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I .  I N T R O D U C T I O N

The multiproduct nature of the hospital industry has been a source of frustration for
economists. However, the development of the neoclassical joint cost function and the
complementary development of the flexible functional forms have facilitated analysis of the
cost-production structure of such firms. The present study reports the results of estimating a
translog joint cost function consisting of three outputs (non-Medicare, Medicare, and
child inpatient days) and four inputs (general services, nursing services, ancillary services,
and capital). The results indicate: (a) hospital cost functions exhibit constant returns to
scale; (b) nursing and ancillary services are complementary to capital, while general services
and capital are substitutes; (c) the marginal cost of child inpatient days is substantially
greater than the marginal cost for the other types of inpatient days; and (d) that the cost-
minimizing input mix is not independent of the output mix.

I I .  C O S T  M I N I M I Z A T I O N  A N D  T H E  H O S P I T A L  I N D U S T R Y '

Application of the translog joint cost function to the not-for-profit hospital industry
requires that we assume they minimize costs. This assumption of cost minimization is
reasonable in view of the pressures on hospital administrators.

Within the hospital, three principal factors determine cost: the nature of the demand for
hospital services, the nature of factor markets, and the impact of third party reimbursement
policies. With regard to the nature of the demand for hospital services, we view it as
exogenous to the principal decisions of the hospital administrator; physicians in our view
oPerate as independent, demand-creating entities.2

rExtensive reviews of the health economic literature have been done by Klarman ( 1965), Lave ( I 966),
It' lann and Yert (196E), Hefty (1969), Davis (1972\ and Feldstein (1974).
-See, for example, Arrow (1963) and Smallwood and Smith (1975).
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The administrator must provide,' on demand, quantit ies of services sought bv the staff
at quality standards consistent with the long-run policy set by the board of trustees. Thus.
given policy and the various constraints, the administrator is responsible for hiring factor
inputs which are combined with physician services to provide the necessary treatments in
an efficient manner. Since physician services are provided at zero costo to the hospital or
firm, it is the hiring and composition of the factor inputs that generate the costs for the
hospital. With regard to factor marketsper.re, we assume that they are competit ive and free
from monopsonistic pressures.

The major force which creates cost-minimization pressures comes from the parties
re imburs ing hospi ta ls .  Over 85%, of  a l l  hospi ta l  costs b i l led to indiv iduals in  the US are
paid through the th i rd par ty  insurers-e i ther  pr ivate insurance companies.  federal
programmes such as Medicare and Medicaid,  or  s tate and local  wel fare agencies.5 Over a
long per iod of  t ime thc agencies have developed re imbursement  pol ic ies based on
' reasonable cosls 'o incurred for  the del ivery of  care.  Reasonable costs are calculated b1 '
requi r ing hospi ta ls  to repxl r t  in  deta i l  the i r  costs on at  least  an annual  basis  and b1,on-s i te
inspect ion and audi ts  of  records.

These agencies set reimbursemenl rates for each hospital based on cost reports and
compar isons wi th other  hospi ta ls ,  and thus exerc ise substant ia l  po!* ,erover  the hospi ta l .  I f
costs are not  in  l ine wi th the agencies 'cr i ter ia ,  they ( the agencies)  have the author i t ) ' to
lower re imbursement  rates or  to  cancel  the agreements a l together . t  Such act ions u 'ould
lower or cut off the major source of revenue to the hospital. Therefore. in the absence of
col lus ion.  incent ives ex is t  for  the adminis t rator  to  del iver  serv ices at  min imum cost .

In  our  v iew,  g iven the pol icy of  the board of  t rustees,  the hospi ta l  adminis t rator  must
meet  an exogenously generated demand for  serv ices.  Demand is  exogenous to the decis ions
of  the hospi ta l  hecause the physic ian operat ing independent ly  orders a par t icu lar  mix of
serv ices for  pal ients.  Also,  becausc there are a l ternat ive hospi ta ls .  pr ivate medical
pract ices and other  medical  care providers,  i t  is  reasonable to assume compet i t ive behaviour
in the factor  markets.^

