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FOREWORD 

The p r i n c i p a l  aim o f  h e a l t h  c a r e  r e s e a r c h  a t  I I A S A  has  
been t o  deve lop a  f am i l y  o f  submodels o f  n a t i o n a l  h e a l t h  
c a r e  sys tems f o r  use  by h e a l t h  s e r v i c e  p l anne rs .  The model ing 
work i s  proceed ing a l o n g  t h e  l i n e s  proposed i n  t h e  I n s t i t u t e ' s  
c u r r e n t  Research P lan .  I t  i n v o l v e s  t h e  c o n s t r u c t i o n  o f  l i n k e d  
submodels d e a l i n g  w i t h  popu la t i on ,  d i s e a s e  p reva lence ,  r e s o u r c e  
need,  r e s o u r c e  a l l o c a t i o n ,  and resou rce  supp ly .  

Margare t  P e l l i n g ,  a  v i s i t o r  t o  IIASA from t h e  Ope ra t i ona l  
Research S e r v i c e  o f  t h e  Department o f  Hea l th  and S o c i a l  S e c u r i t y ,  
UK, has  developed a  submodel f o r  i n v e s t i g a t i n g  medica l  manpower 
p l ann ing  problems. A m u l t i s t a t e  p r o j e c t i o n  model, r e f l e c t i n g  
t h e  m u l t i r e g i o n a l  p e r s p e c t i v e s  e l a b o r a t e d  and s t u d i e d  a t  IIASA, 
is  p resen ted  i n  t h i s  paper .  I ts  purpose is  t o  d e f i n e  p o t e n t i a l  
manpower d e f i c i e n c i e s  i n  market  and p lanned economies, and it 
may be used f o r  t h e  p r o j e c t i o n  ( n o t  p r e d i c t i o n )  o f  manpower 
supp ly  - 

Rela ted  p u b l i c a t i o n s  i n  t h e  Hea l th  Care Systems Task 
a r e  l i s t e d  a t  t h e  end o f  t h i s  r e p o r t .  

Andrei  Rogers 
Chairman 
Human S e t t l e m e n t s  
and S e r v i c e s  Area 



ABSTRACT 

This paper d e s c r i b e s  t h e  s t r u c t u r e  and a p p l i c a t i o n  of a  
m u l t i s t a t e  p r o j e c t i o n  model t h a t  was developed by t h e  Operat iona l  
Research Serv ice  of t h e  Department of Heal th and S o c i a l  S e c u r i t y ,  
UK. The model can be used t o  c a l c u l a t e  t h e  evo lu t i on  of  a  mu l t i -  
s t a t e  manpower o r  popu la t ion  d i s t r i b u t i o n ,  w i th  each s t a t e ' s  
s tock  c l a s s i f i e d  e i t h e r  by l eng th  o f  t ime i n  a  s t a t e  o r  by age 
and subdiv ided i n t o  up t o  f o u r  non in te rac t i ng  popula t ion sub- 
groups (e.g. ,  accord ing t o  sex  and count ry  o f  o r i g i n ) .  Both 
Markov ("push") and Renewal ( " p u l l " )  f lows can be s imulated 
and a wide range of  d i f f e r e n t  network con f i gu ra t i ons  can be 
modeled. 

Medical manpower p lanning problems a r e  a l s o  d iscussed -- 
i n  p a r t i c u l a r  t h e  i s s u e  of  c a r e e r  p lanning f o r  doc to rs  i n  
t h e  presence of demand c o n s t r a i n t s  -- t o  exempli fy t h e  p o s s i b l e  
uses of t h e  model. A s  background, t h e  r o l e  of  manpower plan- 
n ing i n  h e a l t h  c a r e  p lanniny and t h e  s o r t s  of  problems t h a t  
a r i s e  i n  ba lanc ing t h e  supply o f ,  and demand f o r ,  any manpower 
group a r e  o u t l i n e d .  

The g e n e r a l i t y  of t h e  Department of Heal th and S o c i a l  
Secu r i t y  model i s  demonstrated by h i g h l i g h t i n g  i t s  s t r u c t u r a l  
s i m i l a r i t y  t o  t h e  m u l t i s t a t e  models t h a t  have been t h e  s u b j e c t  
of  s tudy a t  IIASA i n  r e c e n t  years .  The model 's  uses  i n  d e t e c t i n g  
both p o t e n t i a l  manpower supply i n s t a b i l i t i e s  i n  market-based 
manpower systems and p lanning i n f e a s i b i l i t i e s  i n  planned systems 
a r e  po in ted o u t .  A model run i s  d iscussed,  based on ahypothe-  
t i c a l  s i t u a t i o n ,  i n  which growth r a t e s  of one grade i n  a  man- 
power network l ead  t o  supply problems f o r  t h e  whole network. 
The Appendix c o n t a i n s  sample inpu t  and ou tpu t  f i l e s .  
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A MULTISTATE MANPOWER PROJECTION MODEL 

1 .  INTRODUCTION 

The s u b j e c t  of t h i s  paper i s  a m u l t i s t a t e  p r o j e c t i o n  model 

f o r  s tudy ing  t h e  evo lu t i on  of a  manpower o r  popula t ion system. 

The model was developed i n  t h e  UK by t h e  Department of Heal th 

and S o c i a l  S e c u r i t y ' s  Operat iona l  Research Serv ice .  The model, 

which i s  computerized, c o n s i s t s  of a  network of s t a t e s  (e .g . ,  

grades i n  a  c a r e e r  s t r u c t u r e ,  o r  reg ions  of res idence)  and 

members of  t h e  popu la t ion  being s tud ied  can be i n  any of t h e  

s t a t e s .  T rans i t i ons  can be made from s t a t e  t o  s t a t e ,  and 

each s t a t e  can a l s o  r e c e i v e  popula t ion from, o r  l o s e  popula t ion 

t o ,  t h e  "world" o u t s i d e  t h e  system being modeled. The popula- 

t i o n  i n  each s t a t e  can be subdiv ided i n t o  up t o  fou r  non- 

i n t e r a c t i n g  subgroups. I n  t h e  a p p l i c a t i o n s  of  t h e  model made 

t o  d a t e ,  t hese  subgroupings have been according t o  sex and 

accord ing t o  whether t h e  popula t ion of a  p a r t i c u l a r  reg ion 

i s  " n a t i v e n  o r  " f o re ign " .  Other d e s c r i p t o r s  can be used, 

provided t h a t  t h e  t o t a l  number of subgroups does n o t  exceed 

fou r .  I n  t h e  rest of t h i s  paper these  subgroups w i l l  be 

c a l l e d  "popula t ion subgroups". 



The population is also characterized by a "history" in 

each state, either by years spent in that state or by age. 

