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Modeling Medical Manpower Allocation -
in Centralized Systems

A.I. Yashin

The creation of the national health care system model
described in [1] demands careful quantitative and qualitative
analysis of the subsystems functioning processes. One of the
main subsystems in the general health care model is the man-
power system. For the creation of the man-power model, different
statistical data are required. Before using these statistical
data in modeling it is necessary to investigate some of the
socio-economical mechanisms influencing the man-power spatial
distribution, and to describe mathematically the processes
defining that the state of the system under consideration is

dynamic.

This paper is devoted to the ﬁéfhemgfiéél dé;;f{bEibn of
one such mechanism and includes a computer program based on the
equations used. This investigation may be considered as the
first stage in the creation of the corresponding computer model
using the methods developed in [2]. The development of the
centralized type socio-economical systems are defined in general
by their well?grounded perspective plans for resour¢é>aiiod;€£;n
most importantly their man-power allocation. The complexity of
human demands makes it necessary to take into account under
planning not only the real demands on man-power of the different
regions but also the specific regional\conditions influencing
the migration processes. Lack of consideration of these conditions

may lead to large mistakes in planning.

As an example one may take the situation of the qualified
man-power allocation through the territory of a large region
consisting of several subregions containing different conditions
of human life. If the planning-management body bases its man-

power plans only on the demands of production in the corresponding




regions, it may calculate the general quantity of the necessary
labor-power and may then organize special training for prepara-

tion of the labor of the corresponding profession.

If one considers that a narrowly qualified specialist who
has spent considerable time on his education has difficulties
changing to another specialty, then it becomes clear that he
will seek a region for living that will satisfy first of all
his professional interests and second of all his other demands.
If all the regions he considers have approximately equal oppor-
tunities for professional activity but different conditions of
climate, housing, services, etc., the specialist may want to
change his place of living-to seek greater satisfaction with

regard to his other demands.

The specialist solves the problem of choosing the corres-
ponding place for work by comparing the different conditions in
the regions with his own needs. Such inconsistency vectors
serve as the background for deciding to change the place of
work. The mass character of such inconsistencies generates
the migration flows, which may result in large deficits in the
labor power of some regions. It is clear that the planning
body should take into account the socio-economical mechanisms
forming the migration flows. Moreover, by investigating and
affecting the mechanisms of such kind, one may control the

migration flows.

For example the planning body may pay attention to the
cultural development of regions far removed from the center,
raise the salaries in regions with bad climate, and create in
the same place good housing conditions, good medical care, and

other services.

It is very important for the planning body to make a
careful quantitative analysis of the socio-economical conditions
and human demands to achieve the correct man-power policy. These
mechanisms are very essential for attracting also nonqualified
labor power to the different regions. Thus the man-power question
in the centralized type system consists not only of the prepara-

tion and allocation of specialists; it embraces a wider field



of problems, including the development of a method for attracting
them to and keeping them in those places where their presence

would be most effective for a large region as a whole.

Proceeding from the above, one may separate man-power control
into three main fields of problems: (1) the definition of optimal
demands in man-power resources using the maximization effectiveness
index for large regions; (2) the preparation and allocation of
corresponding specialists; and (3) the creation of conditions
and the elaboration of methods for controlling migration flows

of man-power.

The first set of problems is, from the mathematical point
of view, a number of stat%c optimization tasks. The second set
can be solved within the framework of the education models. The
solution of the third set demands the preliminary investigation
of the existing socio-economical mechanisms forming the migration
flows. It should be noted that the solution of the last set of

problems goes beyond the narrow departmental interests.

In this paper is described one possible mathematical con-
struction which can be used to investigate the corresponding
socio-economic mechanisms in health care. This investigation
is conducted in accordance with the plans for the creation of
a national health care system model, the main directions of which

are formulated in [1].

Let us consider a sufficiently large region divided into
n inner subregions. The migration processes in and out of the
large region will be neglected.