lHarris (1977) dcvekrps a modcl whcrc the internal decision structure of the hospital is composed
of two scparatc units: thc administrat ion and the medical staff .  The model described above has manr
s imi la r  charac ter is t i cs  cxccpt  tha l  thc  ro lc  o f  thc  admin is t ra to r  i s  emphas ized.  See Newhouse (1970) .
Lcc  ( f  971) .  Dav is  (1972) .  Pau lv  and Rcd ish  (1973)  and Dusanskv  and Kahman (1974)  fo r  a  sample
o f  o thcr  dcc is ion  s l ruc lu rcs .
aBlron ( |  974), p. 36 has argucd that thc 'costs'of physician services are non-zero and are composed of

various typcs of capital expenditures such as CAT scanners and inlensive care units. This mav be th, '
c1sc. H6*cvcr. from the administrator 's persPcctivc these cosls are st i l l  exogenous.
sFor  dc la i l s  scc  B lue  Cross  Rcpor ls  number  l3  (197-5) .
6For a discussion of rcaxrnahlc c()sts sec North Carol ina Medical Assistance.Program (l96fl) .
TScc  Hosp i ru l  Admin is t ra t i vc  Scrv iccs  (1968) .
sFor an altcrnativc vicw to thc assumption of competit ive factor markets see Davis (1972). p. 9.
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I I I .  T H E  T R A N S L O G  J O I N T  C O S T  F U N C T I O N

Manv previous empirical studies of the hospital industry have assumed cost-minimizing
behaviour but have employed functions which place severe restrictions on the structure of
production.e Through the use of a neoclassical joint cost function and the flexible functional
form,r0 it is possible to estimate a more general form of the cost function than, say, Cobb-
Douglas and to test empirically parametric restrictions such as separability and homogeneity.

To estimate hospital cost relationships, we use the transcendental logarithmic function.
Following Brown et al. (1979) the joint cost function is defined as:

l n C = a o + l a , t n Y , + I  I  ou lnY,tnY,5p,'n *,*t

*l$
1 L-  t = l

r i , lnW,lnW,+ I I  pu ln { ln W,
r . l  i - l

( l )

Where  Y,  i s  the  ou tpu t  indexed by  i  =  1 ,  .  ,  n ;Y , *  0
W, is the input pr ices indexed by i  :  l ,  .  .  . ,m

and 6,, = 6,i, 1,1 = 11,.

Since cost functions are linearly homogeneous in input prices, the following restrictions
on Equat ion 1 are impl ied:r '

t ,  P,. = t r, ,= 0 for al lvalues of i ,  and t ,u = 0 for al l  values of i .
r = l  t = l  / = t

(2)

Two types of restrictions on the structure of hospital production will be tested: separ-
ability, and homogeneity of degree one. Separability between outputs and inputs implies
that the cost minimizing input mix is independent of the output mix.rr In the present
context, the following restrictions, which we will test statistically, on the translog form are
sufficient to ensure separability:

pi1 = O for all values of i and i (3)

Homogeneity of degree one in outputs implies that a proportional increase in all outputs
results in an equal proportional increase in total cost. The restrictions required to impose

eSee Feldstein (1974) for a discussion of this l i terature.
r0No attempt wil l be made here to fully develop either the theory of the neo-classical cost
function or the various restrictions placed on the translog function. For the former see: McFadden
(1966.  1970);  Lau (1969);  Diewert  (197a):  and Berndt  and Chr is tensen (1973b).  For  the la t ter  see:
Berndt and Christensen (1973a); Christensen et al. (1973); Christensen and Greene (1976); Brown
et al. (1975); and Caves and Christensen (1976).
rrSec Lau (1969) for detailed analysis and Berndt and Christensen (1973a) for complete definit ions.
f rSee Burgess (1976) and Lau (1969) for a complete discussion.
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constanl returns to scale) on the translog cost function c
r
i
S

(

. )  dt

) 0 ,
t l

:i
2 p,t

j =  l ,

j =  l ,

. m .

. trl.

The translog function contains a large number of parameters even for a relativel;- small
numher of  inputs and outputs.  As a resul t  est imat ion of  Equat ion I  v ia ord inary least
squares is l ikely to result in imprecise parameter estimates due to multicoll inearity. Fortun-
ate ly .  an est imat ion procedure to a l lev iate th is  problem exis ts . r 'Shephard 's  [ .emma is
employed to derive rz factor share equations (of which rn - I are indepedent) in the
following form: ' '

l
(
(
I

lPS = P{' = M,B,* i ,, rn p, + i or t y, for ail vatues of i.
d  l n  P ,  C .  

