown theoretically
that, ceteris j)iribns, the smaller the substitution di long hospital beds. the
less efficient the utnl izition of hospitals xviI! bc as ineisured hs a lower
occt:panc\ rate arid a higher bed rate

Suppose two SMSAs have the same popul dtion, admission rate, anddesired . The comma ities differ. however in that SMSA A has riniehospital (H, - 1), whereas SMSA B has k identical hospitals H11 = k), onekr each of the k deniiograph c groups and each ser'inig 1 001k percent of
the popii Ia lion. Bs' substituting eq nation (3) into eq vat ion (1 3) for r'oiii niflity A,

BDi = EPP) (1 + Z CV(PD)) = FPD (1 - 7 1

For community B,

B(D = k --z /J_ L_
V POP P

k

=E(F'Di RkZJ_LHL_

where k > I. Thus, B,1 is larger than B. Recalling equation (3), the naturallog of the occupanic' rate for communit' A is

(16) tnOR=

Therefore For comniun ty [3,

Ii)) ni()R - l

-- \ k id )R

Since the natural log ot a number smaller than unity is n1egil i\ e and OR <1.0, OR11 1.1), arid k > 1,
nOR,, -' lnO

(20) ORE, ORA

a
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That ic, releric parihuc her'aiice ot ecs pffjipl pooling of beds the hed
rate would be higher and the occupancy rate lower in the SMSA with more
hospitals.

This finding need not imply that there would he efficiency gaiils from
merging all of the hospitals in an area into one hospital. If this merging
were done all other factors would not be held constant, It is not clear
whether the merging of several small neighborhood hospitals into one
central hospital would entail additional social costs. First, there niay be an
increase in the average distance traveled t and from the hospital by
physicians, patients, and also the patient's visitors.23 These costs should be
evaluated not solely on the basis of increased opoortunity cost (time cost)
of travel to the hospital but also on the basis of the cost of delay in
receiving emergency medical treatment.24 Second, there is evidence that
larger hospitals, other variables held constant, are less efficient in (:oor-
dinating the myriad o( medical and nonmedical tasks performed within
hospitals.2' And there is the frequently asked, 1)111 perhaps unanswerable,
question of the optimal hospital size in terms of minimum average cost.26
Finally, there has been a development of capital-intensive but often little-
used forms of diagnosis, monitoring, and treatment. Substantial economies
niay accrue from concentrating this equipment in a small number of large
hospitals rather than keeping a proliferation of expensive hut underused
equipment in many smaller hospitals.

The model developed here clues not explicitly address itselt to the
optimal hospital size. It is, however, addressed to the coordination (com-
munication) among hospitals. Modern data processing techniques can be
used to anticipate hospital demands and coordinate admissions so as to
reduce bed vacancies.

Occupancy Rate Equation We can now develop the theoretical equations
for analyzing regional differences in hospital bed occupancy rates. Corn-
biiiing the niode!s for the randomness of demand for admissions and the
imperfect substitution among beds in different hospitals generates the
equation for the (h SMSA,

(21) IiiC)R, = - Z ,,1V1

where

= fjfOp
Pop 1p

and HOSP is the number of short-term general hospitals in the SMSA. The
parameter 4 is the standardized normal variate for the proportion (a1) of

instances in which the demand for beds exceeds the available supply of
beds in the tb SMSA. Although Z is not directly measurable for an



SMSA, the average value of Z, can he estimated b a regression of nOR
on V.27

The partial effects on the occupancy rate of each of the nleasurabk.
components of V can be estimated by regressing InOR as a linear function
of these variables. This forriiulation (as shown in Table 2) facilitates the
inclusion of additional variables in the analysis of occupancy rates.II an SMSA experiences an increase in its bed rate (beds per thousand
population), and the SMSA's admission rate and average length of stay
remain constant, the occupancy rate will fall.28 The exogenous increase inthe bed rate also tends to increase the admission rate. Therefore, SMSAswith higher bed rates may have higher admission rates and lower occu-pancy If the bed rate is not held constant, we could observe a
spurious negat;ve partial effect of aonlissioris on occupancy rates. Thus, thebed rate (BEDS*) is entered into the occupancy rate equation and is
hypothesized to have a negative partial effect.

With the adlnhiSsion rate and bed rate held constant, the occupancy rateis, by definition, a function of the average length of stay. It would be usefulto examine the effects on occupancy rates of several variables that mayinfluence the average length of stay. There is, for example considerablepublic interest in racial differences in the pattern of utilization of hospital
resources. Blacks tend to have a longer average length of stay thanwhites° This may be due to such factoms as poorer health, a greater use ofpublic hospitals because of a lower level of income and wealth, and lessdesirable housing conditions that make the home a less satisfactory substi-tute for the hospital mn the recuperation period. Then, with the admissionrate and bed rate held constant, populations with a greater l)roportion ofnonwhites (% NWHT) would have a higher bed occupancy rate.3Climate is another factor of interest. With the admission rate heldconstant, SMSAs in colder winter climates are expected to have longerlengths of stay for two reasons. First, since admission rates are higher incolder winter dlimates, the case mix is expected to be more heavilyweighted toward Serious cases where the mean January temperature islower, and more serious cases have longer average lengths of stay. Second,with case mix held constant patients are likely to be kept in the hospitallonger the less amenable the nonhospital environment is to recuperationNonhospital care is presuniably less producty than hospital care forrecuperatise purposes in a colder winter climate than in a warmer climate.The partial effect of mean January

temperature (JANTEMP) on occupancy.rates is h1ypothesjzeç to be negative.
Finally, the model can be used to test whether more rapidly growingSM3A5 (greater annual percent change in population, CHPQp) havelOWCr occupancy fates. The shorter length of stay flay be due to the betterhealth of migrants and the greater attractiieness to migrants of healthieren V iron nients

344 Barry R. Chisvick
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POP, HOSP

%NWHT, JANTMP

HI, SURG*, GENMD*
Demographic variables

INC, MST*C, HMO

EMERG* %FBBED,
%CHPOP, %NWHT

V

SOURCE: {quations (21) ncI 251 nd 1,bles 2. 3. ,nd 4.

Table 2 and Figure 4 summarize the theoretical regression equation for

the analysis of SMSA differences in short-term general hospital occupancy
rates. (A more detailed definition of the variables and data sources are
presented in the appendix.) The hypothesized signs for the partial effects of
the variables are presented. All of the explanatory variables, except for the
admission rate, niay be viewed as being caused independently of the
dependent variable, the natural log of the occupancy rate.

The admission rate is an endogenous explanatory variable, since it is, in

part, a function of the occupancy rate. Given fixed capacity in the short

run, tile cost of admitting a patient to fill a bed includes the cost associated

with the higher probability that a patient with a greater demand for
admission (e.g., with an illness in more urgent need of hospital care) will
be subject to a delayed or denied admission. The increase in the probahil-
ity of delaying a more serious case because of a particular hospital

FIGURE 4 Flow Diagram of tile Hospital
Utilization Equations

E xoqenous Erdoqenous
Variables Variables



346
Barry R. ('hjs u k

adniison is iero for kw levels 01 occupancy, hut rises as th ()( (Ul)1fl(\
rate increases, This results in a more selective admi',sions pUh( durrnj
periods of higher occripan y rates. Uliat is, less serious Cases Iorrii a Sflialler
proportion of a hospital's case mix (luring per:ods of high Occupancyrates,

Since the admission rate is an endogenous variable, it is not appropriate
to use ordinary least squares regression analysis for estimating the oc-pancy rate eqLiation. Instead, the equation is ('stiniated on the basis oftwo-stage least squares and a predicted aclniission rate.

Adrnision Rare Equation Economic demo raphic and institutional van-ables are used to explain regional differences in the admission rate ofshort-terni general hospitals.
The cost of admitting a patient to a hospital includes the value iSSo( atedwith the mr reased probability that this admission Will dekiv the Potentialadmission of a patient with a stuonger demand for hospital care. it is for thisreason that hospitals appear to be more SeleCt!ye i the cases they admitwhen they are crowded. Medical conditions for which rlelay in treatnientor alternative treatments are less costly ,ire Put lower down on theadmissions queue (luring periods oF high occupancy rates. Some of thosepersons whose initial request for an admission is denied will riot headmitted subsequently because they receive an alternative lorm of medicalcare, have a spontaneoUs cure including the discovery that there ias Oumedical problem) or die. Alternatjs'e forms of medical care includetreatment in the home, specialized hospitals nursing homes, and hospitalso1itSiCfe the SMSA.