Let Ui(t,x) be the age density, e.g. physicians of some
narrow specialty at time t in region i [2]. Let us assume that
the migration transitions of age group x from region i to region
j in the time interval [t,t+At] is equal to:



where v is some control parameter. We have:

) n
Uj(t,x) = Uj(t—At,x-At) + 121 qij(x,v)Ui(t,x)At

i
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- Yj(x)Uj(t,x)At - 122 q.i(x,v)Uj(t,x)At

i#j

+ o(At) ’ i=1,2,...,n

where

AX)UL (t,%)
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is the natural decrease in the physician population. Adding
-Uj(t—At,x)

to both sides of this equality, dividing through by At, and

taking the limit as At - 0, we have:
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where

a4 = -_z: q.. j=1,2,...,n

(Note that as investigations of specialists in multiregional
migration have shown [3], the age-dependence of the coefficient
qij is essential.) The values of the vector v characterize the

socio-economical, cultural, and other developments in the regions
which affect the migration coefficients.



In fixed time moments t1,t2,... new quantities of specialists
Sj(tn,x) are added to the corresponding regions. These quantities
are the young specialists trained in the educational institutions.
Due to these additions the trajectories of the Ui(t,x) have jumps

in the time moments t1,t reee [B]:

2

Uj(tn’x) = Uj(tn—,x) + Sj(t,x) R n=1,2,... ,

Sj(trx) = S(t,x) ’

he~—3

j=1
where S(t,x) is the number of young specialists at time tn'
Neglecting, for simplicity, the dependence of the elimination
coefficients of the students on the duration of training we may
write:

S(tn,x) = A(tn-T,x) - D(tn,x) ' n=1,2,... ,

where A(tn—T,x) is the density of the number of persons accepted
in the first course of the medical institutions 1 years ago,
D(tn,x) is the number of students who leave the institution
before graduation, and 1 is the time necessary for getting good
professional skill. The attraction possibility of each region

may be considered by comparing the values of the corresponding

indices.
Let Yj (3 =1,2,...,n) be a vector characterizing the state
of region j from the young specialists' point of view. (We make

the rough assumption that all of the young specialists have the
same point of view.) One of the coordinates Y., is defined by

the possibilities of finding work in the speciality in region j,
i.e. the quantity of free places. Other coordinates are defined
by salary, housing conditions, cultural conditions, service levels,
etc. The system of specialists' preferences on the set of the
coordinates of the vector y may be described roughly by the

vector weights a(x), depending on age.



The private tendency to change the region i over the region

j may be expressed as the product:

T k
(a(X)'(yi_yj)) = k£1 a, (x) (Y] - ¥

k
3

where m is the number of coordinates of the vectors Y and a(x).

We may define the coefficients qij(x,v) by the equalities:

(a(x) (¥; (V)= ¥ (V) ))v if (a(-x) (Y, v) - Yj<v)>) > 0

qij(xlv) =
0 if (a(x) (Yi(v) - Yj (v))) < 0 .

The coordinates of the vectors Y, are supposed to depend on the

vector v.

By changing the vector v we may affect the values of the
migration coefficients and control the transition from one region
to another in order to achieve the most desirable distribution
of man-power.

One of these mechanisms was modeled on the computer. For
simplicity we limited ourselves to the investigation of only the
salary mechanism and tried to trace its influence on the other
socio-economical subsystems, such as changing prices, quantity

of goods, levels of dissatisfaction of the people, and others.

It is necessary to mention that the example described is
only for illustrative purposes and does not give a complete
description of complex socio-economical processes in reality.
It seems, however, that it will be useful for the qualitative
understanding of some of the relations within complex socio-

economical problems.

Let us consider the hypothetical population development
under the following system of conditions. The dynamics of the
population are described by the linear birth and death equation:



p(t) = -de - p(t) + bi + p(t) ,

where p(t) is the size of the population at time t, de and bi
the coefficients of death and birth respectively.

Members of the population may fall ill and have demands on
the medical service. Moreover, they have demands on the con-
sumption of some special goods which may be gotten by the pro-
duction processes. In accordance with this the population is
divided into three groups: working, patients (not working), and
physicians, for which we will use the obvious denotations wor(t),
pa(t), and ph(t).