" ' t r '  
t = t  t = l

(s)

These relationships increase the amount of information about the production structure
without increasing the number of parameters. Specifying classical disturbances. Equalions
4 and 5 nou' comprise a multivariate system. These disturbances ma.v be interpreted as
random errors in achieving the cost minimizing bundle for each hospital. Thus the disturb-
ances are assumed to be correlated within each hospital because errors involving one input
will affect the cost shares of other inputs and total costs. With such a specification the
system can be iteratively estimated by the Zrllner (1962)rs procedure. This is the procedure
which n'as adopted to obtain the results to which we now turn.

I V .  E M P I R I C A L  R E S U L T S  F O R  T H E  N O R T H  C A R O L I N A
H O S P I T A L  I N D U S T R Y

The data used in this study are based on the audited Medicare cost reports submitted br
I 14 North Carolina hospitals to North Carolina Blue Cross-Blue Shield which were avail-
able under the Freedom of Information Act for f iscal year 1978, and a similar set of reports
submitted to the Duke Endowment which was provided to the authors.'o Extensive cross-

r3See Brown et al. (1975).
laShephard's l.emma assumes price-taking behaviour in factor markets. Thus its use is justified b,v the
model developed earlier.
lsBecause the factor shares sum to one, the disturbances will sum identicallv to zero. resulting in a
singular covariance matrix. Dropping one equation in the estimation procedure and calculating the
omitted coefficents from those remaining is the standard solution to this problem.
r6See North Carolina Blue Cross (1978).
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checking between the two data sources was necessary to ensure that the variables properly
reflected the behaviour to be modelled. Restricting the sample to one state was desirable
because it ensures a single institutional and regutatory environment. Costs are reported in
some detail in these reports and to facilitate estimation the price of factor inputs was
aegregated into four major service inputs:r7 (a) nursing; (b) ancillary service (including
operating room labour costs and anesthesiology, laboratorJ, and X-ray wages); (c) admin-
istration and general service (including dietrary, housekeeping, etc.); ana (o; capital.

The definition of output has been a constant problem in estimating cost functio;s for the
hospital industry.r8 Because of our interest in the impact of different age group's utilization
of hospital services. we partition total inpatient days into three categoriis; cirild inpatient
days. non-Medicare inpatient days, and Medicare inpatient days. Besides stratifying output
by age group, distinguishing Medicare and non-Medicare inpatient aays facititates an
analysis of two groups whose costs are financed by different methods.

Table I reports the estimated results for the unrestricted translog form as welt as three
restricted forms: homogeneous of degree one; separabte; and homogeneous and separabte.
To test the various restrictions, the hypothesis test based on the F-criterion was u."d.tt Th.
results of these hypothesis tests are reported on Table 2. The results indicate that constant
returns to scale cannot be rejected at the 1% level, while all the other restrictive forms
cannot be accepted at this level.

Based on the results in Table 1, we conclude that the constant returns to scale model is
the most adequate representation of the production structure for the sample hospitals, and
that the cost-minimizing input mix is not independent of the output mix. It shoutd be noted
that this result is consistent with a large body of past research on scale economies in
hospitals (see Feldstein 1974). Thus, the constant returns to scale model will be used ro
analvse various characteristics of the hospitals' production structure.

Marginal costs for each output are defined as:

#=('*irnr, * t ,r"-). ? (6)

where: e = fitted totat costs.