Thus, we expect a negative partial effect of the occupancy rate, an indexof hospital crowding, on the adniissiori rate. In addition, with the Dccii-pancy rate held constant, more beds per capita in an SMSA imply a largerabsolute number of vacancies per capita and hence a lower sharlow pricefor an adn1is5ionsliich
results in a larger nuniher of admissions. To test a"beds effect," the bed rate (BEDS

) is entered as an explanator; variableand is hypotliesij to have a Positive partial effect On admissionsIt could he argued, however, that a positive Partial corrr'l,ition betweenthe admission rate and the her] rate is riot due to moi'e beds (ausing rioreadniissioris but, rather to a Ii igher demand for admissions causing morehospital beds to be construc ted. This suggests that the bed rate should beviewed as an endogenoijc variable (deterniinecl within the model), not anexogenous variable (determined outside of the model) in an analysis ofhospital admissi,i
In the shoit run the bed rate is viewed as fixed, and the hospitaladmission and occupancy rates are imiterrelateci In the long run, the bedrate ot fixed and the three variables are interdependent As the nuniljer
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o I)('(IS iduSt to long-run conditiofls, the u cupancv rate may rise some'
o its u idiJditv. (A model i developed belos for analyzing SMS\ differ
ences in the bed rate.) The analysis ot interregional differences in idmis-
sions is performed for both a 'short-run' model, using a predicted occu-
pancy rate and the observed bed rate as explaiiatory variables, and a

long-run model ,'' using a predicted bed rate.
It is often argued that the effect ot more extensive hospital and surgical

insurance coverage is to lower the patients direct cost of increniental units
of medical services and thereby to increase their incentive to purchase
more medical services. This increased purchase tiiay he clone directly by
the patient either through requesting more services or by searching for a
doctor who will pres( nbc these services. It may also occ:ur if the doctor,
seeing the lowered direc price to the patient, suggests or provides niore
medical care. This additional medical care may show up. iii part, as a
higher rate of hospital admission. Thus, greater hospital anrl sLirgical

insurance coverage tier capita (HI) is expe ted to be associated with a
higher rate of hospital ad fli iss ion.

In some states medical care can be privately purchased on a basis which
is not fee-for-service. A health maintenance organization (HMO) provides

prepaid group practice services. In consideration for a fee paid in advance
(without fee-for-service), an HM() assures the delivery of a broad range of

health services, iricri Liding physician arid hospital care. '

Since there is rio lee-for-service, the clients of an FIMO have an
incentive to demand more services, including hospital services, than

otherwise. The HMO, on the other hand, has an incentive to use the least
costly methods of improving its clients' health and to discourage the use of
servicessubject to the constraint that dissatistied clients need riot renew
their HMO subscription. It has been alleged, therefore, that HMO clients

receive a higher level of preventive (Tare, greater out-of-hospital curative

care, and less in-hospital curative care than those who rely on the
fee-for-service system.

This suggests the hypothesis that hospital admission rates are lower,
ceteris parihus, in SMSAs in which a larger proportion 01 the population is

in an HMO, but the relevant data are riot available. We can, liowes'er,

construct a ci ichotomous explanatory variable, HMO, which takes the
value of unity for an SMSA in a state in which an HMO exists, and a value

of zero if there is rio HMO. This HMO variable is hypothesized to have a

negative partial effect on the admission rate in an SMSA.
There are several reasons for a relationship between the nii mber of

physicians per capita in an SMSA and hospital admissions. First, the greater
the relative number of physicians, with demand for their services held

constant, the lower the cost and consequently the greater the use of their
servicesf' Second, if the supply schedule of physicians' services is held

L



fixed, communities with a higher demand tur health are have a largernumber of physicians per capita. 1-inally, it has IW('I) .11r'ged that phyi-Claus create their own demand. The more physicians pci capita, the inuremedical care received per capita; UI) the oe hand, physir i,)flS \VI5I) to "fillUp'' their day, and, on the other, patients place cuflsiderable faith in thephysician's advice as to the amount and type o1 medical care that shouldbe purchased.
The effect on hospital admissions of a larger number of physiciansdepends on whether

physicians' services are complenientary to or sub-stitutable for hospital services. Surgeons' services arc hospital-using. How-ever, it is not clear a priori whether hospital services are substitutes br orcomplements to the medical care provided by nonsurgicat out-of-hospitalphysicians. Thus, the number of surgeons per thousand population(SIJRG*l is hypothesized to have a 1)ositi'e partial ttect oh admissions, butthe partial effect of nonsurgical out-of-hospital physicians per thousandpopulation (GFNMD) is riot clear a priori. One might ask the question,Does the effect o the presence of a larger number of physicians depend onthe extent of hospital insurance coverage? In order to answer it, two linearinteraction variables are provided for hospital insurance and physicians-(HlMD*) and (Hl)(SG*).
The variable median family income lNC) is also included in theanalysis. Income may be a proxy variable for health status.3' Further, it isnot clear a priori

whether hospital admissions increase or decrease withIncome, with an initial level o health hekl constant.4° At any given level, ifpreventive or early curative care are less hospital-using than cure at laterstages, patients with higher incomes may have a lower adniission rate. On Lthe other hand, there may be a positive
income elasticity of demand corhospital-using curative medicine. Thus, no prediction is offered as to theeffect of median family income on the admisson rate.Hospital admission rates appear to be seasonal; they tend to he higher t'(in the fall and winter than in the spring and sunimer.31 Thus, if all othervariables that influence hospital admissions are held constant,

communities
with more severe winters will tend to have higher admission rates. MeanJanuary temperature (JANTEMP) is used as a measure of the severity of (he
winter and is hypothesized to have a negative partial effect on theadmission rate.

Si

Our dependent variablethe admission rateis defined as the number
tak

of admissions in the short-term general hospitals located in a particularSMSA in 1 967 divided by the population of the SMSA. An admission rate
obtained in this nianner is a biased

estimate of the hospital adniiscion rate
of the resident population of the SMSA. To obtain the population's true s

admission rate, the admissions of uonresidenis who used the SMSA's of
hospitals should be eliminated while those of residents s'ho entered mar
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short-term general hnspiials uiitside the SMSA should be included in the
data. Unfortunately, however, it is not possible to niake these adjustments.
An alternative procedure is to obtain a proxy for the net in-migration of
patients. On the assumptions that the net in-niigration would be greater the
more the SMSA is Lised as a health center and that an SMSA is more likely
to serve as a health center if it has a medical school--esoecially a large
onethe number of medical school students per hundred thousand popii-
lation (MST*C) is used here as a control variable.

Finally, the probability of hospitalization in a year is related to a person's
demographic characteristicsage, sex, and race. Thus, admission rates by
SMSA will vary with the demographic composition of the population, and
variables are included in the study to capture these effects: the percentage
of the population that is female (Yc FEMAL), the percentages of males and
females separately in the age groups 10 to 39, 40 to 54, and 35 years of
age and over, the live birth rate (LBR), and the percent of the population
that is nonwhite ( NWHT). It would also he desirable to hold constant a
measure of the "healthiness" of the SMSA's environment; the mean
January temperature captures some of this effect. With family income and
demographic composition of the SMSA held constant, the health status of
the environment may he highly correlated with the mortality rate (MORT*).

Table 3 and Figure 4 present the admission rate equation and indicate the
hypothesized effect of each variable. (A more detailed definition of the
variables and data soUrces are presented in the appendix.)

Bed Rate Equation The models developed above provide a framework for
analyzing SMSA differences in the number of short-term general hospital
beds. Recall that the model for the randomnes5 of demand for admission to
a hospital and the model for the lack of coordination among hospitals (see
equations 13 and 17) indicated that we can write42

B(D) = E(PD)I1 ± Z\'),

where

\/= fiibsi 1)
V POI p

Since E(PD) = (LS)(p), cliv cling both sides of equation (22) by (D)(POP),
taking natural logarithms, and using the relation ln(1 ± ZV) ZV.

ln(BEDS) = ln 4- ln)p) Z,, V

where BEDS is the bed rate. The bed rate is now expressed as the suni
of two effects: the demand for beds clue to the average (systematic) de-
mand for admissions,
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arid the demand for beds due to the randomness of admissions 7,, V. 1 he
demand for beds due to the systematic demand U r admissions is smaller
the lower the atlmrss,on rate and the shotier the length of stay. The (leimlndfor beds due to stochastic admissions is smaller the higher the admission
rate, the larger the size of the population, the smaller the number ot
hospitals, and the greater the desired proportion of occurrences in whjch
demand for beds exceeds the number of beds available (a).