The population distribution changes through time as a result 

of the pattern of flows in the network of states. The model 

is a tool for calculating this population distribution over 

time. A wide range of network configurations can be studied, 

and facilities exist for varying the flow magnitudes during 

a projection. 

The model has been used to investigate medical manpower 

planning problems in the UK health care system; the role of 

this type of model in health care planning is discussed below. 

The model is very similar to that class of multistate popula- 

tion models elaborated and studied at IIASA in recent years. 

(See, for example, Rogers 1980a for a discussion of these 

models). Multistate population systems are projected forward 

in time using measurements or estimates of interstate transi- 

tion probabilities and survival probabilities. The probabili- 

ties are derived either from previously calculated multistate 

life tables or from direct observation. The models are formu- 

lated using matrix algebra. In section 3 of this paper the 

model developed in the UK will be expressed in matrix terms to 

demonstrate its similarity with the IIASA work. 

Projection models are used in manpower planning to study 

the "supply" aspects of a manpower system. In no sense, how- 

ever, do these models make predictions of what the labor force 

will look like. They simply enable the consequences of 

assumed trends to be examined. Manpower modeling itself 

has an importance in health care planning that cannot be 

over-emphasized. It can be dangerous first to plan other 

resources for a health service and only after this has been 

done, to estimate the manpower needed to operate the service. 

This is because a set of resources, which is optimal for non- 

manpower resources, may be grossly suboptimal for manpower. 

A better overall result might be achieved by giving manpower 

the same status as non-manpower resources in the planning 

process. 



Manpower planning can be summarized in the following way. 

First, the planner must assess the demand for manpower that 

a service organized in a particular way would generate. Then, 

the supply that could meet the demand has to be determined. 

Estimating supply and demand is in general an iterative process, 

which stops when an acceptable plan is reached. In such a 

plan, supply will match demand, at least within suitable tole- 

rance limits. The demand itself would be the manpower part 

of a complete set of resources designed to give an acceptable 

service. 

In the next section a typical medical career structure 

will be outlined, and some of the problems that face man- 

power planners will be listed. In the third section the 

operation of the model will be described, and a hypothetical 

examplelof the model's use will be given in the fourth section. 

In the final section the versatility of the model will be 

emphasized. In order to help potential users, the Appendix 

shows how a typical input data file is constructed, and a 

detailed user's guide (1981) is available. 

2. MEDICAL MANPOWER PLANNING 

2.1. The Typical Medical Career Structure 

A medical career structure typically has the features 

shown in Figure 1. Doctors who work in hospitals have a 

hierarchical grade structure. At the bottom of the network 

is a grade for probationer doctors. This grade is usually 

occupied by new graduates. Inthe grade at the top of the 

hierarchy is the doctor who is often the leader of a team 

of doctors and who has most of the responsibility for patients 

in a specialty. The grades in between contain doctors who are 

progressively more specialized with increasing seniority of 

grade. Doctors in these intermediate grades do much of the, 
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r o u t i n e  h o s p i t a l  work. F igure 1 a l s o  shows t h e  kind of work 

t h a t  doc to rs  o u t s i d e  h o s p i t a l s  may be doing - e . g . ,  genera l  

p r a c t i c e  o r  teach ing  medical s tuden ts  i n  u n i v e r s i t i e s .  

Typ ica l ly ,  a  doc to r  has t o  make a  d e c i s i o n  about whether 

t o  remain i n  h o s p i t a l  work o r  seek some o t h e r  k ind of pos t  

when he o r  she i s  i n  one of t h e  in te rmed ia te  h o s p i t a l  grades.  

I n  t h e  UK,  doc to rs  cannot s t a y  i n d e f i n i t e l y  i n  one of t h e s e  

grades.  Fixed t e r m  c o n t r a c t s  a r e  t h e  on ly  cond i t i ons  of 

employment i n  such grades.  

TWO impor tant  a s p e c t s  of  any c a r e e r  s t r u c t u r e  a r e  t h e  

number of pos ts  a t  each grade and t h e  number of s tuden ts  

being t r a i n e d  f o r  t h e  c a r e e r  i n  ques t ion .  A s  f a r  a s  doc to rs  

a r e  concerned, some c o u n t r i e s  e x e r c i s e  t o t a l  c o n t r o l  over  

t h e s e  numbers; o t h e r s  e x e r c i s e  no c o n t r o l  a t  a l l .  There a r e  

in te rmed ia te  degrees of  c o n t r o l ,  such a s  those  enforced i n  

t h e  UK by t h e  Department of Heal th.  Numbers of p laces  f o r  

medical s tuden ts  a r e  c o n t r o l l e d  s t r i c t l y  and s o  a r e  numbers 

of pos ts  i n  t h e  probat ionary  grade ( c a l l e d  "House O f f i c e r " ) ,  

so t h a t  t h e r e  i s  a  pos t  of t h i s  k ind a v a i l a b l e  f o r  every 

newly q u a l i f i e d  g raduate .  There a r e  t h r e e  main in te rmed ia te  

grades ( i n  ascending o r d e r ) :  Senior  House O f f i c e r ,  R e g i s t r a r ,  

and Senior  Reg is t ra r .  The h ighes t  h o s p i t a l  grade i s  Consul tant .  

Numbers of R e g i s t r a r ,  Senior  Reg is t ra r ,  and Consul tant  p o s t s  

a r e  s u b j e c t  t o  c e r t a i n  c o n t r o l s  b u t  p o s t s  i n  t h e  Senior  House 

O f f i c e r  grade a r e  no t .  To be more s p e c i f i c ,  " con t ro l "  a p p l i e s  

t o  t h e  doc to rs  who have c o n t r a c t s  wi th  t h e  UK Nat ional  Health 

Serv ice  (NHS) , n o t  t o  t h e  minor i ty  of doc to rs  i n  t h e  p r i v a t e  

s e c t o r .  The number of  genera l  p r a c t i t i o n e r s  who a r e  permi t ted 

t o  hold NHS c o n t r a c t s  i s  a l s o  c o n t r o l l e d .  



2 . 2 .  Problems i n  Medical Manpower Planning 

The success  of a manpower planning e x e r c i s e  w i l l  depend, 

a t  l e a s t  i n  p a r t ,  on t h e  e x t e n t  t o  which t h e  numbers of  pos ts  

i n  var ious  grades a r e  c o n t r o l l e d .  "Demand" i s ,  a f t e r  a l l ,  j u s t  

a s ta tement  of t h e  number of pos ts  a t  each grade which i s  con- 

s ide red  necessary t o  ope ra te  t h e  s e r v i c e .  To make a demand 

es t ima te  may be l i t t l e  more than a formal e x e r c i s e  i f  t h e r e  

i s  no guarantee t h a t  t h e  r e s u l t i n g  p lan  can be implemented. 