Columns 4, 5, and 6 of Table 3 report the mean marginal costs for each output for various
hospital sizes. Note that the marginal cost of a chitd inpatient day is substintially higher
than the marginal cost for the other two groups. This difference probably reflects thi unlque

li9yol,: 
(I, l :ng.inpytprices (P,) are.de.fined al.-{r; chitd Days (Ase< r4): y2; Adutt Days

!l'+ .< Age < 85); Yr; Medicare Days (as defined in Medicare cost repons): P1; price ptr unit hour bf
T,t-t]ng 

service : P3; price per unit hour of ancillary-serv!c9 (as defined in Mediclre cost reports): pr;

l]:. 
p.l unit hour of general service (as defined in Medicare cost reports): Po; price'of cipitit

lassumed to be constant for each hospital. The cost share for capital wis calculaied as the sum of
dcpreciation and interest charges). Priies were calculated as a"er.ge costs including fringe benefits.rEFor example. in a study of NIw York hospitals, Cowing and Holtirann (1980) udthe 6tal number
:_t-jl!j,::"1. 

days and number of .emergency room visits to measure hospital outputs. We prefer
H:3d 

to disaggregate total inpatient days into its componenrs.
"rnrs test was suggested by Zellner (1962).
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Table I . Paromercr estimales for transktg joint cost function t,ith various restrictionsu

Parameter Unrestricted
Linear
homogeneous Separable

Linear
homogeneous
separable

a l

a .

d 1

9 t

0:

Ft

NF,

8.2648
(0.e240)
0.32 r 7

(0. r s-s2)
0.3461

(0 .3218)
-0 . r  201
(0.3678)

- 0.2940
(0.0631)
0 . r  648

(0.0784)
l.0508

(0.0e70)
0.0784

(0. l  3ee)
0.01 8-s

(0 .0241)
-0.006{
(0.0s I  s )

- 0.00_i 8
(0.01e0)
0.3-s I 3

(0. r 406)
- 0. I .101
(0 .  r  347)
o .2177

(0. r  446)
0 . r  3 1  I

(0.0078)
- 0.0,171
(0.0073)

- 0.0637
(0 .0100)

-  0 .0 : t3
(0.01;16)
0 . 2 1 8 1

(0 .01s2)
- 0 . 1  1 2 4
(0.0r 17)

-0.05 87
(0.0224)
0 . 1 0 r 0

(0.0226)
0 .0751

(0. I  026)
0.0006

(0.1060)

6.6680
(0.sr  6r  )
0.4598

(0.0e_j3)
0.6667

(0. r 82-5)
-0 . r  264
(0 . r  3s7)
-0.2459
(0.0s 1 3)
0.0630

(0.0742)
0.8240

(0.0e0e)
0 .3s89

( 0 . r 2 8 1 )
0.0s3 r

(0.0238)
0.0-132

(0.011r )-0.0863
(0.02 7r )
0.4591

( 0 . r  0 7 1 )
-4.4924
(0.07s-s)
0 .5787

(0.0s8e)
0 .01s5

(0.o0re)
-0.0039
(0.00_36)
0.0-179

(0.00,11)
0.049-s

(0.0062)
0 . 2 4 1 I

(0 .0 r  12)
-0 .1382
(0 .012 7)
0.0990

(0.01e4)
0.0266

(0 .01e7)
0.0737

(0.0238)
-0.0242
(0.031-1)

7.7089
(  l . 0 1  3 2 )
0 . 2 0 1 3

(0.  r  73s)
-0.5240
(0.3s 34)
0 . 1 8 2 2

(0 .4143)
0.2798

(0.0383)
0.0243

(0 .0s81)
0.7720

(0.0844)
- 0.0761
(0 .10e4)
0.0506

(0.0278)
- 0.04_s9
(0.0se6)

-0.0050
(0.0-s6e)
0.- j018

(0 .1626)
- u . I  / - 1  /
(0.  l  562)
0 .1900

(0. I  676)
-0.00:8
(0.002 7)
0.0068

(0.002e)
-0.0075
(0.0036)
0.003-s

(0.00-s1)
0.24:4

(0 .0131)
-0 .  I  6 :5
(0 .01  l7 )
-0.0867
(0 .0180)
0.0820

(0 .0187)
0.0880

(0.022 3)
-0.0048
(0.02e2)

-r .2570
(0.3248)
0.0334

( 0 . 0 7 1 s )
0.285-5

(0 .1  3  1  8 )
0 .681 I

(0 .0778)
0.5 896

(0.0315)
0,0708

(0.0s80)
0 .553:

(0.0837)
-0 .2 r  36
(0. I  07s )
0.0284

(0.02 7s)
0.079_5

(0.0497)
- 0 . r 0 7 9
(0.02e6)
0 .5254

( 0 . 1 r  8 4 )
-0.60.19
(0.08:7 )
0 . 7 1 l 8

(0 ,0611)
- 0.01. i0
(0.00:1)
0.0009

(0.002e)
0.0066

(0.0035 )
0 . 0 1 7 5

(0.00-i l  )
0. :-188

(0.01-?1)
- 0. I 50.j
(0 .0 r  l7 )
0.1.160

(0.ol80)
0 .0710

(0 .0r  87)
o.0727

(0.0223)
-0.2262
(0 .02e1)

d , ,

d : :

d : r

d , ,

r l l

' . )  
r . l

) : :

):r

I : r

I r r

' ) .r .r

D.,
t 4 1
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Parameter Unrestricted
Linear
homogeneous Separable

Linear
homogeneous
separable

9 r t

P r t

np 
Ir

-o.0220
(0.0046)

-0.0039
(0 .0061)
0 .0288

(0.006e)
-0.0003
(0.0r 03)

-0.0704
(0 .0r  r  I  )
0.029 r

( 0 . 0 1 4 1 )
0.0076

(0 .0  l  6 l  )
0 .0337

( 0 . 2 1 1 r )
-0 .0305
(0 .0100)
0.03 80

( 0 . 0 1 3 1 )
0.0054

(0 .014e)
- 0 . 0 1 2 9
(0 .0222)

-0.0249
(0.0044)

-0.0045
(0.00s7)
0.0343

(0.0066)
-0.0049
(0.00e8)

-0.0092
(0.00e2)
0 . 0 4 1 8

(0.0066)
-0.0760
(0.008e)
0.0434

( 0 . 0 1 7 1 )
0 .0341

(0.007 r )-  0.03 73
(0.00s 2)

- 0 . 0 1 6 8
(0.0060)
0.0200

(0 .0107)

9 t r

Ptt

Pl.r

Ptt

'Standard Errors in Parentheses. bCoefficient and standard error are derived

Tabfe 2. Test statbtics for restricted models^

Model
Number of
restrictions

Critical level of
F(q,  - )  a t  0.01

Test statistic significance level

Homogeneous of degree one
Separable
Homogeneous of degree one and

se Parate

1
9

t 3

0.01
9 . 8 1

15.26

2.64
2 .41

2 . r8

"See Caves and Christensen (1976) for details of the calculation.
These results are means for 89 hospitals which satisfied the necessary and
for cost minimization, i.e. (o,; < 0 and the Hessian of the cost function
definite ).

sufficient conditions
being negative semi-
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Tabfe 3. Calculotecl averoges of ntorginal cost for olternntive hospinl sizes

Category Number
Averaqe
beds

Occupancv
rate %

Mnrginal
cost of child

Mareinal
cost of adult

Marginal Averaqe
cosl of medicare revenue

,;

:,!

..4

lrss than 50
50-99

100-149
150-199
200-249
250-299
300-349
350-399
400-449.
500-549
550-599
559-

29.07
7 2 . t 2

l2 .1 .  t  I
164 .50
20.1.00
272 .83
3 l 9 . 3 3
:182.40
424.50
-s 32.00
565.00
725.60

6 1 . 1 5
7 l  . 9
7-1.0
77 .4

'  8 1 . 7
88 .1  2
8 r .30
6e.00
8-5.79
88 .37
86.96
8 7 . 1  3

108.-12
2  |  3 .54
184. .s  l
109.17
1 0 t . 5 7
t 7 2 . e 6
170.7.1
I tt6.62
I  7 l  .9-1
l 6 . s . l 2
I  62.50
25-1.-50

94.7:l
1 0 2 . 1 2
ti.1.07
99..16

t 0 l . . s 3
l  16.9-s
8tt.7.l

1  00 .1  0
154 .99
103 .9e

'  l ? -5 '  l e
84.67

l4E.62
t29.29
I  14.9-s
I  t 7  . 4 1
I  l  8 . 8 1
t  20.24
l l l . 5 l
| ] 9 .60
1 4 9 . 3 1
t 9 4 . t 2
| 06.-17
2()-1.33

l 4
34
l 9
l 6
2
6
6
-5
4
2
I
)

85.:l l
7().-1q
60.2:l
.s4. :4
60.19
7.1.04
4-1.67
4 .1 .  t 4
87.0-s
4 t .8 - i
4 l  .4-s
n r . l l

Table 4.