It we can postulate a relation that explains SMSA variation in a WO can
develop aklitronal variables for explaining SMSA variations in the l)ed rate.What factors, then, could he postulated as being associated with a smaller
probability a) that admissions 'ill have to he delayed because of exces-sive cro\'dirig? It seems reasonabli that there would he a positive incomeor wealth elasticity of demand for a smaller probabilit of a delayedadni,ssjoii In addition, greater wealth in a community would facilitatecharity caprtal fund raising and decrease the cost to the comilmunity of
borrowing funds for the addition of hospital beds. Thus, it is hyly)tl1eSiZedthat a is a negative function arid 7,,, therefore, a positive fUnction ofmedian fanii ly income in the SMSA. The more important the role eniergen-cies play in an SMSA case mix, the greater the expected cost from adelayed or denied admission Thus, ceteris paribus, the more important theernergen( ies, the smaller the desired a and, consequently the higher thebed rate.14

With the admission rate held constant it can be 11ypothesjz((l that anSMSA serving as a medical center woukl l)refer a lower probability ofrejecting an "interesting"
(exotic) case because of a scarcity of beds. Inaddition the case mix is likely to contain a higher proportion of moreserious illnesses, which have a longer length of stay. The extent to whichan SMSA serves as a medical center, nleasured by the number of medicalstudents per hundred thousand Population (MSTC) is hvpothesjzrcl to bePositively related to the bed rate.

The variahile for the number of hospitl5 (HOSp) embodied in theco mpos ite expia nator \'ari able V ma v not fully caPture the ('ffect oniitilizatio,i of differences among hospitals If beds under different adminis-trati e control (govemnrip voluntary rJroprietry) were equally goodsubstitutes for one another the fraction of beds under a given ddlministration should have no effect on the SMSA'5 overall ben rate. However if onlyveterans can use federal short-term genera F hospitals the addition offederal hosprtal beds has a smaller and indirect effect on bed availabilityfor nonveterans than for veterans The addition of federal hospital l)eds inan SMSA is expected to increase the total number of beds in the SMSA but
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by less than the increase in the number of federal beds. State and local
government short-term general hospital beds are good substitutes 1or beds
in voluntary hospitals. Although proprietary hospitals charge higher fees
than nonprofit hospitals, there are no other special barriers to patient entry.
The proportion of proprietary beds in the total bed census is so criiall that it
is unlike!y that SMSA variations in proprietary hospital beds could have a
statistically significant effect on the overall bed rate.4 Thus, it is

hypothesized that the 'veterans effect" results in a positive relation be-
tween the proportion of short-term general hospital beds in federal hospitals
(' FEDBED) and the bed rate.

The parameter Zft can be hypothesized as a function of several other
variables. Roerner and Shonick suggest that clients in HMOs have a lower
admission rate because HMOs use a ''shortage' of beds as a mechanism
for restricting hospital admissions.46 This implies that, with the admission
rate held constant, there is a negative relation between our HM() variable
and the bed rate.

Since blacks have been subject to discrimination in the provision of
other public services,47 this may be true also of hospital services. In

addition, with nonprofit hospitals financed to a large extent by voluitary
contributions fron wealthy individuals and foundations, any discrimination
from these sources against blacks would imply that SMSAs with a larger
fraction of the population black or nonwhite ( NWI-IT) may have a lower
bed rate.

Finally, the bed rate in an area is a function of the svav its denominator,
population, changes. If hospital construction lags behind population
growth, the greater the increase in popUlation, the smaller the bed rate. Ii
the conimunity anticipates future demands on the basis of current pOpula-
tion growth rates, a positive partial relation would exist between the bed
rate and the growth rate of the population (ç7 CH POP). The population
growth rate effect would appear as short-run variations in Z.

The variable Z,, which is not measurable for individual SMSAs, has been
hypothesized to be a (unction of a set of exogenous explanatory variables.
For the sake of simplicity, a linear functional form is postulated,

Z = b ± b INC -i- b2 EMERG +

Substituting equation (24) into equation (23), we can express the bed rate
as a function of these exogenous variables:

InBEDS = ni
)

-i- In p + b0 \' + b1 V(INC) + b2 (V)(EMERG*)

In equation (25), the partial derivative of lnBEDS with respect to V,
evaluating the other exogenous variables at their means, provides an
estimate of Z. Since V is positive, the sign of the slope coefficient of the
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interaction terfli ot V with a variable is the same as the siii ot the partiilCtteCt of that variable on Z,, and on the bed rate.
Table 4 and Figure 4 present the bed rate equation. (For a detaileddefinition of the variables and data sources, see the appendix.)

[31 EMPIRICAL ANALYSIS
In the preceding

pages structural equations and hypotheSe' were de-veloped to explain regional differences in short-term general hospitaloccupancy rates, admission rates, and bed rates. Thic section presents theempirical estimation of these equations and tests the hypotheses for 1 967hospital utilization data, using SMSAS as units of observation. The (lata arcdescribed in the appendix.)

Occupancy Rate

The theoretical analysis developed in section 2 of the effect on theoccupancy rate of the randomness of the deniancl for admissions resultedin the equation

(26) nOR Z0V,
s'here

v HOSP(_L
1\' FOP p

is measurable, and 4 is not measurable for individual SMSAs. If theassumptions of the model are valid, the regression of the natural log of theoccupancy rate on V will not have an intercept, but will have a negativeslope coefficient, the absolute value of which is our estimate Z,, When thenormal distribution is used, the slope coefficient indicates the proportion ofoccurrences () in which the demand for beds in the average SMSAexceeds the available supply of beds.
Table 5 presents the regressions of nOR on V.48 The occupancy rate isexpressed in ratio form, the mean OR is 0.77, and the a(lnlission Virial)le pis the predicted

weekly probability of an admission for an individualthatis, the relevant time period is assumed to be D 7 days. When a linearregression is computed, we cannot reject the null hypothesis that theintercept is zero, which is consistent with our model.When the regression is forced through the origin, the slope oefticient isnegative, is highly significant, and has an absolute value equal to 2.974.With the use of the upper tail of the normal distribution, this value of Z,,
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TABIE 5 Analysis of Occupancy Rates

(dependent variable: InOR)
the partial

Regression Forced
Explanatory Linear Regression through the Origin

Variable Coefficient t-Ratio Coefficient t-Ratio

SOURCE: See appendix.

'I
V Pot' "

where p ix the predicted annual admission rate per thousand population dix ided by 52,000. The
admission rate is computed from the reduced form regression with the exogenous x'ariahies that enter the
admission rate and occunancv rate equations see Table A.3L
intercept forced througn the Origin.

implies a = 0.00 1 5 = 0.1 S percent. In other words, if an accounting
period D of one week is assumed, the demand for beds equals or exceeds
the supply of beds, on average, in only 0.15 percent of the weeks.

The value of a can be computed for various time periods (D). For
example, on approximately 1 3 percent of the days some potential patients
would he subject to a delayed or a denied admission.5° These point
estimates of a seem reasonable and provide additional support for the
model under investigation.

Table 6 presents a linear regression of the natural logarithm of the
occupancy rate on the randomness model variables and on four additional
variables. The (predicted) admission rate has a significant positive effect on
the occupancy rate: the greater the exogenous factors increasing the
admission rate are, the higher occupancy rates climb. The elasticity of the
occupancy rate with respect to the admission rate is +0.24 at the mean
level of admissions.

When hospital admissions are viewed as random events, larger popula-
tions have a more stable relative demand for hospital beds and arc
therefore able to maintain a higher occupancy rate. The variable SPOP, the
square root of the inverse of the population of the SMSA in thousands, has

a significant negative effect on the occupancy tate. Thus, occupancy rates
are higher in more populous SMSAs. As an exaniple, a fourfold increase in
the population from 300,000 (AlbuquerqUe. New Mexico in 1970) to 1.2
million (Denver) would lead to a 7.7 percent increase in bed occupancy
rates, with no increase in the probability of being denied a hospital

admission (a).
The model for imperfect communication of bed vacancies among hospi-

tals predicts that, if beds in different hospitals are not perfect substitutes for
each other, the larger the number of hospitals in an SMSA, the lower the

Vd -2.409 -6.63 -2.974 443
Constant -0.051 -1.58 b I)



TABLE 6 Two-Stagt Least Squares Analysis of Occupancy Rates
(dependent variable: InOR)
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OCcupancy rate. The Square root (it the iiiiniber of hospitals (SQH( )SP) isfound to have a significant negative effect on the ()CCtiJ)an( y rate. It there
%verc perlet I cornniun,citior of bed Vacancies, and the ho'pitals iii dflSMSA would act as i they were one at the mean (SQHOS P = 3.2) theOcCtipancy rate could be increased by about 3. per entwithout changing the prohalj:l Ity of a desired adniission being denied,The san1( percer increase in the number of hospitals 1111(1 in thepopulation size leaves unchanged the number ol hospitals per capita. The

