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The aim of the IIASA Modeling Health Care Systems Task 
is to build a National Health Care System model and apply it 
in collaboration with national research centers as an aid to 
Health Service planners. The modeling work is proceedinq along 
the lines proposed in earlier papers by Venedictov (1) among others. 
It involves the construction of linked sub-models dealing with 
population, disease prevalence, resource need, resource supply, 
and resource allocation. 

This paper examines how a National Health Care System model 
can be applied to the planning of health services, considers the 
role of the resource allocation sub-nodel in particular, and 
proposes a disaggregated sub-model to perform in this role. 
Following the recommendation of an earlier paper ,(2 1, in which 
the literature was reviewed, the resource allocation sub-model 
proposed in this paper is of the behaviour simulation type. 

Recent related publications of the IIASA Modeling Health 
Care Systems Task are listed on the back page of this Memorandum. 

Evgenii N. Shigan 
December 1 977 





Abstract 

The planning of health services can be viewed as occurring 
in two stages--the estimation of the amounts of health care 
resources that would be needed if the Health Care System (HCS) 
were to test all sick individuals at clinically desirable stan- 
dards and the downward revision of these estimates In order to 
comply with economic constraints. To assist in the second stage 
a model is proposed which includes sub-models for population, 
disease prevalence, resource supply, and resource allocation 
and which could be used interactively by the planner to explore 
resource options. The role of the resource allocation sub-model 
in this design is to simulate how the HCS allocates limited re- 
sources between competing demands. To perform this role a sub- 
model is proposed which derives from a resource allocation model 
which is being used in health service planning in the UK. The 
sub-model as proposed here can be applied to only one sector of 
the HCS at a time whereas the UK model can be applied to several 
sectors simultaneously. However it is more easy to use than the 
UK model and its computational requirements are considerably 
lighter. The sub-model is described in terms of its application 
to the hospital in-patient sector and its performance is illus- 
trated by a hypothetical application to the South Western Region 
of England. 





A Disaggregated Hea l th  Care Resource A l l o c a t i o n  Model 

1.  PLANNING THE FUTURE PROVISIONS OF HEALTH SERVICE RESOURCES 

One of  t h e  main t a s k s  i n  t h e  s t r a t e g i c  p l ann ing  of h e a l t h  
s e r v i c e s  i s  t o  determine t h e  p r o v i s i o n  of an a p p r o p r i a t e  mix 
o f  r e s o u r c e s  ( h o s p i t a l  beds,  phys i c i ans ,  etc. )  f o r  t h e  f u t u r e .  
The way i n  which t h i s  i s  done (and t h e  e x t e n t  t o  which it i s  
done through a c e n t r a l  p lann ing  agency) va ry  from one coun t ry  
t o  ano the r .  However i n  most c o u n t r i e s  t h e  s t r a t e g i c  p lann ing  
of r e s o u r c e  p rov i s i on  can be seen  t o  occur  i n  two s t a g e s .  W e  
s h a l l  r e f e r  t o  t h e s e  two s t a g e s  h e r e  a s  t h e  uncons t ra ined  s t a g e  
and t h e  constr9ained s t a g e  of  pl2r,rI.i ng. I n  t h e  uncons t ra i ned  
s t a g e  p l a n n e r s  a t tempt  t o  e s t i m a t e  Luture r e s o u r c e  needs i n  
t e r m s  o f  what would be needed t o  m e e t  al.1 a n t i c i p a t e d  demands 
f o r  h e a l t h  c a r e  a t  c l i n i c a l l y  pe rce ived  i d e a l  s t anda rds .  Fol-  
lowing t h i s ,  i n  t h e  c o n s t r a i n e d  s t a g e ,  account  has  t o  be  t aken  
of c e r t a i n  c o n s t r a i n t s ,  p a r t i c u l a r l y  economic c o n s t r a i n t s ,  t h a t  
l i m i t  t h e  t o t a l  amounts of  r esou rces  which a coun t r y  can a f f o r d  
t o  devo te  t o  h e a l t h  c a r e .  