Even i f  i t  can be implemented, t he  s e t t i n g  of a demand f i g u r e  

i s  no easy task .  An a t tempt  should be made t o  r e l a t e  numbers 

o f  pos ts  t o  some measure of workload and budgetary c o n s t r a i n t s .  

What i s  more, demand w i l l  no t  be a s t a t i c  q u a n t i t y  - f o r  

i ns tance ,  workload may change over t ime a s  a r e s u l t  of  planned 

changes i n  t h e  manner o f  d e l i v e r i n g  h e a l t h  c a r e  (e .g . ,  a change 

i n  t h e  p ropor t ions  of  h o s p i t a l  and community c a r e  p rov ided) .  

Success i n  meeting a demand f o r  manpower depends on how 

t h e  manpower i s  d i s t r i b u t e d  through i t s  grade s t r u c t u r e  a t  

t h e  s t a r t  of  t h e  p lanning per iod .  There a r e  l i m i t s  on how 

r a p i d l y  t h i s  d i s t r i b u t i o n  can be made t o  change. For example, 

i n  terms of  t h e  UK medical c a r e e r  s t r u c t u r e ,  a p lan  t h a t  re -  

qu i red  a l l  Senior  R e g i s t r a r s  t o  be promoted t o  Consul tant  i n  

t h e  course  of a year  would be i n f e a s i b l e .  (Senior  R e g i s t r a r s  

need t o  spend about f o u r  yea rs  i n  t h a t  grade t o  ga in  enough 

exper ience . )  There i s  a l s o  a d i f f e r e n t  s o r t  of  c o n s t r a i n t  on 

how t h e  manpower d i s t r i b u t i o n  can be al lowed t o  change, be- 

cause t h e  c a r e e r  should no t  become u n a t t r a c t i v e  due t o  slow 

promotion. (Even i n  a h e a l t h  c a r e  system i n  which t h e  numbers 

of  pos ts  a r e  no t  c o n t r o l l e d  t o  meet demand, t h e  problem of 

p lanning c a r e e r  p rogress  may occur . )  Not s u r p r i s i n g l y ,  i n d i -  

v i dua ls  p r e f e r  t o  be promoted through t h e  grade s t r u c t u r e  a t  

a s teady  r a t e ,  w i thout  encounter ing bo t t l enecks  caused by 

too  many people competing f o r  t oo  few vacanc ies.  



Besides promotion ( i . e . ,  i n t e r s t a t e  t r a n s i t i o n s ) ,  f lows 

i n t o  and o u t  o f  t h e  g rade  network a r e  e x t r a  v a r i a b l e s  f o r  t h e  

manpower p lanner  t o  cons ide r .  The s i z e  of t h e  f low i n t o  t h e  

lowes t  g rade  is c o n s t r a i n e d  mainly by o u t p u t s  from t r a i n i n g ,  

which a r e  themselves t h e  r e s u l t  o f  p a s t  i n t a k e s  t o  t r a i n i n g  

and t h e  l e n g t h  o f  t h e  t r a i n i n g  per iod .  Flows i n t o  h i g h e r  

g rades ,  i .e . ,  r ec ru i tmen t  from o u t s i d e  t h e  manpower system, 

o f f e r  an  a l t e r n a t i v e  way of meet ing t h e  demand of promotion 

from w i t h i n  t h e  system. To dec ide  on t h e  r i g h t  l e v e l  o f  re- 

c ru i tmen t  i s  a problem i n  i t s e l f  - t o o  h igh  a  l e v e l  cou ld  

f o r c e  promotion w i t h i n  t h e  system t o  be t o o  slow. Flows o u t  

o f  t h e  manpower system, i .e . ,  wastage,  a r e  n o t  c o n t r o l l a b l e .  

The f u t u r e  e f f e c t s  o f  wastage t r e n d s  can  be  taken  i n t o  accoun t ,  

b u t  any manpower p l a n  shou ld  be made r o b u s t  t o  f l u c t u a t i o n s  

i n  such t r e n d s .  

A l l  t h e s e  c o n s i d e r a t i o n s  a r e  g iven  a n  e x t r a  dimension by 

t h e  p resence  i n  t h e  manpower system o f  groups w i t h  d i s t i n c t l y  

d i f f e r e n t  h i s t o r i e s  o f  l a b o r  f o r c e  p a r t i c i p a t i o n .  For example, 

males and females f a l l  i n t o  two such groups.  I n  t h e  U K ,  

n a t i v e  and f o r e i g n  d o c t o r s  a l s o  behave d i f f e r e n t l y .  Typ i ca l l y ,  

many d o c t o r s  come t o  t h e  UK from ove rseas  t o  s t a y  f o r  a  pe r i od  

o f  about  f i v e  y e a r s ,  and t h e n  t hey  r e t u r n  home. Even t h e s e  

r e l a t i v e  behav io r  d i f f e r e n c e s  a r e  n o t  s t a t i c .  Recent l e g i s -  

l a t i o n  enac ted  i n  t h e  UK may reduce g r e a t l y  t h e  i n f l ow  o f  

d o c t o r s  from ove rseas .  

The model o u t l i n e d  i n  t h e  nex t  s e c t i o n  a l l ows  t h e  p lanne r  

t o  make year-by-year p r o j e c t i o n s  o f  numbers i n  g rades ,  by 

t i m e  i n  g rade  o r  age  and by s e x  and r e g i o n  of o r i g i n .  (Other 

d e s c r i p t o r s  may be used i n  p l a c e  o f  s e x  and o r i g i n ,  a s  men- 

t i o n e d  i n  t h e  I n t r o d u c t i o n . )  I t  i s  p o s s i b l e  t o  f i x  t h e  growth 

r a t e  f o r  any grade and t h e r e f o r e  t o  r e p r e s e n t  a  demand p r o f i l e .  

Thus t h e  e f f e c t  on t h e  manpower system of  s e t t i n g  a  demand 

t a r g e t ,  g i ven  a  p r e v a i l i n g  supp ly  t r e n d ,  can  be i n v e s t i g a t e d .  

For medical  manpower, s e p a r a t e  s p e c i a l t i e s  o r  groups o f  s i m i -  

l a r  s p e c i a l t i e s  can  be examined. I n  o t h e r  manpower systems,  

analogous d i v i s i o n s  may occur .  I f  t h e  model i s  used f o r  t h i s  



purpose,  t h e  s t o c k s  and t h e  i n t e r - s p e c i a l t y  f lows must be de- 

f i n e d  w i t h  c a r e .  I n  t h e  lower g rades ,  f o r  i n s t a n c e ,  it may 

be d i f f i c u l t  t o  a s s i g n  a  d o c t o r  t o  a  p a r t i c u l a r  s p e c i a l t y .  