OC( upancy rate, however, Woul(l increase if there were some cofllmurli(ation anlong hospitals as to bed Vacancies LmpiricaJJy, we find that this isin fact the situation'l
To sum up, the statistical significance of the number of hospitals indi-cates that there is less than trfect substitution of beds among hospitals; onthe other hand, the ncreas(1 in the occupancy rate acconlpanyirig aProportionate increase in the lxipulaton and number 1)1 hospitals iml)liesthat there is some substittjtini Thus, beds in different hospitals aJ)Xar tol)e imperfect substitutes for each other
The l)ed rate (BEDS*) the number of l)eds lx'r thousand residents, has asignificant negative etfect on the occupancy rate. A JO percent irl rease inthe bed rate decreases the occupan(-' rate by I .7 percent. lb is ProvidesSupport for Roemer's Law, according to which an increase in the bed rateresults in these beds being filled, with little chang' in the occupancy rate.The hypothesiZj Iiegativ(' relation between mean January temperature(JAN rEMP) arid the occupancy rate is ohse'ed With the predicted adniic-
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Enclogenous Explanatory Variable: Occupancy Rate As hypothesized, the
regression analysis indicates that the (predicted) occupailcy rate has a
significant negative effect on the admission rate.2 A 1 percent increase in
the occupancy rate, ceteris paribLis, decreases the admission rate by 2
percent (from Table 7, regression 2).

The variable BEDS* also has the expected positive effect on the admis-
sion rate. A 1 percent increase in the bed rate is associated with a 0.34
percent increase in the admission rate. Thus, there is a ''beds effect''
more beds, ceteris paribus, mean more patients (admissions) to occupy the
beds. Since the elasticity is less than unity, the occupancy rate increases or
the length of stay decreases in response to an increase in the bed rate.
Since it was found above that the elasticity of the occupancy rate with
respect to beds is --0.17, the implied elasticity of length of stay with
respect to beds is + 0.49. Thus, an increase in the number of beds has a 50
percent greater impact on length of stay than on the number of admissions.

The insurance variable (Hl)an estinlate(1 (predicted) value of the ben-
efits from hospital and surgical insurance per capita in the SMSAhas a

S

OSP) is
Ii there Admission Rate Equation

s in an The regression equation developed for explaining SMSA differences in
3.2) the hospital admissions (see Table 3) is estimated simultaneously with the
percent occupancy rate in our "short-run" modelTable 7and simultaneously
lenied. with the bed rate in our "long-run" modelTable 8.

-Ratio sion rate held constant, the colder the v.'inter climate the higher the
occupancy rates, presumably due to a longer length of stay. I all other
factors were the same, the difference in mean January temperature would

2.93 imply a 1 .6 percent higher annual ocupancv rate in Boston (30 F) than in
-5.16 Washington, D.C. (37 F).
- .26 The proportion of nonwhites in the SMSAs' population appears to have a

weak positive effect on the occupancy rate. This is not due to income
-3.29 effects; when median family income is included in the regression it is not

significant and the variable percent nonwhite increases in significance. Nor

3.20 is it a consequence of a higher nonwhite admission rate, since we control

1.91 for the effect of nonwhites on the SMSAs' admission rate. It may. however,

-3.67 reflect the longer average length of stay of nonwhites.
06.53 Occupancy rates appear to be lower in SMSAs experiencing a niore

rapid population growth. This niay be reflecting a shorter length of stay in

1j( (l torn more rapidly growing areas.
:Odrx ' rate In summary, our empirical analysis of SMSA differences in hospital bed

occupancy rates tends to support the randomness model of the demand for
hospital admissions developed in section 2.



TABLE 7 Two-Stage Least Squares Analysis of Hospital Admission Rates(dependent variable: ADMS*; N 192 SMSAs)
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reduces the admission rate by 13 (or by 7.6 percent), compared to a mean
admission iate of 170 per thousand population. This finding is consistent
with the proposition that the ditterent economic incentives of HMO
practice have an influence on the admission rate. The varial)le designed to
capture medical center effects on the admission ratethe number of
medical students per 100 thousand population (MST*C)_js statistically
insignificant.

SMSAs with higher median family income have lower hospital admis-
sion rates, with an elasticity at the mean or 0.7. This may reflect the
greater efficiency in producing health (for example, via preventive
medicine) on the part of those with more education arid greater wealth.
At the same time, it may also be due to the substitution of less time-
consuming out-of-hospital treatment for in-hospital care on the part of
those with a higher valuation of time.

A greater proportion of nonwhites ri the popLilation of an SMSA is
accompanied by a significantly higher hospital admission rate) This
finding is consistent with lower levels of health and wealth among non-
whites than among vliites(wo factors which appear to be associated with
a higher hospital admission rdte.'°

Colder winter climates (JANTEMP) are associated with a higher admis-
sion rate. A 10 percent drop in the mean January temperature increases the
admission rate by 4 percent. The decrease in the mean January temperature
from Washington, D.C. (370 F) to Boston (30c F) would raise the admission
rate by approximately 13.0 admissions per thousand a year, or by about
7.6 percent of the mean level of admissions. The effects on admissions of
climate and the other explanatory variables are not due to regional
differences; the partial effects are not significantly altered when regional
dummy variables for the South and New England are added to the
regression equation.

Eight demographic control variables are included in the regression
analysis. SMSAs with a higher proportion of females in the population
(FEMAL) have significantly lower hospital admission rates. The six sex-
specific age variables are all statistically significant, but because of mul-
ticolhinearity the speciric coefficients need not be meaningful. The mortal-
ity rate (MORT*) in the SMSA appears to have rio partial correlation with
the admission rate. That is, SMSAs with "sicker" populationshigher
death rates, holding the age-sex structure constant--do riot appear to have
higher admission rates."

Endogenous Explanatory Variable: Bed Rate While it may be appropriate
in a short-run model to view the bed rate as exogenous, this is clearly not
valid for a long-run model. In the long run the bed rate is hypothesized to
be a positive function of the admission rate. tising an observed rather than



a predicted bed rate may l)ias the 1!ect ot hed 011 the adn)1,
rate.' Table 8 presents the ttnated admissioii tale equltiun for
long-run model.

The slope coetficient standard error, and elasticity br the bed rate ar
nearly identical when the variable is treated as an exogenous variih)
(Table 7, reiressjon (2)) as when it is treated as an endogenou. variaI)
(laNe 8). AlSo, the slope coellicients and t-ratios ot the other explanato1,
variables an. hai'dly changed. In terms 01 statistical significaiic-, the nm
important c laiiges are that perc nt nonwhite becomes insign i Ik'ant arei
that the var:ah k' lIMO becomes strongI sign tic ot.

umma,c The enipirical estimation ot the adnis;on mate equation thir'o
light on a number ot relationships. It indicates a igri iiicant negative etter

TABLE 8 Two-stage Ieast Squares Analysis of Hospital Admission Rates
(dependent variable: ADMS; N 192 SMSAS)
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of the (predicted) occupancy rate on the admission rate and a p0sitive
effect of tlit liet! ate on the admission rate. Whether the bed ate is treated
as an exogenous or an cndogenous variable, the elasticity is approximately
+0.34. Thus, admission rates are higher in SMSAs with more vacant beds
per cat)tta. However, an exogenous irlctease in the number of beds has a
50 percent larger impact on length 01 stay (elasticity +0.49) than on
admissions. "Roemer's Law" (that an increase in the stock of beds results
in these beds being occupied) is largely substantiated (elasticity +0.83i.

Both the "hospital and surgical Insurance" variable and the number of
surgeons per capita have a positive effect oii the admission rate. However,
there appears to be no relationship between the number of rionsurgical
MDs and the admission rate. The attempt to identify a ''medical center''
effect was not successful.

Median family income is negatively correlated with admissions, with an
elasticity of 0.67. Finally, hospital admission rates are higher in SMSAs
with a higher proportion of the population nonwhite, without an HMC),
and with colder winter climates. SMSAs with HMOs appear to have annual
admission rates that are lower by 7.6 percent or 13 admissions per thousand
population. The temperature dfference between Boston and Washington,
D.C. would imply 13 additional admissions per thousand population per
year in Boston.