A f u l l y  developed form of t h e  uncons t ra ined  s t a g e  o f  Hea l th  
Care System (HCS) p lann ing  i s  d e p i c t e d  i n  F igu re  1. I n  t h i s  
scheme t h e  e s t i m a t i o n  o f  HCS r e s o u r c e  needs f o r  a g i ven  f u t u r e  
yea r  proceeds a s  fo l l ows .  A f o r e c a s t o f  popu la t i on  i s  combined 
w i t h  a f o r e c a s t  o f  d i s e a s e  p reva lence  r a t e  t o  y i e l d  an e s t i m a t e  
of f u t u r e  morbid i ty- - the amount of  s i c k n e s s  i n  t h e  popu la t i on  
a s  a whole;  t h i s  e s t i m a t e  can be an aggrega te  f igure- -genera2 
morbid i ty- -or  it can be d i sagg rega ted ,  e .g .  by age ,  sex ,  and 
d i s e a s e  type.  The p a t t e r n  of  f u t u r e  morb id i t y  is t o  a l a r g e  
e x t e n t  a p roduc t  of n a t u r e  and t h e r e f o r e  t h e  e s t i m a t i o n  o f  it i s  
amenable t o  s c i e n t i f i c  f o r e c a s t i n g .  By c o n t r a s t  t h e  o t h e r  f a c t o r s  
invo lved ,  i d e a l  s tandards*  and p o l i c i e s  f o r  t r e a t m e n t  and preven- 
t i o n  (which de te rm ine  t h e  modes of  c a r e ) ,  a r e  t h e  p roduc t s  of  t h e  
i n t e r v e n t i o n  of  t h e  HCS and a r e  t h e r e f o r e  s u b j e c t  t o  HCS p o l i c y  
(see F igu re  1 ) .  A s  an example l e t  us  cons ider  t h e  t r e a t m e n t  o f  
pneumonia. I n  one coun t ry  o r  r eg ion  it might be  cons ide red ,  on 
c l i n i c a l  grounds,  t h a t  9 0 %  of pneumonia cases  need t h e  h o s p i t a l  
i n - p a t i e n t  mode of  c a r e  and t h a t  t h e i r  average l e n g t h  o f  s t a y  
shou ld  be 20 days.  However i n  ano ther  coun t ry  o r  r e g i o n ,  where 

* I n  t h i s  paper  t h e  t e r m  s t a n d a r d  deno tes  t h e  average  amount o f  
a HCS r e s o u r c e  consumed p e r  p a t i e n t  f o r  a g i ven  t r e a t m e n t  (e .g .  
20 days f o r  a h o s p i t a l i s e d  c a s e  o f  pneumonia). I n  some o f  t h e  
l i t e r a t u r e  t h i s  t e r m  is  used i n s t e a d  t o  deno te  t h e  a g g r e g a t e  
amount of  r esou rce  p r o v i s i o n  (e .g .  1.9 s u r g i c a l  beds p e r  1000 
p o p u l a t i o n ) ;  t h i s  l a t t e r  t y p e  o f  q u a n t i t y  i s  covered i n  t h i s  
paper  by t h e  t e r m s  r esou rce  needs and resou rce  supp ly .  
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Figure 1. Planning the provision of HCS resources: 
unconstrained stage. 

Population 4 

Forecast 

perhaps the quality of housing is better and the availability 
of domiciliary services higher, a lower hospitalisation rate 
and/or a shorter average length of stay might be considered 
appropriate. From the quantities described above--population, 
morbidity, standards and policies--resource needs for the HCS 
can now be calculated. For example the number of hospital beds 
required for treating pneumonia can be calculated from the fol- 
lowing equations: 

Needs 

(MORBIDITY) = (POPULATION) x (PREVALENCE RATE) , 

(HOSPITAL BEDS) = (MORBIDITY) x (HOSPITALISATION RATE) 

Morbidity 
Forecast 

AV. LENGTH OF STAY ( OCCUPANCY 

- 

where (OCCUPANCY) = the average number of days per year for 
which a bed can be occupied. This calculation can be performed 
for each type of disease and by summation the need for each 
resource can be computed. 