3.  OPERATION OF THE MODEL 

3.1 . General  Fea tu res  

The o p e r a t i o n  o f  t h e  model is  based on t h e  i d e n t i t y :  

Number of a particular = Number of Manpower - ~eavers(f1ow) + Joiners(f1ow) ( 1 )  

Type of Manpower 

Next year (stock) this year (stock) 

By " t h i s  y e a r n  and "nex t  yea r "  a r e  meant two d a t e s  e x a c t l y  one 

year  a p a r t .  I f  w e  c a l l  s t o c k s  K t  l e a v e r s  L and j o i n e r s  J, 

equa t i on  (1 ) becomes 

The p a r t i c u l a r  t ype  o f  manpower i s  r ep resen ted  by a ;  t h a t  i s ,  

a  d e s c r i b e s  t h e  s t a t e .  Success ive  yea rs  a r e  l a b e l l e d  i t  i + l ,  

i + 2 ,  e t c .  P r o j e c t i o n s ,  which a r e  p o s s i b l e  f o r  a  pe r i od  o f  up 

t o  15 y e a r s ,  a r e  made by app ly ing  equa t i on  (2)  t o  each s t a t e ,  

a s  many t i m e s  a s  t h e r e  a r e  y e a r s  i n  t h e  p r o j e c t i o n  pe r i od .  

The i n t e r s t a t e  and e x t e r n a l  f lows can be made e x p l i c i t  by 

w r i t i n g  (2)  a s :  

K (i + 1)  = K~ (i) - Fa (1 ) + aFy (i) - W (i) + Ja(i) 
a  B a  (3  



Here, F (i) i s  t h e  f low l eav ing  s t a t e  a t o  go t o  s t a t e  f3 B a 
and F (i) i s  t h e  f low t h a t  s t a t e  a r e c e i v e s  from a t h i r d  

a Y 
s t a t e  y .  I n  g e n e r a l  t h e r e  i s  more than  one donor s t a t e ,  

and s t a t e  a w i l l  i n  t u r n  donate  f lows t o  more than  one s t a t e .  

W (i) i s  t h e  wastage f low t o  a s i n k  o u t s i d e  t h e  network, and 
a 

J (i) i s  t h e  in f low from a cor responding source  ( n o t  neces- a 
s a r i l y  t h e  same a s  t h e  s i n k ) .  

The network be ing  modeled can i nc lude  up t o  20 s t a t e s ,  

ar ranged i n  any c o n f i g u r a t i o n  and up t o  75 f lows.  The 

cho i ce  of s t a t e s  t o  i nc lude  i n  t h e  network ( r a t h e r  than  t o  

l eave  o u t  l i k e  sources  o r  s i n k s )  must be made by t h e  u s e r  

t o  s u i t  a p a r t i c u l a r  a p p l i c a t i o n .  I f  t h e r e  i s  no obvious 

o r  expected r e l a t i o n s h i p  between t h e  s i z e  of a f low and t h e  

s i z e  o f  t h e  popu la t i on  t h a t  i s  t h e  source  of t h e  f low, then  

i t  may be a p p r o p r i a t e  t o  r e p r e s e n t  t h i s  a s  an  e x t e r n a l  f low. 

I f ,  however, t h e r e  i s  a p o s s i b i l i t y  t h a t  t h e  source  may be  

s i g n i f i c a n t l y  d e p l e t e d  by t h e  f low from it a t  some s t a g e  i n  

t h e  p r o j e c t i o n  pe r i od ,  then  it may be s a f e r  t o  i nc lude  t h e  

source i n  t h e  network. Otherwise t h e  i m p o s s i b i l i t y  o f  a 

non-zero f low from a complete ly dep le ted  source  may occur  

when t h e  model i s  run.  

The model permi ts  equa t ion  (3)  t o  be used i n  a "push" 

o r  " p u l l "  mode f o r  any s t a t e .  I n  t h e  push mode, a l l  t h e  

f low va lues  a r e  s p e c i f i e d  i n  advance. I n  t h e  p u l l  mode, 

K (.i + I ) ,  t o g e t h e r  w i t h  some of  t h e  f lows,  i s  s p e c i f i e d ,  
a 

and t h e  remaining f lows ,  which must be f lows i n t o  s t a t e  a ,  
4 a r e  c a l c u l a t e d  s o  a s  t o  s a t i s f y  equa t i on  ( 3 ) .  Up t o  two 

p u l l  f lows from o t h e r  s t a t e s  i n t o  any one s t a t e  can be modeled. 

For s t a t e s  whose popu la t ion  i s  subdiv ided by years-in-. 

s t a t e ,  up t o  1 0  s ing le -yea r  bands a r e  a v a i l a b l e ,  b u t  t h e  

* 
I t  i s  o f  course  q u i t e  p o s s i b l e  t h a t ,  a s  a r e s u l t  o f  s p e c i f y i n g  
some of  t h e  f lows,  s t a t e  a w i l l  overshoo t  i t s  t a r g e t  va lue .  
I n  t h a t  case ,  t h e  p u l l  f l o w ( s )  i n t o  a w i l l  be zero  and t h e  
oversho t  va lue  w i l l  be ou tpu t .  



number of g rades  t imes  t h e  number o f  bands should  n o t  exceed 

200. The f i n a l  band may accommodate a l l  t hose  i n d i v i d u a l s  

who have spen t  m+ y e a r s  i n  t h e  s t a t e ,  i f  t h e r e  a r e  (m + 1 )  

bands. This method o f  subd i v i s i on  i s  a p p r o p r i a t e  f o r  modeling 

popu la t i ons  t h a t  a r e  n o t  expected t o  s t a y  very  long i n  a  s t a t e ,  

e - y . ,  t h e  more j u n i o r  members o f  a  l a b o r  f o r c e  i n  a  h igh l y  

q u a l i f i e d  p ro fess ion .  The o p t i o n  o f  subd i v i d ing  by age 

r a t h e r  t han  yea rs - i n - s ta te  is  prov ided,  b u t  on l y  f i v e  s t a t e s  

can have an age subd i v i s i on .  Th is  i s  a p p r o p r i a t e  f o r  t h e  

more s e n i o r  members of a  workforce,  who may s t a y  a  long  t i m e  

i n  a  s t a t e ,  l e a v i n g  on ly  on r e t i r e m e n t ,  which i s  a s t r o n g l y  

age-dependent f low. I t  should  be noted t h a t  t h e r e  i s  one 

impor tant  l i m i t a t i o n  on t h e  use o f  age subd i v i s i ons .  They 

can be used on ly  t o  s tudy  t h e  behav ior  o f  a d u l t  popu la t i ons  

i n  d e t a i l ,  because t h e  age  bands a r e  de f i ned  a s :  

<25 ,  25-29, 30-34, ... e t c .  