Bed Rate Equation

Table 9 presents the empirical estimation of the equation developed for
explaining SMSA differences in the number of beds per thousand popula-
tion (bed rate). The variable ln is the natural log of the predicted weekly
probability of an adnhissjon.61 The variable

\/= /HosP 1

V POP p

is our variable for the effect of the randomness of the demand for
admissions on the deniancl for beds. In equation (23) the coefficient of V is
Za, which is hypothesized to be a linear function of the variables that are
interacting with V in Table 9. And, the elasticity of beds with respect to
adniissions is less than unity because a higher admission rate results in a
more stable relative demand for adrnissions.62

Empirically, the log of the admission rate has a significant Positive partial
effect on the log of the bed rate. However, although its hypothesized value
is unity, the estimated coefficient is 0.7significantly less than unity.3
This paranieter may be biased downward compared to the hypothesized
value because of the less than complete adjustment of the stock of beds to



TABLE 9 Two-Stage Least Squares Analysis of SMSA Differences
in Hospital Bed Rates
(dependent variable: ln(BEDS*); N 192 SMSAs)

SOL!RC: The appendix.
fHOSP

V POt'

where HOSP number of ho;pitais, POP pppulatiori, and

- 1OOO52 - predicted weekly admission rate per capita

(See Table A-3.)
"Variable riot included.

the admission rate. That is, the data may not he reflecting the full long-term adjustment of beds to admissions because of the time involved inexpanding (contracting) bed capacity in areas experiencing an increase(decrease) in the demand for admissions. Note, for example, that the dataare for 1967 utilization, while Medicare and Medicaid were initiated in1966. There was too little time for the bed rate to adjust fully to the suddenchange in the demand for admissions in response to these new programs.The elasticity of the bed rate with respect to the admission rate is 0.66.This elasticity is composed of a "mean effect" (0.70) and a "randoninesseffect" (-0.04)." Ii is the apparent downward bias in the mean effect thatis responsible for what seems to he a low elasticity of beds with respect toadmissions.

C

Variables
Regression(l) Regression (2)

Coefficient (-Ratio Coefficient t-Rabu

A. Expected adnhissiofls
In çS 0.704 6.41 0.606 4.6')

B. Stochaslic effect
coefficient of
variation

VII - 17.929 4.99 - 17.667 4.20
Income variable

V(!NC) 1314 2.42 1.337 202
Health sector variables

V(-FEDBED) 0.273 7.91 0.277 8.02V(HMOj
1.928 - 1.53V(MSTC) 0.048 2.79 0.056 3.18

Demographic variables
(V)(EMERG*) 2.194 5.16 2.432 4.61V(%NWHTI h

0.066 1.31V(%CHPOP) '
0.002 0.15Constant 5.600 8.68 5.036 6.65
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The randomness model variable V has the hypothesized positive partial
effect on the bed rate. The partia! effect, which is also our estimate of 4, is
2.437." his s within one standard error ot the value of 4 estimated in
the occupancy rate analysis. The implied value of a is 0.73 percent.

Significant interaction between V and other variables is shown in Table 9
for the extent of emergencies in the SMSA's case mix, median family
income, the proportion of beds in federal hospitals, and the medical center
variable.66 These four shift variables for 4 also had significant positive
effects on the bed rate when they were entered linearly in a regression
containing lnp and V.

It is hypothesized that the more important the emergencies in an SMSA's
case mix, the greater the cost of a delayed or denied admission and
therefore the larger the optimal Z. The emergency variable has the
hypothesized positive effect on the bed rate.

As to incomeif, as seems reasonable, there is a positive income
elasticity of demand for a smaller Probability of delayed or denied
admissionSMSAs with higher median family incomes would have a
larger 4 and a higher bed rate,67 Empirically, median family income has a

significant positive direct effect on the bed rate, with an elasticity of +0.25.
However, the commodity that is being purchased is not beds per se, hut,

rather, a lower probability of delayed or denied admission.68
The variable for the proportion of short-term general hospital beds in

federal hospitals (9k. FEDBED) has a significant positive effect on the bed

rate. If federal and norifederal hospital beds were perfect substitutes for

each other, the proportion of beds in federal hospitals would have no effect

on the bed rate. If there were no substitution between federal and nonfed-

eral hospital beds, an increase in the number of federal beds would have

no effect on the number of nonfederal beds. Empirically, it appears that

federal and nonfederal beds are imperfect substitutes for each otheran
increase in the number of federal beds increases the total number of beds,

but by less than the increase in federal beds.
The medical center variable (the number of medical students per

100,000 population in the SMSA) has a significant positive effect on the

bed rate, even though it has none on the admission rate. The effect on beds

presumably measures the longer length of stay of medical center patients or

a greater 4, so that there is a smaller probability of having to turn away an

interesting case.
Three other variables included in the regression analysis of Table

9--V(%NWHT), V(%CHPOP), and V(HMO)have insignificant slope

coefficients and show statistically insignificant effects also when entered as

linear rather than interaction variables. With the admission rate constant, it

had been hypothesized that discrimination against nonwhites in the provi-

sion of medical care could result in a lower bed rate in SMSAs with a

higher proportion of nonwhites, but, although the partial effect is negative,

4.20

2.02

8.02
1.53

3.18
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it is not significant. The HMO variable tests the hypothess that HMQ5
maintain a lower bed rate and that this is a means of reducing liuspital
admissions and medical expenses. Again, although we do find a negative
coefficient, it is not statistically significant. Finally, more rapidly growing
populations have the same bed rate as those growing less rapidly, other
variables remaining constant.

Thus, the analysis indicates that SMSA differences in bed rates can be
systematically related to expected admission rates, to random variation in
the short-run demand for admissions {V), and to variables that may deter-
mine the frequency with which the stock of beds is insufficient tor the
short-run demand for beds.

APPENDIX

The Data

lable A-i is a list of the endogenous and exogenous variables used in thisstudy, their symbols, and the data sources.
The unit of observation is a Standard Metropolitan Statistical Area. AnSMSA is a county or group of contiguous counties which contain at leastone city (or two contiguous cities) of at least 50,000 inhabitants. In Ness

England, however, SMSAs consist of towns and cities rather than counties,and metropolitan state economic areas are defined in terms of whole
counties. Thus, in this study, New England metropolitan state economicareas and non-Ne' England SMSAs are the units of observation referred toas SMSAS for simplicity's sake.

Hospital utilization data stem from a 1967 survey of all short-termgeneral hospitals in the country, as reported in Hospitals: A County andMetropolitan Area Data Book, National Center for Health Statistics, De-partnient of Health, Education, arid Welfare, November 1 970 Although gdata are presented for 201 SMSAs, nine are excluded from the empiricalanalyses because of evidence that they include long-term care facilities.These nine SMSAs have either a very long average length of stay or anexcessively large proportioii of beds in federal hospitals.7r Although onlythe sample of 192 SMSAS is analyzed here, the findings for the full sampleare quite similar.
Data on hospital and surgical insurance coverage or benefits do not existfor SMSAs. An instrumental variables approach is adopted in which state 'data are used to compute a regression equation to explain state differences <in per capita hospital and surgical insurance benefits (HI). States withoutSMSAS and those across which there is considerable commutation are

I-.
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exc!uded, leaving a sample of 41. The hest" weighted regression for
explaining state clif1eienes itt HI using a small set 01 occupation and
industry variables is presented in Table A-2. The coefficient of determina-
tion adjusted for degrees of freedom is 71 percent. The parameters of this
equation and SMSA values for the explanatory variables are used to obtain
predicted values of HI for the SMSAs.

Table A-3 lists the exogenous variables in the reduced form equations for
the admission rate (ADMS*), the natural logarithm of the occupancy rate
(InOR) and the bed rate (BEDS*), and the explanatory power of these
equations.

TABLE A-3 List of Variables in Reduced-Form Equations

A. Exogenous Variables

Health Sector [)eniographic Other
Variables Variables Variables

SQHOSP SPOP INC
HMO %CHPOP JANTEMP
BEDS*a fNWHT
HIb FEMAL
SURG* MORT.e
GENMD* EMERG*Cd

HIXSG* %M10-39
HIXMDCC&. %M40-54
MSTt cfMs5+
%SIBEDC %F10-39
%PRBEDC %F40-54
%FEDBEDC F55+

B. Summary Statistics (N = 1 92)
ADMS* InOR BEDS*

-
0 R2 - 0.73 0.45 0.59

DE 172 166 168

NOTE: The variables are defined in Table A-i -
3Not included in the reduced form equation for BEDS. or for ADMS shen ADMS enters the bed rate

equation.
bpredicted from the equation in Table A-2.
rNot included in reduced form equation for A[)MS.
d0 included in reduced form equation for nOR.
rNot included in reduced form equation for BEDS.