Prevalence Rate 
Forecast 



The uncons t ra ined  s t a g e  i n  t h e  HCS s t r a t e g i c  p lann ing  o f  
c e r t a i n  c o u n t r i e s  h a s  been documented. For  example Popov [ 3 ]  
d e s c r i b e s  how it i s  conducted i n  t h e  USSR. Disease p reva lence  
rates are es t ima ted  by combining r o u t i n e  d i sagg rega ted  d a t a  on 
s i c k  persons  c o n t a c t i n g  t h e  HCS--registered prevalence--wi th 
more agg rega te  d a t a ,  from sample su rveys  o f  t h e  g e n e r a l  popula- 
t i o n  (see a l s o  Shigan [ i i l ) .  Prospec t i ve  s t a n d a r d s  and t r ea tmen t  
p o l i c i e s  are determined by a combinat ion of  s ta t i s t i ca l  a n a l y s i s  
of  c u r r e n t  a c t i v i t y  i n  t h e  HCS and e x p e r t  o p i n i o n s  on ways i n  
which t h e  c u r r e n t  performance of t h e  HCS shou ld  be improved. ' 

I n  a s imi lar  way r e s o u r c e  needs are es t ima ted  f o r  t h e  
Na t i ona l  Hea l th  S e r v i c e  and Pe rsona l  S o c i a l  S e r v i c e s  i n  t h e  UK,  
a l t hough  t h e r e  i s  less q u a n t i f i c a t i o n  than  i n  t h e  USSR o f  mor- 
b i d i t y  and i d e a l  s t a n d a r d s  a t  a d i sagg rega ted  l e v e l .  These 
r e s o u r c e  needs (sometimes termed p l a n n i n g  norms)  are pub l i shed  
by t h e  c e n t r a l  a u t h o r i t y ,  t h e  Department of  Hea l th  and S o c i a l  
S e c u r i t y .  A s  an example some of  t h e  pub l i shed  f i g u r e s  on ser- 
v i c e s  f o r  t h e  menta l l y  handicapped a r e  d i sp layed  i n  Tab le  1 
( d e r i v e d  from r e f e r e n c e  [ 5 ]  ) . 

Table 1 .  Planning figures for services for the adult mentally 
handicapped compared with existing provision--from 
UK Government White Paper [ 5 ]  . 

Occupation and 
training : 

In the community 

In hospitals: 

for in-patients 

for day-patients 

Residential care in 
the community : 

Residential homes 

Foster homes, 
lodgings 

Hospital treatment: 

For in-patients 

For day-patients 

Places Provided 

Total England 
and Wales 1969 

24 ,600  

30 ,000  

200  

4 , 3 0 0  

5  5 0  

52 ,100  

5 0 0  

Places Required 

Per 100,000  
total population 

150 

35 

10  

6 0  

15 

5  5 

10 

Total England 
'and Wales 1969 

7 3 , 5 0 0  

17 ,200  

4 , 9 0 0  

29 ,400  

7 , 4 0 0  

27 ,000  

4 , 9 0 0  



The f i g u r e s  i n  column 1 of  Tab le  1 a r e  m u l t i p l i e d  by 
p o p u l a t i o i ~  f i g u r e s  ( f o r  1969) t o  g i ve  t h e  e s t i m a t e s  o f  r esou rce  
requ i rements  (needs)  i n  column 2. Two main p o i n t s  should  be 
noted.  F i r s t l y  t h e  f i g u r e s  a r e  based on a  change i n  t r ea tmen t  
p o l i c y  which i nvo l ves  a  s h i f t  from h o s p i t a l  based c a r e  t o  c a r e  
based much more on r e s i d e n t i a l  homes coupled w i th  e d u c a t i o n a l  
and t r a i n i n g  s e r v i c e s .  Secondly t h e  amounts of r e s o u r c e s  needed, 
column 2, a r e ,  excep t  f o r  h o s p i t a l  i n - p a t i e n t  r esou rces ,  much i n  
excess  o f  t h e  f i g u r e s  on c u r r e n t  p r o v i s i o n ,  column 3 .  