Flows are permi t ted  from s t a t e s  subdiv ided by y e a r s - i n - s t a t e  

( c a l l e d  ' T-s ta tes )  t o  s t a t e s  subdiv ided by age (A-s ta tes)  

b u t  n o t  v i ce -versa .  A t  t h e  s t a r t  o f  a  p r o j e c t i o n ,  any T-flow 

i n t o  an A-s ta te  is c a l i b r a t e d  by g i v i n g  t h e  f low an  age d i s -  

t r i b u t i o n ,  which i s  p a r t  o f  t h e  i n p u t  d a t a . *  

Push f lows between two s t a t e s  and wastage o u t  of a  

s t a t e  a r e  rep resen ted  i n  t h e  model i n  t h e  same way, i . e , ,  a s  

r a t e s .  E i t h e r  an o v e r a l l  r a t e  f o r  a  s t a t e  is  s p e c i f i e d ,  

( app l i ed  t o  t h e  s t o c k  a t  t h e  s t a r t  of  any y e a r ) ,  o r  up t o  

f o u r  s e p a r a t e  r a t e s  a r e  g iven  f o r  t h e  d i f f e r e n t  popu la t ion  

subgroups i n  a  s t a t e .  A percentage is  s p e c i f i e d  by which 

* 
Each T -s ta te  has  a  "Time S ince  Q u a l i f y i n g "  (TSQ) d i s t r i b u t i o n  
-- see f i n a l  paragraph of s e c t i o n  3.1. Changes i n  t h e  TSQ 
d i s t r i b u t i o n  of t h e  f low from a  T-s ta te  a r e  conver ted by t h e  
model i n t o  changes i n  t h e  age d i s t r i b u t i o n  o f  t h e  f low a s  it 
e n t e r s  an  A-s ta te .  



such a r a t e  v a r i e s  from year  t o  year ;  t h i s  percentage can be 

zero.  Then, f o r  T -s ta tes ,  a s e t  of weight ing f a c t o r s  i s  used 

t o  rep resen t  each year-band's r e l a t i v e  con t r ibu t ion  t o  an over- 

a l l  r a t e  f o r  t h e  s t a t e .  For A-s ta tes ,  age -spec i f i c  wastage 

r a t e s  a r e  used, and t h e s e  a r e  f i x e d  f o r  a p r o j e c t i o n .  Age- 

s p e c i f i c  weight ing f a c t o r s  f o r  i n t e r s t a t e  f lows a r e  no t  a v a i l -  

ab le .  

When a p u l l  f low occurs  o u t  of a T -s ta te ,  each year-band 

i n  each populat ion subgroup has i t s  own weight ing f a c t o r  t o  

determine i t s  c o n t r i b u t i o n  t o  t h e  f low. The mechanism there-  

f o r e  resembles t h e  one f o r  push f lows. For A-s ta tes ,  only 

four  popula t ion subgroup weight ing f a c t o r s  can be inpu t .  

The age d i s t r i b u t i o n  of  each populat ion subgroup i n  an A- 

s t a t e  is preserved i n  t h e  f low, a s  it i s  f o r  push f lows.  

I f  two s t a t e s  c o n t r i b u t e  t o  a p u l l  f low, t h e  weight ing f a c t o r s  

must rep resen t  t h i s  compet i t ion a s  we l l  a s  t h a t  occur r ing  

among t h e  d i f f e r e n t  popula t ion subgroups and yea rs - i n -s ta te  

bands ( f o r  T -s ta tes)  w i t h i n  a s t a t e .  P u l l  and push f low 

weights f o r  any f low can take  a number of d i f f e r e n t  va lues  

i n  a p r o j e c t i o n  per iod .  The s i z e  of a p u l l  f low depends on 

t h e  t a r g e t  s t a t e ' s  s p e c i f i e d  growth i n  a year .  E i t h e r  a 

growth r a t e  (wi th percentage annual  increment o r  decrement) 

can be s p e c i f i e d ,  o r  t h e  a c t u a l  s i z e  of t h e  s t a t e ' s  popula t ion 

i n  each year  of t h e  p r o j e c t i o n  per iod can be inpu t .  

En t ran ts  t o  a s t a t e  from o u t s i d e  t h e  network a r e  almost  

always s p e c i f i e d  a s  a c t u a l  numbers. The on ly  except ion occurs  

when t h e  s t a t e  i s  a p u l l  f low d e s t i n a t i o n .  It i s  then p o s s i b l e  

t o  spec i f y  a percentage of "vacancies" t h a t  a r e  earmarked f o r  

e x t e r n a l  e n t r a n t s .  Within t h i s  o v e r a l l  percentage,  s e p a r a t e  

percentages f o r  popu la t ion  subgroups can be i npu t ,  t o g e t h e r  

wi th  annual  increments/decrements on t h e s e  percentages.  

The computerized model processes f lows i n  t h e  o rde r  i n  

which they a r e  i npu t ;  t h i s  o rde r  i s  t h e r e f o r e  important .  



The rules are: 

(i) Wastage flows are first specified. 

(ii) All push flows must be specified next. 

(iii) The pull flows are then specified. It is 

possible for pull flows to leave states 

which are themselves pull destinations. 

These pull flows must be specified next. 

(iv) Pull flows into target states are then specified. 

(v) Finally, external entrants into states must be 

specified. 

In order that stages (iii) and (iv) are compatible, in a 

hierarchical system, pull flows for the most senior state 

in the hierarchy must be specified first, followed by pull 

flows for the next senior, and so on, (See the Appendix for 

an example.) 

There are a few other mechanisms in the model which are 

worth mentioning at this stage, 

Promotion Flows: For each state, a set of population sub- 

group-specific (and year-band specific, for T-states) "unpro- 

motable" percentages can be input. The flow (push or pull) 

out of a band is halted if it would make the stocks numbers 

fall below these percentages. m his can be regarded as a quality 

control device. In the case of a pull flow, a given band's con- 

tribution might, if unrestrained, deplete that band's stock to 

below the unpromotable percentage. If this happens, no "unpro- 

motablesl' are promoted; the deficit is made up by pulling more 

population from undepleted bands, in proportion to their weights. 

This process is repeated, if necessary, until no more promotable 

stock is available. Any resulting shortfall in the target state 

is carried forward to the following year in the projection. 

Any unpromotable percentage can take different values in the 

different years of a projection period. 