The dynamics of patients are described by the equation:
pa(t) = b(p(t) - pa(t) - ph(t)) - re(t) + pa(t) |,
where b is the morbidity coefficient and re the recovery coef-

ficient. We accepted the following expression for recovery
coefficients:

re(t) = 1 - exp(—'A3 - pm/pa(t)) ,

where

8 ol
pm = k3hc(t) 3. ph(t) 3 .

The working population and physicians receive a salary (wage)
of wwor(t) and wph(t), respectively. The difference between
the wages is, in our model, a background for defining the dynamics
of physicians and workers, with the help of the relation:

ph(t) = G + (wph(t) - wwor(t)) ,

where



Iz_hm(aLx) if (wph(t) - wwor(t)) < 0 ,

wwor (t)
Amax

if (wph(t) - wwor(t)) > 0 ,

and Amax is the maximal assumable value of the differences
between the wages. The dynamics of the working population are
defined by:

wor (t) pop(t) - pa(t) - ph(t) .

It is necessary to note here that the term "physician" is not
very relevant here because it is usually too difficult to change
the qualifications of physicians to those of workers, and vice-
versa. These dynamics are more appropriate for nonqualified
working personnel and, perhaps, nurses. We retain the term

"physician" in this paper with this reservation.

The production rate of physicians and the working population
depends on the capital stocks in these branches. The dynamics

of these quantities are defined by the expressions:

pc(t) =D » c(t)

and

he(t) (1 - D)c(t)

where c(t) is the annual capital production, pc(t) is the production

capital, hc is the health care capital, and D is the capital

allocation coefficient.

The capital production is obtained in accordance with the

relation:

a, ) 81
c(t) = k1<(1 - A1)wor(t)> . ((1 - Az)pc(t)> ,




RS, - —

where (1 - A1)wor(t) is the part of workers producing the
capital and 2Hwor(t) is the part of workers producing the goods

for population consumption,

oy B,

good(t) = k2(A1wor(t)) . (Azpc(t)) .

The coefficients A2, k1 and k2 have the same meaning as the

coefficients mentioned above.

The necessary quantity of goods is defined by the standard
consumption per capita,‘@oostﬁ The corresponding quantity of

workers which should be employed in the production of goods is:

1/a

A wor (t) = (pop(t) +« goost) 2 .
1 32/a2
kz(Az * pc(t))

In reality there exist restraints on the part of workers

for good production. For example A1 may be defined as follows:

0.5 if A

In this case, if A1 < 31 we have the situation of a shortage of
goods and a dissatisfied member of the population, “compp’, which

can be written in the gquantitative expression:

d(t
compp(t) = (pop(t) - ggEBéEl) 1/pop(t) .

The guantity of physicians needed for satisfying the demands
of patients in medical care is defined with the help of the stan-
dard,‘hesf; where:
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hest * ph(t) = pa(t) .

If the quantity of physicians is lower than ph(t), then the

patients have a dissatisfaction which can be expressed as:
compa(t) = (pa(t) - ph * hest)/pa(t) .

Because it is difficult to make exact calculations of future
morbidity and prevalence, the situation with such kind of dis-
satisfaction may arise. Therefore the central body must examine
the indices, compa and compp, and make appropriate changes in
the wage policy. It is necessary to note that increasing a wage
without changing the standards of goods and the production pro-
cess gives rise to the inflation process because the common

quantity of money increases in accordance with the expression:
w(t) = wph(t) ¢ ph(t) + wwor(t) (pop(t) - ph(t)) .
In accordance with this the prices of goods also increase:

w(t)
good(t) °

pr(t) =
The inflation process may be avoided if the standard and
quantity of goods increases in accordance with rises in the com-
mon amount of money for wages. In the Appendix a computer pro-
gram using the above equation shows the results of our model.
The activity of the central body in this simple program was to
change the wages when dissatisfaction indices reached some fixed

levels.

Models of such kind allow the decision maker to more care-
fully investigate the qualitative and quantitative peculiarities

of the socio-economical mechanisms under consideration.
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Appendix

In the Appendix we give one version of the computer program

in FORTRAN IV and the results of modeling.