The p lann ing of HCS resou rce  p rov i s i on  would be complete 
a f t e r  t h e  uncons t ra ined  s t a g e  w e r e  it n o t  f o r  t h e  f a c t  t h a t  no 
coun t ry  appears  t o  be  a b l e  t o  a f f o r d  t o  p rov ide  HCS r e s o u r c e s  
a t  t h e  l e v e l s  of es t ima ted  resou rce  needs. Because o f  economic 
and o t h e r  c o n s t r a i n t s  t h e  a c t u a l  p r o v i s i o n s  of HCS r e s o u r c e s  
have t o  be a t  lower l e v e l s .  Thus p lanne rs  have t o  embark on a  
second p rocess ,  t h e  c o n s t r a i n e d  s t a g e  o f  p lann ing,  i n  o r d e r  t o  
determine a  more modest set of  resou rce  p r o v i s i o n s  which ( 1 )  
coinply w i t h  t h e  economic c o n s t r a i n t s  and y e t  (2 )  e n a b l e  t h e  
a c t u a l  perzormance of t h e  HCS t o  come a s  c l o s e  a s  p o s s i b l e  t o  
ach iev ing  t h e  i d e a l s  de f i ned  i n  t h e  uncons t ra ined  s t a g e .  Th i s  
s i t u a t i o n  i s  d e p i c t e d  i n  F igure  2. 

Th is  cons t ra ined  s t a g e  o f  p lann ing  has a l s o  been documented 
i n  c e r t a i n  c o u n t r i e s .  For example Popov [ 3 ]  prov ides  compari- 
sons between f i g u r e s  f o r  t h e  long-term HCS p lan  ( r e s o u r c e  needs) 
and f i g u r e s  from c u r r e n t  p l a n s ,  which a r e  based on an under- 
s tand ing  o f  t h e  economic c o n s t r a i n t s .  Some f i g u r e s  r e l a t i n g  t o  
t h e  p r o v i s i o n  o f  h o s p i t a l  beds a r e  shown i n  Tab le  2; n o t e  t h a t  
t h e  c o n s t r a i n e d  p lann ing f i g u r e s  a r e ,  i n  g e n e r a l ,  s i g n i f i - . '  
c a n t l y  less t han  t h e  long-term, need, f i g u r e s .  S i m i l a r l y  i n  
t h e  UK,  t h e  DHSS has  pub l i shed  a  document [6 ]  which proposes 
a  set  of  r e s o u r c e  p r o v i s i o n s  f o r  t h e  Hea l th  and Pe rsona l  S o c i a l  
S e r v i c e s  i n  a  f u t u r e  y e a r  which a r e  less t han  t h e  p r e v i o u s l y  
pub l i shed  resou rce  needs b u t  which a r e  c o n s i s t e n t  w i t h  t h e  an- 
t i c i p a t e d  HCS budget .  I n  t h e  document an a t t emp t  i s  made, f o r  
each resou rce ,  t o  a s s e s s  t h e  r e l a t i v e  p r i o r i t y  o f  ach iev ing  a  
l e v e l  o f  p r o v i s i o n  equa l  t o  t h e  need f i g u r e ;  f o r  t h o s e  resou rces  
where t h e  assessed  p r i o r i t y  is  h ighe r  t h e  document proposes a  
g r e a t e r  r a t e  o f  i n c r e a s e  i n  p r o v i s i o n ,  i . e .  a f a s t e r  approach 
towards t h e  l e v e l  of e s t i m a t e d  need. 

The dichotomy between t h e  uncons t ra ined  and c o n s t r a i n e d  
s t a g e s  o f  HCS p lann ing has  been exaggerated h e r e ,  t o  e a s e  t h e  
expos i t i on .  I n  r e a l  l i f e  t h e  two s t a g e s  a r e  probably  merged t o  
some e x t e n t ;  i n  assess ing.  resou rce  needs p lanne rs  a r e  bound t o  
t a k e  some account  o f  what l e v e l s  might  be a f f o rded  i n  t h e  no t -  
too-remote f u t u r e .  On t h e  o t h e r  hand it would be u n d e s i r a b l e  f o r  
a l l  p lann ing i n v e s t i g a t i o n s  t o  be dominated by t h e  c o n s t r a i n t  of 
what can be a f f o r d e d  i n  t h e  immediate f u t u r e  s i n c e  p lann ing  might  
t hen  degene ra te  i n t o  a  p rocess  o f  d i s j o i n t e d  incrementa l ism,  de- 
s c r i b e d  by Lindblom [71 and o t h e r s ,  i n  which t h e r e  is  l i t t l e  
i n c e n t i v e  f o r  examining t h e  HCS a s  a  whole and f o r  c o n s i d e r i n g  
s t r u c t u r a l ,  r a t h e r  t han  marg ina l ,  change. Accordingly t h e  IIASA 
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Figure 2. The context of the constrained stage in planning the provision of HCS resources. 














