Whole-Time-Equivalents (WTEs) :  I n  some manpower sys tems,  

it i s  u s u a l  f o r  many i n d i v i d u a l s  t o  work pa r t - t ime .  I t  i s  

t h e r e f o r e  m is l ead ing  t o  e q u a t e  t h e  numbers o f  i n d i v i d u a l s  

and t h e  numbers o f  p o s t s .  The model a l l o w s  a  whole-t ime- ---- 
e q u i v a l e n t  r a t i o  t o  be  i n p u t  f o r  a l l  popu la t i on  subgroup y e a r  

bands ( T - s t a t e s )  o r  age  groups (A -s ta tes )  i n  t h e  base  y e a r  o f  

t h e  p r o j e c t i o n .  Th i s  r a t i o ,  when m u l t i p l i e d  by t h e  t o t a l  

popu la t i on  o f  t h e  band, g i v e s  t h e  number o f  WTEs (and hence 

p o s t s ) .  The r a t i o  f o r  a  band s t a y s  f i x e d  d u r i n g  a  p r o j e c t i o n .  

The o v e r a l l  r a t i o  f o r  a  s t a t e  w i l l  t h e r e f o r e  change i f  t h e  

d i s t r i b u t i o n  o f  popu la t i on  among t h e  s t a t e ' s  bands changes.  

The WTE f e a t u r e  i s  e s s e n t i a l l y  a  d e v i c e  f o r  mon i to r ing  l i k e l y ,  

o r  necessa ry ,  changes i n  number o f  p o s t s  i n  a  g rade .  

T i m e  S i n c e  Q u a l i f y i n g  (TSQ): For a l l  T - s t a t e s ,  i n  a  h i e r -  

a r c h i c a l  g rade  system, t h e  model c a l c u l a t e s  ano the r  t i m e  char -  

a c t e r i s t i c  -- t h e  y e a r s  which have e l a p s e d  s i n c e  some d e f i n e d  

even t  i n  t h e  p a s t .  I n  t h e  c a s e  of  t h e  UK medica l  manpower 

system, t h i s  even t  i s  g r a d u a t i o n  from medica l  schoo l ,  t h u s  t h e  

name T ime  S ince  Q u a l i f y i n g .  A TSQ d i s t r i b u t i o n  i s  i n p u t  f o r  

t h e  lowes t  y e a r  band i n  eve ry  popu la t i on  subgroup i n  t h e  

lowes t  s t a t e  o f  t h e  h i e r a r c h y  o f  g rades ,  i n  the base  y e a r  

o f  t h e  p r o j e c t i o n  p e r i o d .  The d i s t r i b u t i o n  f o r  t h e  nex t  

h i g h e r  band i s  o b t a i n e d  by age ing  t h e  lowes t  band ' s  d i s t r i -  

b u t i o n  by one y e a r ,  w h i l e  keep ing i t s  shape i n t a c t ,  and a  

co r respond ing  p rocedure  i s  fo l lowed f o r  a l l  t h e  o t h e r  bands.  

The n e x t  h i g h e r  s t a t e  i n  t h e  h i e r a r c h y  has  i t s  TSQ d i s t r i b u -  

t i o n s  d e r i v e d  from t h o s e  o f  t h e  lowes t  s t a t e .  I n  g e n e r a l ,  

t h e  lowes t  band o f  t h e  nex t  h i g h e r  s t a t e  c o n t a i n s  promotees 

who have s p e n t  v a r i o u s  l e n g t h s  o f  t i m e  i n  t h e  lowes t  s t a t e .  

The TSQ d i s t r i b u t i o n  o f  t h i s  l owes t  band i s  t h e r e f o r e  a  

weighted -- and "aged" -- sum of t h e  TSQ d i s t r i b u t i o n s  of  

t h e  lowes t  s t a t e ' s  bands.  A l l  t h e  h i g h e r  hands a r e  d e a l t  

w i t h  i n  t h e  same way a s  t h e  h i g h e r  bands i n  t h e  lowes t  s t a t e .  

E x t e r n a l  e n t r a n t s ,  w i t h  t h e i r  ( i n  g e n e r a l ,  d i f f e r e n t )  TSQ 

d i s t r i b u t i o n ,  a r e  a l l owed  f o r .  Th is  p r o c e s s  i s  r epea ted  

f o r  each s t a t e  i n  t h e  h i e r a r c h y .  The p rocedure  i s  inappro-  

p r i a t e  f o r  non -h ie ra r ch i ca l  systems and must be bypassed 

(see Appendix) .  



3.2. Matrix ~epresentation 

The matrix representation of multistate population models 

is discussed extensively in IIASA literature of recent years, 

e.g., Rogers 1978, 1980b. A useful summary is given by 

Propoi and Willekens (1978). The evolution of a network 

of states is expressed by the linear homogeneous equation: 

K(t) is a column vector whose elements represent the distri- - 
butions (over age, years-in-state) of each state's population 

at time t (i .e., a particular year) . G (t) is a matrix whose - 
elements are transition rates and survival rates. The matrix 

multiplication of G(t) and K (t) summarizes the act of multi- - - 
plying each of the elements of X(t) by the appropriate tran- - 
sition or survival rates. U(t) describes the exogenous - 
part of the population's growth. In general, both G(t) and - 
U (t) may consist of a mixture of controllable (i .e., con- - 
trollable by policy makers) and uncontrollable variables. 

The homogeneous part of (4) represents a closed system -- 
i.e., one with no inflow from outside the network. U(t) can - 
represent migration into a region or recruits to a manpower 

grade structure. 

G(t) is often assumed to be constant over time. Liaw (1 980) - 
exploitsethe properties of the eigenvalues and eigenvectors of 

a constant G to derive an analytic solution to the multistate - 
population projection problem, which shows the way in which 

the population converges to stability after a disturbance. 

Propoi and Willekens (1978) discuss U(t) in terms of a policy - 
matrix D(t) operating on a further vector V(t). (In a man- - - 
power network, V(t) could represent the entire population - 
outside the network. D(t) could then express the recruit- - 
ment policy designed to select personnel from this outside 

population. ) 



Computerized multistate population models have been 

used at IIASA to study population growth in a number of 

countries. It is not appropriate here to enter into a 

detailed discussion of these applications; see for example 

Rogers (1 980b) , Willekens and Rogers (1978) . It is worth 

pointing out one or two things, however. The effect on 

population growth of migration, compared with fertility 

and mortality, has been analyzed by Rogers and Willekens 

(1978) . Willekens (1  980) discusses the making of labor 

force projections, using as "states" the economically active 

and inactive sectors of the population. Results from studies 

of this sort are of crucial importance in planning a variety 

of services for a population, and in determining how economic 

and social policies for a country or region may be formed and 

implemented. 