TABLE A-4 Utilization of Nonfederal Short-Term General
Hospitals, By Stale, 1971

State

Admi ss ions
(per thousand
population)

Beds
(per thousand
population)

Occupancy
Rate (%)

\verage
I. ength ot

Stay (days)

Alabama 158 4.1 80.4 7.6
Alaska 83 j .9 62.2 3.3
Arizona lii 3.6 74.0 7.5
Arkansas 164 4.1 75.5 6.9
California 142 3.8 69.6 6.8
Colorado 166 4.3 73.5 6.9
Connecticut 128 3.4 81.2 8.0
Delaware 118 3.3 77.2 8.3
Wash., D.C. 748 7.2 76.7 8.2
Florida 150 4.! 76.9 7.7
Georgia 147 3.7 75.4 6.8
Hawaii i13 3.! 78.4 3.0
Idaho 121 4.0 66.1 8.0
Iowa 168 5.3 69.2 8.3
Kansas 16° 5.8 71.7 8.9
Kentucky 157 3. 80.0 7.3
i_ou is ia na 158 4.1 71.3 6.8
Maine 148 4.2 73.4 7.6
Maryland 105 3.0 80.0 8.4
Massachusetts 149 4.5 78.9 8.7
Michigan 13 I 3.8 79.6 8.4
Minnesota 170 5.8 72.3 8.9
Mississippi 160 4.1 73.3 7.0
Missouri 154 4.7 79.3 8.7
Mon Ia na 186 5.4 66.6 7.1
Nebraska 173 6.1 hL4 8.9
Nevada 149 3.9 73.2 7.1
New Hampshire 145 4.0 75.4 7.6
New Jersey 119 3.6 82.7 9.0
Nw Mexico
Nw York

135

140
3.5
4.6

62.8
83.3

5.9
9,9

North Carohna 141 3.7 79.3 7.6
North Dakota
Ohio
Okia homa
Oregon

Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

196

142

154

147

144

124

133

165

171

157

6.4
4.0
4.2
4.0
4.5
3.5
3.6
5,3
4.6
4.2

64.7
81.8
71.5
68.3
80.7
82.3
76.7
64.2
79.0
72.8

7.8
8.4
7.1

6.8

9.3
8.6
7.6

7 5

7.!



TABLE A-4 (concluded)

SOURCE: Statc a! Abstras, 1 of the (.'n,U'd States I 973 Tabk 13, 1

NOTES

A sampling of articles from The Nest York T;rni' is illustrative, For discussions of
insuffi lent bed capacity, see the issues 01 january 21. 1971, p. 29, and of September 12,
1971, section IV, p. 9. Between the publ;cation of these two articles, Tile Ness' York
'Times reported Elliot Richardson, then Secretary of Health, Education, and Welfare, as
iting ''an estimate of $3.6 billion as last year's cost ot maintaining unused beds all over

tile country" (The New York Times. August 26, 1971, p. 36). The next year, while the
General Accounting Office reported the ''overbuilding" of hospital lacilities in six cities,
Congress was passing legislation to promote hospilat bed construction (The New York
Times. September 21. 1972, p. 36, and December 18, 1972, p. 78).
See Harry T. Paxton, ''Whatever Happened to tile Hospital Bed Shortage?'' '\tc'oe a!
Economics, February 28, 1973, p. 33.
The New York Times, july 31, 1972, p. 36, and january 15, 1973, p. 23.
Statistical 4hstract of the United States, ! 973, Tables 13 and 113
Several stateS have recently passed legislation requiring state approval belore a free-
standing hospital can he constructed or an existing one's bed capacity increased. The
legislation is designed to restrsct the grossth of ''unnecessary'' hospital facilities and tn
encourage the development of hospital facilities in areas with ''insufficient" capacity.
For analyses of certificate.of-need legislation, see Clark G. Havighurst, eel., Regulating
Health Facilities Construction (Washington, D.C.: American Enterprise Institute, 1974).
This control has been strengthened by the 1972 amendment to the Social Security Act
which contains a provision for reducing Medicare and Medicaid payments to health
facilities constructed or expanded without the approval of a State planning agency,
The theoretical model may be used to analyze one region over lime or many regions at a
moment in lime, Current time series data for the United Slates involve too less' data
points and have problems ot serial correlation that are too sex crc for an adequate test ol
the model, limitations xx hich are not present in a cross-sention irterregiona! analysis.
Implications concerning length of stay are cieris'ed front the identity between overall
length of stay and th three measures of utilization. If ES is the average length of stay,

OR =
365(BEDS')

In this study an asterisk Cl as the sutfix to a variable name means it is the variable per
thousand population while the suffix C means per 100 thousand population.

State

Admissions
(per thousand
pripulation)

i3ecIs

(per thousand
popuiation)

OCcup(3nçy
Rate (

Average
I.ength of

Stay (days)

Utah 144 3.3 74.0 6. 1
Vermont 161 4.4 74.6 7.4Virgmia
Washington

128

42
3,6 81.0

68.3
8.4
5.8

\'Vest Virginia 190 5.3 713.8 8.0
Wisconsin 160 5.1 73.0 8.4Wyoming 171 50 61.1 6.5

U.S. Total 146 4.2 76.7 8.0



See the ,ppen(1ix Sri the dfoitioo ot an SMSA.
For example. Santa Mone a, Culver City, nd Sari ! ernanitu art' three cities iii [,
Angeles county arid S21SA surrounded by tcr' Angt'ir' (rty Ye thc e cj)dk. i.It'S do
not appear to constitute separate health communitres sinCe there is considerable
mobility across city !xuodaries. The large propOrtion 0? isidents in the 1150 (Ouflties
comprising New York City who seek hospital SI'rVi( es outside ut their ass ii county
suggests that the poputwe ,iits as ii the city SMSA) reprs'entect a single nt'dicat center
States are not idea as the unit 01 observation because in many of them there is either
little mobility between two or more hospital areas or there is substantial commutation
across state borders (or the purchase of hospital care.
!n the tong run the factors ot production enipttiyed in the hospital sector are either
iirghls' mobile across SMSAs or the hospital sector employs such a sinaI) proportion Qf
the factors within an SMSA that the factor supply ( owes can be assumed to b perfectly
elast: in the relevant range. Even if each hospital in an SMSA has a U-shaped cost
curve, by expanding the number of hospitals rather than the size of each hospital
hospital costs may be invariant with the number 01 beds in the SMSA.

It. For simplicity of exposition it is assumed that the average length if stay is constant for a
given case mix.

2. in practire, hossoser, the curve is not perfectly inelastic but steeply upward rising at
occupancy rates iii excess of 100 eerc enl. Reported tier upancv rates an exceed ioo
percent sxhen additional temporary beds are added to rooms. Irallssavs, et cetera
That is, the higher shadow price is due to the extra pain and suffering, extra curative
costs, arid a higher probability of disability arid death. An offset is that sonic conditions
may have a spontaneous cure.
See, for example, Hvnian Joseph and Sherman Foiland, ''Uncertainty and Hospital
Costs," Southern Economic Journal. October 1972, pp. 367-373; WiUiarn Shonick, "A
Stochastic Model for Occupancy-Related Random Variables n General-Acute Hospi-
tals," Journal of the American Statistical Association, December

1970, PP. 1474-1500
M. Long and P. Feldstein, "Economics of Hospital Systems: Peak Loads arid Regional
Coordination," American Economic Review, May 1967, pp. 11 9-129; and J. B.
Thompson et al., "How Queuing Theo,v Works for the Hospital," The Modern Hospital,
March 1960, pp. 75-78.
Multiple admissions of an individual in a time period do occur, and are more frequent
the longer the time period lasts. Empirically, among SMSA residents in 1968 who had at
least one hospital adniission, 86.6 percent had one episode, 10.3 percent had tiso
episodes, and 2.9 portent had three or more episodes in that sear. Persons Hospitalized
by ,\uniber of Hospit,if Epoodc's and Oat in (hr y1'j I 168 Vital rrc1 Health St,itistr;s
Series tO, Number 64. National Center tor Health Statistics December 1971. Tables I
and 7.1

in our data tIre annual average number cif per capita admissions is 0.170. 1 multiple
admissions are independent exents, the probability of at least one admission is

0.145 (V 10.145)1 0.1 70 Then the theoretical frequency for those with one ad-i=i
nlission is 85.3 percent, two episodes, 12.4 rrcent and three or more episodes, 23
percent The theoretic,il and observed distributions ,ire sers close to each other, and it
will be assumed that successive admissions for an iiiciit dual are ndeoendent vFntv
Similar conclusions emerge if length 01 stay ([SI is not considered constant oser time Let
us assume that across time periods the aserage length of stax and the number ofadmissions are independent,