"No hospital in the sample was in the 450-499 Bed Range. .

Estimated elasticit ies of suhstitution Estimatccl o*'n-pricc dcmirnd clrrst ici t ics

Nur-sing Ancil l l rv Gcnerl l  C:rpital
Nursing- Nursing-
ancil lary general

Nursing-
capital

Ancil larv-
general

Ancil larv-
capital

Gc-neral-
capihrl

t,
):
I
I
I'
I

0.95 t . 4 8 -0 .87 -0.07 - 3.tt6 5.44 - 0 . 7 1 - ( ) . ( )  I -  0.-56 - 0.0tt
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services that are available to infants and children, i.e., nurseries, special care nurseries, and
children's wards and also the unusually high expenses of neo-natal care.

Also of interest is the finding that the mean marginal cost values for a Medicare inpatient
day is consistently lower than the marginal cost for a non-Medicare patient day. Exami-
nation of detailed data indicates that Medicare patients tend to use less expensive inputs
than their non-Medicare counterparts. lrss than half (47.l%) of all non-Medicare days
are in this category. Since the other service categories (in particular the various surgery
groups and OB-GYN) are more expensive on average than medicine, part of the difference
in marginal cost is the result of the difference in the distribution of cases.

Further, the average length of stay for the Medicare group is, upon examination, always
higher than the non-Medicare group in every diagnostic classification. While the cost of
'treatment' per se (i.e., the cost of performing an operation, etc.) does not vary greatly
among age groups, the longer average length of stay due to the longer recuperation pe riod
for the elderly, makes the marginal cost per day lower for the elderly because it 'spreads

out' the treatment costs over a longer pe riod of time. Medicare patients also utilize Medicine
services for a longer period of time than do other groups, thus reflecting the substitution of
hospital residency, which is covered by Medicare.

Table 4 displays the final estimates for partial elasticities of substitution and the own
price demand elasticities.20 Recall that the partial elasticities of substitution for the translog
are defined as:

o. .=Y ' i  1M, ' fu '  ;a i,, M,M,

o  =Y , ,+M- , !M , - r ' )
"M i

(7)

The parameter estimates in Table 4 indicate that nursing services are fairly substitutable for
both ancillary and general services, but are complementary with capital services. Ancillary
services are also complementary with capital and with general services (but the size of this
effect is very small). Capital and general labour services are strong substitutes for each
other. These results for capital and general labour semices are quiie intuitive. The
expansion of the capital stock toward more sophisticated technologies increases the demand
for highly skilled technicians to operate and maintain them. Also larger hospitals in terms of
numbers of beds need more nurses to serve the additional patients. Since the general service
category includes maintenance, housekeeping, dietary, etc., an increase in capital can be
expected to substitute for the 'non-technical' categories.

Finally, the own price elasticities of the various inputs show a greater price sensitivity
for general and nursing services than do the other two categories. This result is also
intuitive. General services and nursing services are more easily substituted for the other
inputs and thus can be expected to have a larger own price elasticity.

20See Uzawa (1962) for derivations.

"*',F?F.:lctTqq::rryflilnfiS;1., 
;s!F.Frirr-,:T -
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V .  S U M M A R Y  A N D  C O N C L U S I O N S

The empirical results reported here offer one explanation for the observed rapid increase in
hospital costs. The complementary nature of nurses. technicians. and other specialized
laklur with capital suggests that introducing new forms of capital-intensive technologies
has increased the demand for these highly skil led (highly paid) groups of labour and
disproportionately increased costs.

These results indicate that the use of a multiple-output. multiple-input model of hospitals
can provide valuable insights into aggregate hospital cost behaviour. With such recent
propcsals as certif icate of need legislation. and other forms of cost controls as well as the
increasing pressure for some form of national health insurance. the hospital sector is in a
statc-  of  suhstant ia l  t ransi t ion and such models permi t  a more real is t ic  appraisal  of  such
policies than heretofore has been available.
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