If we turn specifically to the UK model, the elements 

of the various matrices and vectors represent age bands or 

years-in-grade bands for each state (or grade). Because each 

state's population can Be subdivided into four population 

subgroups which are non-interacting, equation (4) applies 

to a single population subgroup. U(t) is expressed as a - 
set of numbers, and not in the form of a further matrix DCt) 

-.d 

operating on a vector V(t) . This is because the model was - 
designed to represent in detail a relatively small subsroup 

of the labor force. If, for example, V(t) is the population ... 
of a country, then: 

Any errors in D(t) could therefore lead to large errors in U(t), - ... 
if U(t) is specified as U(t) =D(t)V(t) . The chosen formulation - - - - 
of U(t) does not, of course, prevent the model from being used - 
for relatively large manpower groups. In the UK model, the G(t) - 
matrices can be time-dependent or time-independent. The operation 

of G(t) upon ~ ( t )  expresses push flows. In order to represent - - 
the pull flow facility of the UK model in matrix terms, extra 

vectors need to be introduced, to express the withdrawal of 

population from donor states and the addition of this population 

to pull flow destination states. The matrix representation of the 



model i s  then :  

The s t r u c t u r e  o f  t h e  v e c t o r s  Q ( t )  and R ( t ) ,  a s  w e l l  a s  t y p i c a l  - - 
G ( t ) ,  can b e s t  be seen  w i t h  r e f e r e n c e  t o  t h e  s imple  example - 
o f  F igure  2. 

Y e a r s - i n - s t a t e  bands :  

S T A T E  y 

S T A T E  B 

S T A T E  a 

3 (2 + y e a r s )  

2  (1 - 2 y e a r s )  

1  (< 1 y e a r )  

Pull  i n t o  y from y e a r s - i n -  
s t a t e  bands o f  B 

Push from a t o  B Flows 

F igure  2. Simple network t o  i l l u s t r a t e  t h e  manpower 
equa t i on  i n  m a t r i x  t e r m s .  



If the matrix G(t) and the vectors Q(t), and R(t) are - - - 
expanded to show individual elements, they appear as: 

(In this expansion, W is a wastage rate and P is a push flow 

rate. Time dependence enters via the annual percentage in- 

crements that can be specified for wastage and push flows.) 



The elements Q 83, QB2, QB1 represent the population pulled from 

the three years-in-state bands of state 8, in a particular year 
of the projection, and added to state y. In this example, it 

is assumed that any population entering a state has not been 

in that state before, and so goes only into the first years- 

in-state band. 

In section 5, a few points are made about the potential 

applicability of the UK model to population, as well as man- 

power, systems. These points serve to emphasize the similarity 

of the UK model to those developed at IIASA. 

4.  APPLICATION OF THE MODEL TO PLANNING PROBLEMS 

The example discussed in this section is concerned with 

the possible consequences of achieving planned growth rates 

for certain grades in a manpower career structure. Suppose 

that desirable growth rates for certain key grades have been 

establisbed. Suppose also that the magnitudes of the wastage 

flows and the external recruitment flows are expected to re- 

tain their present values. Then the sizes of the stocks in 

the particular grades which supply the key grades will depend 

directly on the growth of those key grades. Certain combina- 

tions of growth rates of the key grades may have unfortunate 

effects, such as rapid build-up or depletion of stocks in the 

grades which supply the key grades. The dangers of this were 

mentioned in section 2. To summarize those arguments: Supply 

instabilities of this nature could undermine the success of an 

entire resource plan, by enforcing the abandonment of the 

grade growth rates which were originally planned. 



The g rade  network i s  shown i n  F igu re  3 .  The r e s u l t s  of  

us i ng  t h e  model t o  d e t e c t  f u t u r e  supp ly  i n s t a b i l t i i e s  i n  a 

s imple  h y p o t h e t i c a l  g rade  s t r u c t u r e  a r e  shown i n  Figures 4 and 5. 

1 GRADE I 

# pull flow 
push f Zow (constant 

rate in this 
example) 

F igu re  3 .  Hypo the t i ca l  g rade  network. 

The g rades  a r e  a l l  T - s t a t e s .  The f lows i n t o  t h e  key g rades  

3 and 4 (which cou ld  be h o s p i t a l  c o n s u l t a n t s  and g e n e r a l  

p r a c t i t i o n e r s )  a r e  modeled a s  p u l l  f lows.  The growth r a t e s  

i n p u t  f o r  g rades  3 and 4 a r e  summarized i n  Tab le  1 .  The 

g rade  network, t h e  growth r a t e s ,  t h e  base  y e a r  s t o c k s ,  and 

t h e  d e t a i l s  o f  t h e  r e s u l t s  a r e  f i c t i t i o u s , b u t  g rades  3 and 4 

cou ld  be h o s p i t a l  c o n s u l t a n t s  and g e n e r a l  p r a c t i t i o n e r s ,  res- 

p e c t i v e l y .  I t  has  been assumed, f o r  s i m p l i c i t y  i n  t h e  example, 

t h a t  t h e  g rade  1 - g r a d e  2 push f low r a t e  must remain f i x e d .  



Table 1 .  Growth r a t e s  f o r  s e l e c t e d  g rades  i n  a 
h y p o t h e t i c a l  grade s t r u c t u r e .  

Run 
number Grade 4 Grade 3 

F igure 3 shows t h e  numbers i n  t h e  g rades  which would occur  over  

f i f t e e n  y e a r s  i f  t h e  i n p u t  asssumpt ions a r e  j u s t i f i e d .  Run 3 ,  

with a r e l a t i v e l y  h igh growth o f  g r a d e 3 , s h o w s  a s t e a d y  d e c l i n e  

i n  t h e  popu la t ion  o f  g rades  1 and 2 .  C l e a r l y ,  a growth r a t e  

o f  t h i s  s i z e  f o r  g rade  3 cou ld  n o t  be s u s t a i n e d  i n d e f i n i t e l y .  

Runs 1 and 2 show s t a b l e  popu la t ions  i n  g rades  1 and 2 .  

Therefore  t h e  h y p o t h e t i c a l  manpower system i s  r o b u s t  t o  a t  

l e a s t  a l i m i t e d  range of  growth p o s s i b i l i t i e s  f o r  grade 4 .  

Figure  4 can be i n t e r p r e t e d  a s  showing how t h e  g rades  (1 and 2 )  

which a r e  t h e  source  of  manpower f o r  t h e  key g rades  3 and 4 

r e a c t  t o  be ing dep le ted  a t  g iven  r a t e s .  For t h i s  reason ,  

s t o c k s  i n  g rades  1 and 2 have been added t o g e t h e r .  F igure 5 

shows one e f f e c t  on grade 2 ,  i n  p a r t i c u l a r ,  of  imposing t h e  

growth r a t e s  o f  run  3. The h igh growth r a t e  of  grade 3 i s  

t h e  f a c t o r  which causes  t r o u b l e .  Th is  is  shown up i n  t h e  

s t e a d i l y  f a l l i n g  number o f  y e a r s '  exper ience  o f  t hose  be ing  

promoted from grade 2 t o  m e e t  t h e  demands o f t h e  g rade  3 growth 

r a t e .  