Ia) \'ar(PDI = VarILS ' Nt = itSIlVariN) + 2 VariLS, \ar,LS)\ar

372 Harry R. Chiswjck



I

illS is independent of N.
Then, since

Ib) Var(N) = (POPIpI1 -- p)arid = (POP)p

we obtain

(c) Var(PD) = POP{(2 Var(LS) + (L5Ptp - ([SIr + VariLS)lp(

d CV(PD) SD(PD) = \/'P{t2 Vae[S - + Var(LSiIp2}
E(PD) tc pop p

and

let CV(PD) = / 1
f

I
I2CV(LS)2 + 1 - (CV(LS)2 + 1yIPOP) p

CV(PD) is negatively related to population size and the admission rate, and positively
related to the coefficient of variation of length of stay across lime periods. These general
relationships would hold even (length of stay were not statistically independent of the
admission rate, although the equation would be tar more complicated. (See Leo
Goodman, "On the Exact Variance of a Product," lournal of the American Statictical
Association, December 1960, pp. 708-713.)
Annual rates of admission per capita are about 15 percent. Assuming independence of
individual admissions, the distribution of adniissions for, say, a week approximates the
Poisson distribution for a small sample (for example, a household or small work group),
but approximates a normal distribution for a large sample (a large factory, census tract,
or SMSA). For a binomial distribution, if the proportion of successes (in this case the
admission rate, p, multiplied by the sample size, POP) exceeds 10, the number of
successes (admissions) approximates a normal rather than a Poisson distribution. For a

populaIlon of 100.000 and a weekly admission rate of .15/52, admissions =
(100,000)(.15l/52) = 300 and the normal distribution is a close approximation of the
binomial distribution,
This assumes perfect pooling of beds among the hospitals in the community. The effects
of a lack of perfect pooling among hospitals in an area and the time lag in filling a
vacant bed are discussed below. For the normal distribution, only 2.5 percent of the
observations are more than 1.96 = 2.00 standard deviations above the mean.
For simplicity of exposition, it is assumed that there is no private or social cost in shifting
patients within the time period of D days.
For a population of one million, a daily admission rate of .15/365 and a = .001 (i.e., an
insufficient number of beds for one-tenth of one percent of occurrences, or 7 = 3.Oi,

ZCV(PD(=Z'.POp 'p
If the pooling is done over a seek, ZCV(PD) = 0.084. These values ot Z,,CV(PD) are
sufficiently small for the approximation to apply.
The parameter Z is smaller the larger a is. Since Z is inversely related to InOR in the
equation, a is positively related to InOR.

See, for example, Paxton, "Whatever Happened to the Hospital Bed Shortage)," p. 42.
If, as some suggest, physicians run hospitals on the basis of their own economic
self-interest, they may tend to prefer smaller neighborhood hospitals so as to reduce their
own average commuting time. Mark V. Pauly and Michael Redisch, "The Not.for-Profit
Hospital as a Physician Cooperative," Arnericn Economic Review, March 1973. pp.
87-99.
Some SMSAs (e.g., Los Angeles) appear Ic' have addressed this problem by having small

4
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Ii,cali,'t'd efliergeru y tr'atnlent s'nter to siipplerlisiit tlit hut large ci iOn)1
Ia Is.

In his 'Hospitil ( )rg,arii,,itii,nsl Perlorriranc j Se)t(5i.
tO- I 11), David It. Sttrksveathcr ctinc uric's that it is liii I (iordin,iticin 01
parts which is (lit' ditixult aspect ut hospital operatiiitis,''

,tdrkvt,ith1 studic4 therelatii)fl )?tsxeen the etlicieni ot several tasks ho ter,iis 01 time (iiis's aiiil error5) andhospital sue,
Minimum avera1,'' cost cii) lie delined univ alter tIe ( ase liii' and Osson n tli&hospital have been spec i tied. Ft ir evidence that o,t curses to, md ividia

hospitals areU-shaped, see Thomas R . I lelty, 'Return, to Sea Ic in tlnspitiIs A ('rip l Ret sRecent literature,'' I /ealth Seo'ic'e.s R'si'arch, \Vinter I 06(1 lip 267 -2111).
Fet us design ate Z as the vat tie i if Z in the hi SMSA, the thi,'oretn al eq uat
InQR1 = -Z1V and the regression equation as thi nOR - h, -s- by U,, where U,= (Z, - h, V -+- U - h0 = 0, a nd U , Is Li ncr irrc'latecl wit Ii V1 - Then h k an i,in bidsed
estimate of the mean value of -Z it 7 is nut correlated with V and V This c k'arlxholds if Z I and V are indept'ndcnr. For a posot, see my liii i roe (ii,-qJ Nu0 Yor('NBEP, 1974), p 44.

28, Rr'aJl that, sun e

OR NXLS) alnog
365381051 rJ)nl3Eh)5

29. According to ''Roenier's Law,'' exogenous increas in bud rates prinlrjly
affectadmissions and length ot stay, leaving occupanc v rates virtually tincharigI

That ispatients fill the available supply of heds. Ste (cii esaniple, M. I. Roemi'r and M. SirairiHospital Utilization under Insurance, Hospital Monograph Series, No. 6 )Chcago-
Arnierican Hospital Association, 1959 i,

30, for example, in New York City the average length ot stay or Wllit(,'s is shorter than that ofblac ks.

Atucrage length of Sta in Ds
1964 1966

t9&3
White (ccludini1 Puerto Rican',) tO 9 It 2 31Bbck

12 tth 145
S0UR( 5- i)i51 (, I i, \ir,'t flI',,l5,1,,5 '. ii ir",,tj, 'i 5i, \tr. 5kC-i, I 'iI,i I i'),,,jr', i 'i7

31. In the empirical ala yses, tile percentage of nonw llitt's ii tile populat iii us used as theexplanatory variable. For the United States as a whole over 90 of nonsx hit' areblacks.
32, See Section 3 helms
33. For a time Series stud5' of

greater admissions select is ity during periods ut high uc (it-panty rates, see John Raifertv "Patterns ot Hospital 11e An Analsi5 of Short-RunVariations Jotiina/ 0) Political Ltonofliy
lanuary-Fehruary 1 97 1, pp I 34- I 63 Notethat this is analogous to the response of other industries te a lairis tised short-runcapacity but fluctci,i Ii ng dens,i nd, Th 'grea kr sd cc t iv its" 0cc cirs t h n i ugh price changesin indu,tries where pn( es may be used as a rat inning dec itt' It is tliost' individuals ti irthe highest or least elastic deonanri that pay the Ii g)i proc dur i rig the peak seasoil Forexa niple, the uric e ot the sa me reoul it a M .ini Bea i-li hotel cain range from $ t 3 to $60depending on the Season

34 See, for example
my artic Is' "Thu Denra rid It ir (I rsing H nm ('arc" in urnaiHuman Rsoijr en ISumnier t

33. Hospital and surgical
insurance coverage per capita is an eiidogenous sari,ilile and a
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predicted rather than an observed insurance variable is used in the cilipiricat analysis(See the appendix.)
For a survey of the literatrire on liMOs, see Milton I. Roenier and William Shoriicls.
"liMO Periorniance The Recent Evidence," Health and Society, Milbank lernorj,iJFund Quarterly, Sumnier 1973, pp. 271-317.
The cost 01 physicians' services includes the direct price (fee), the waiting room time,and the costs incurred due to a delay In receiving care
This suggests that the number of physicians is an endogenous variable. Howevei, the
observed number of physicians is used in the empirical analysis. For an analysis of
physician supply, see Victor R. Fuchs and Marcia Kramer, Determinants of Expenditures
for Physic,ans' Services in the Uniter! States, NBER Occasional Paper 117, 1972.
There is evidence that income and "good health" are negatisely correlated among
whites but positively correlated among nonwhites. See Michael Grossman, The Demand
for Health, NBER Occasional Paper 119 (New York; NBER, 1972); and Morris Silver.
''An Econometric Analysis of Spatial Variations in Mortality Rates by Age and Sex '' V R
Fuchs, ed., Essais in the Econnniics of Health and Medical Care (New York: NBER,
1972), pp. 161-227.
With other variables, including measures of health status, held constant, tire demand for
nursing home care of the aged in an SMSA appears to be a rising function of income.
See my ' The Demand for Nursing Flome Care".
For example, see Helen Hershfiefd Avnet, Physician Service Patterns and Illness Rates,
Group Health Insurance, Inc., 1967, Table 42, p. I 10

Strictly speaking, equation 22 follows from equations 13 and 17 if it is assumed that
there is no substitution among hospitals and that all hospitals are of equal size.
In some states a certificate of need is now required to add beds to an existing hospital or
to establish a new hospital. The data on hospital beds used in this study are for 1967,
and only one state (New York, 1964) had certificate-of.need legislation prior to this year
See William I. Curran, "A National Survey and Analysis of State Certificate-of-Need
Laws for Health Facilities,' in Clark C. Havighurst, ed., Regulating Health Facilities
Construction (Washington: American Enterprise Institute, 1974).
The emergency variable is the sum of deaths from six causes per thousand population
(EMERG'). (See the appendix.l

Average proporlion of short-term general hospital beds under each form of administra-
tive control for 192 SMSAS

Souscc Thy ,ripvr'.rs

Roerner and Shoriick, "HMO Performance: The Recent Evidence."
For evidence on chiscrinlination in public school expenditures, see Finis Welch,
'Black-White Differences irs Returns to Schooling," American Ecor,ontic Review. De-

cember 1973, PP. 893-907.
In principle, the occupancy rate is bounded by 0.0 and 1.0. Empirically, however, the
annuai bed occupancy rates in the SMSAs are clearly within the bounds. For this reason
OR is riot treated as a hounded variable in the empirical analysis.

Control
Mean Percentage

of Beds

Slate and local government 15.8
Federal gosernnient 10.6
Proprietary 4 5
Voluntary (privaienonproliti 69.1

100.0



L

The ratio of a regressron (oeI6crent to Is standard error (foOl a tWo-s).igi least 5uar1,
ana(ysis has an asymptotic normal dsiributioo. Thus the t-test appll, Only II)
samples. A sample of 192 observations is suIficientl argo (or the approximation

to he

The variable is significant at a 5 rrcent level but not at a 2 5 percent level under aonetailed test,
For supporting evidence

see Michael Grossman "The Correlation between Schoolingand Health" in Nestor E. Terlecky1 c4, tlouseho/rj Production mrJ Concuniption NewYork: NBER, 1976),
Ceteris paribus, an increase in the propo0ion of nonwhites in the population from Len)

ADMS
SURG -

1ThADMS =

494.5

92.0)

± (-7.971(n) =

= 0.18
t70.(jO

92.0

ôlnSijRG

I
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very close.
the mean and standard deviation of V are 0.033 and 0.01 1, respectively

Since the coefficient is 2.974, with a standard error ot 0.671 the Y
percent confidence

interval is 2.974 ± 1.315, or from 1.659 to 4.289. Then, the 95 percent COilfidenrinterval for o(D = one week) is from 4.85 percent to approxiniatrls Lero percentUsing a related model for 116 short-term general hospitals in Iowa
1969), Joseph andFollar,d estimated 4 to be 3.22, with a standard error of 0.142. My point estimate

iswithin two standard errors of their value. (F-tvman Joseph and Sherman Folland''tJnceiiaiiitv and Hospital Costs," Southern Econoiriic Ioi:rna/. October 972, pp267-273.)

For a daily admission rate (p), p = p17 and, since p is very small

p p

and

nOR 2.974 IHosp
vT OP

or 4 tD = one day) = 1.12. Then, mID = one day) 0.13
ôlnOR 'dSPOP ÔInOR

) dSQHOSP -85.5 dSPQp; - i-0.O16(d5QHosp
dInOR

= ) 0SQHOSP

tithe population is increased fourfold from 200,000 to 800.000, and ()i number ofhospitals, from 4 to 16,

dInOR = (85.5)f.00t I - .0022) 4 (0.016)14 - 2) = 0.095 -- (i()12 0063

The explanatory variable is the predicted natural log of the occupancy rate It is obtainIfrom the reduced form regression of the natural log of the occupancy rate on the
exogenous vanables that enter the admission rate and occupancy rate equations. (STable A-i)
The estimation procedure for HI is discussed in the appendix. In principle, the causationcould run in the opposite direction: residents in SMSAs with higher hocpital adnussionrates (for a reason other than insurance coverage) might have an incentive to buy moredollars worth of insurance. This effect will not bias the coefficient of H) in this study,since HI is predicted from an interstate regression of state insurance values on several
explanatory variables that are exogenous to the hospital sector and the health of thepopulation,
For Table 7, regression 2, since HI = jO 5,
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to 10 percent raises the admission rate by 8.9 adiiiission5 per year per thousandpopulation. The m'lasticdy at the mean is 0 06.
There is a third interpretation. Since nonwhites are on the average poorer than whites,two SMSAs will have the same median income if the one with the larger percentagenonsshite has a lower mean and a larger variance of income. A simple nonlinear Engelcurve could generate a negative partial effect on admissions for the variable percentnonwli ite.

For the ith family, let (a) ADM1 = a,, + a,t1 + a2tf, where a0 0, a, > 0, a <S 0.Computing the mean of both srdes of the equation, (b) = + a,I -i- a (12 +Vanil)), svhere Var(l) is the variance of family income. A larger mean income reducesadmissions if (ci ÔADMIOJ a, + 2a91 < 0 or if a, > 2a21.
The empirical analysis did establish that larger median incomes reduce admissionrates, and that mean and median incomes are highly correlated across areas. A largervariance of income (mean constant) reduces admissions as long as a2 < .

An alternative explanation is that the calculated slope coefficient is biased toward zerobecause it reflects two offsetting eftects:
greater sickness (measured by mortality) causesmore admissions, and more admissions reduce mortality. These two effects cannot hedisentangled without developing a structural equation to explain SMSA variation inmortality.

The predicted bed rate is computed Irom the reduced form regression of the exogenous
explanatory variables in the bed rate and admission rate equations (See Table A-3.)It is the predicted annual admission rate per thousand population divided by 52,000,and is computed from the reduced form regression of ADMS on the exogenous
variables that enter the admission rate and occupancy rate questions (See Table A 3.)Differentiating equation (23),

alngEDS + z( -) and -.. = -atnp 3lnp ale0 211 - p)

which is negative.

If the null hypothesis is 13, = t, and b = 0.704, the observed t-5t,ititi is 2 69.lf

(al InBEDS = b0 + b,lnp + Vl'Vb,,X,!
(:1

then

(b Oln6EDS - b, + b,Xd V - 0.704 (2437((O.0t67( = 0.70 - 0.04 066dtnp 2(1 -. p1

The elasticity is calcuiated at the mean.
This is the partial derivative of InBEDS with respest to V, evaluated at the nl,',in, tnp
held constant.

The elasticities of BEDS and Z with respect to these variables are easily calculated. IX,
is the jth explanatory variable for 4, and

(a) InBEDS = h + b,lnp + V f bx,J
then at the mean

(hi

and
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67 There sp1uar h 3'.!rvv !0erlr0 ('it d;nrod ''Our IiiIit(itI(jf) 0'Itlifacilities, br r'xample, nursing ('nit's. See m flu t)irnand br N lirSiiig I 1ittii' (,lrC
68. The magnitUde at the relev,i,it liii 1,010 ela1Il 15(10 siid' ,iii bOO the flo,l'

spw tied. It the residents ot the SMS'\ art' 301(1 h,coiig a 1(1511
3111 '}),mujth or a (li) ( is rhhigher io o1fli'

OIno £tln/
1JInINC 0)rilN('

tvliere

91n1 313
aInlNJ(

In the relevant range. iiln a' InZ Is 1 large nt'g,itis't flu 01101 ihen llie &'I1t( iii awith respect lIt INC i i negative number with a very 1,111), alili kite vat Ut' ('ippro.niatoly ID to 1 3). I-totvevs'r, 13 the rt'irh'r,ts 01 the S\IS'\ art' purl hasrng a high0r
probability (>1 an at eptance, tIre elastii Iv with rt'ipt'i I to ni nine 0 prIIR hu miii 6kes than unity (ipprosintaIeIv 3) I). That is,

ôIn) I a) On
0!nINC -iflIni 0)nINy

Normal tistributiop Tabh

L

2.30 0.0062
2 75 0.0030
3.00 0.0033

II, at the mean, the pri portion at hds in It' tral In opitals is ore diiubk'd .111(1 the comber
of nonleclera I beds held 1ierl th h'd rate woo Id n n'a so h II) 7 3X'rn OflI. According
to the regress ion equal ion, a doubling ol fedora I beds ni reases the oh5t'ri i'd bed rate bst6 percent There is, Ihereti ire, a (fe( tile Inn tile I) urn her o1 fit iitU'der,i I hed'i in resn,to an in lease in tt'deral beds.

A. Nint'SSjS'\s
Ann Arbor Muh:gan
Augusta. Georgia

Durharri North (arolirra
C Ii elton r&'sas

Little RoiL, Arlianuis
I'r, p dent t, Rhode Island
Si1ti I all,, South Dakota
fa( oma WaShington

Topeka Kansas

8. 192 SMSAis

Standard Dei'siiion

Percenlage of Beds
in Federal Hospitals

Aserage tenglh
of Sla)

Barry Is'. ('hissyj k

21 71) 12 4
76 II 22 4
tl,l6 11.1,
1371 Iii,

tIll
7. II) tIll)

.36.70 1)1.11

1,) (I 23.3)
(,0. 'it, 22. (1

11)64
1515

1,113 lii