To conclude t h i s  s e c t i o n :  t h e  model has  he lped t o  iden- 

t i f y  a s i t u a t i o n  i n  which growth r a t e s  f o r  one grade (grade 3)  

which a r e  h igher  t han  a c e r t a i n  va lue  cou ld  l e a d  t o  s e r i o u s  

imbalances i n g r a d e  popu la t i ons .  The model cou ld  be used i n  

t h i s  way t o  h e l p  p lanne rs  set  r e a l i s t i c  growth r a t e s  -- O r ,  

i f  c e r t a i n  growth r a t e s  must be m e t ,  t o  e s t a b l i s h  t h a t  in -  

c reased  rec ru i tmen t  from o u t s i d e  t h e  g rade  network i s  necessary .  



Stock numbers ........... Run 2 
---- Run 3 

. - -- 
I I I I 

1980 82 8 4 8 6 8 8 9 0 9 2 9 4 Year 

Figure 4. Grade growth for hypothetical grade structure. 
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5. CONCLUSION 

This paper has described a projection model for manpower 

or population systems, in terms deliberately chosen to emphasize 

the generality of application of the model. As a conclusion, 

the important features are summarized here. 

Both market-based and completely planned manpower systems 

can be modeled, because any flow can be specified as "push" or 

as "pull", and also flows into the system from outside can be 

included. A market-based system might typically be modeled 

as a network of push flows. The model could then be used to 

explore the consequences for grade growth of continuing the 

prevailing flow trends or imposing hypothetical flow rates. 

Conversely, a network incorporating pull flows, so that every 

grade's growth was fixed in advance of the planning (i.e., 

projection) period, would be appropriate for a completely 

planned system. This approach allows the user to discover 

the sizes of the flows which would be necessary to meet the 

grade growth targets. In either case (market-based system 

or planned system), the model facilitates the detection, in 
advance, of features such as: 

- Undesirable accumulations or depletions of manpower in 

any grade (see sections 2, 4) 

- Infeasible recruitment requirements. For instance, a 

plan which required large numbers of personnel in 

senior grades to be recruited from outside the system 

might be unrealistic. 

The network of states to be modeled can be hierarchical 

or it can be non-hierarchical. A hierarchical network typi- 

cally represents the manpower system for a profession. Such 

a network can also be used to model a population system defined 

in terms of certain characteristics, such as "never married", 

''married", "divorced", "one child", "two childrenU,etc. A 



non -h ie ra r ch i ca l  network can r e p r e s e n t  a c t i v e  and i n a c t i v e  

s t a t e s  o f  a  l a b o r  f o r c e ,  o r  a  number o f  geog raph i ca l  r e g i o n s  

among which t h e r e  a r e  f lows of  m ig ran t s ,  t o  name b u t  two 

examples. "Push" f l ow networks a r e  l i k e l y  t o  be more appro- 

p r i a t e  t han  " p u l l "  f lows f o r  popu la t i on  sys tems.  However, 

it cou ld  be i n s t r u c t i v e  t o  set  a h y p o t h e t i c a l  t a r g e t  f o r  t h e  

s i z e  of a  r e g i o n ' s  popu la t i on  ove r  a  g iven  p r o j e c t i o n  pe r i od ,  

f o r  i n s t a n c e ,  i n  o r d e r  t o  produce a  l a b o r  f o r c e  o f  a  g i ven  

s i z e .  Then t h e  model cou ld  be used t o  de te rm ine  t h e  magni tudes 

of t h e  f lows necessa ry  t o  m e e t  t h e  t a r g e t ,  and hence t h e  f e a s i -  

b i l t i y  o f  meet ing  such a  t a r g e t .  
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APPENDIX: A Typica l  Inpu t  Data F i l e  and Corresponding 
Output 

The u s e r  beg ins  by c o n s t r u c t i n g  t h e  network o f  s t a t e s  

and dec id ing ,  f o r  each s t a t e ,  whether i t i s  t o  be  an  A-s ta te  

o r  a  T -s ta te .  Next, t h e  n a t u r e  of  each i n t e r s t a t e  f low -- 
push o r  p u l l  -- i s  f i x e d .  The d a t a  f i l e  desc r i bed  i n  t h i s  

Appendix i s  based on t h e  network o f  F igure Al. Th is  i s  p a r t  

o f  t h e  UK medical  c a r e e r  s t r u c t u r e ,  b u t  i t  i s  emphasized t h a t  

t h e  format of  t h e  d a t a  f i l e  i s  genera l  t o  a l l  networks. The 

d a t a  f i l e  i s  shown i n  F igure  A2.  The f i lename i s  MODEL 40.  

Lines which beg in  * o r  > c o n t a i n  o p e r a t o r s .  

L i n e  1 0 :  Various t ypes  of  ou tpu t  in fo rmat ion  a r e  a v a i l a b l e .  

Each type  has  an  index  number ( s e e  F igu re  A3).  The index  

numbers f o r  t h e  t ypes  needed a r e  i n p u t  i n  t h e  *OPTION l i n e ,  

Line  11: The *PRINT o p e r a t o r  i s  used t o  s p e c i f y  t h e  y e a r s  i n  

t h e  p r o j e c t i o n  pe r i od  f o r  which t h e  ou tpu t  in fo rmat ion  

s p e c i f i e d  i n  l i n e  1 0  i s  requ i red .  Summaries on ly  f o r  a l l  

o t h e r  y e a r s  a r e  o u t p u t  (see F igure  A 4 ) .  

L i n e s  2 0 ,  2 2 ,  2 3 ,  3 0 ,  5 0 :  These l i n e s  s p e c i f y  t h e  t i t l e  

which appears  a t  t h e  head of  t h e  o u t p u t s  (F igure  A4). 

Lines 2 2 ,  23 s p e c i f y  t h a t  a s t e r i s k s  should  be p laced  around 



R 
T 

GP 

A 

SHO 

Key : 

C: consul tant  
SR: sen ior  r e g i s t r a r  
R: r e g i s t r a r  

SHO: senior  house o f f i ce r  
HO: house o f f i c e r  
GP: general p rac t i t i oner  

A i n  bottom right-hand 
corner of box means an 
A-state . 

T means a T-state. + is  a push flow 

X is a p u l l  flow 

F igu re  A l .  The example network: a p a r t  o f  t h e  UK medical  
c a r e e r  s t r u c t u r e .  


