The parameters AQ and B represent the quality of the
recovery and morbidity rates, respectively (see tables). The
parameters CMP and CPP are the limit levels of dissatisfaction
with the medical service and shortage of goods, respectively,

at which point the central body should change its policy.
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COMPUTER PROGRAM

5@

apny
4000

12

NN

DIMENSION WOR(S52),POP(S1y,PH(S1),HC(51),
PA(S1),RE(5R),COMP(58),CoNMPA(SA),W(SR),
WPH (SP),WWOR(5Q),600D(5@),PR(5@),PC(51)
hsp,

HEST=700,

AG=3,

EPsi0,

C’l.

ALCeQ,8

BTCuy =ALC

Anp,2

Ms 1

BIxd,

DE=0,079

DIFs=Spp,

PRODsp .06

CMPsp

CPP=22,2

NeS2

NiesN+y

600STen, 01

ALIO,TS

BTsi,~AL

AQsQ,

PO 1199 13=y,?

AIEAQet,

R,

D0 1198 I4g=3y,5

A120,2

CoMPA(1) =0,

COMP(1)=0,

wHs45p00,

Wwa4s5an0,

WOR (M=l B0O200R,
PA(M)sSQRAAAD,

PH(MYz1000,
POP(MysPA(M)+PH (M) +WOR (M)
PC(MYz12@,

HC(M)YsSi,

BB+ .24

FORMAT (10x,10FR,1)

DO §1Mp 1=y ,N
WOR(I)sPOP(I)=PH({I)=PA(I)Y
WPH(T)ysWH

WWOR(I)sww :

WPHWEBWPH (I)=wWOR({I)

IF (WPHW=DIF) 4700,4001,40081
WPH{T)IsWWDR (1) «DILF

CONTINLUE
W(I)zWwPHC(I)2PH(IY+WWOR(IYXWOR(I)+WWORCI)wPA(I)
PMzHC(T) w«BTCa (EP#PH(I) ) avALC
RE(I)at ,~EXP(=AQ*PM/PA(TY)
IF(D,9=-RE(I)) 12,11,14
RE(IY=7,9
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3ene
3003

3900
5010
Se11

5101
5102

2004

2003

1100
1101

{gae
1010

334
333

445
444

190

668
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CONTINUE

Tisley

RPOPUSPOP (1)+BIwPOP(1)=DE«POP(])

POP(I1)=PQPY

PAT'PA(I)-PA(I)tREtI)+tPDP(I)wPAcI)-PH(I))aB

PA(I1)sPAT

ACASHC (1) +0aC

MC(11)sHCA

PCAsPC(I)#+(1,.=D)*C

PC(I1)=PCA

JTF(WPH(TI)I=WWOR(I)) 3001,300),3002

GePH(I)

GO TO 3003

GsWOR (1) 0,01

CONTINUE

PHIBG s (WPH (I)=WWAR(I))/DIF

FORMAT (FB,1)

PH(I1)uPHTI+PH(I)x(1,~DE)

IF(PH(I1)) 5010,5012,5011

PH(I1)s0Q,

CONTINUE

IF(PH(I1)«HESTAPA(I)) S510@,5101,5101

PH(I1)sPA(I)/HEST

CONTINUE

GOOD(I)sPOP (1) »GODST

AsSGOOD(I)/PROD/WOR(])

IF(Ae2,5) 20203,2083,2004

AsQ,S

GOQD(I)wA2WOR(I)*PROD

CONTINUE

COPs (POP(1)=600D(I)/6G00ST)

COPASPA(I)wPH(TI)AHEST

COMP (1)=3COP/POP(I])

COMPA(T)sCOPA/PA(L)

IF(CaMp(I)) 1100, 1101,11014

COMP(I)=0,

CONTINUE

IF(COMPA(I)) 1@22a,1210,10l10

COMPA(TI)=Q,

CONTYINUE

IF(COMPA(I)=CMP) 333,334,334

WHSWH+10,

G0 YO 444

CONTINUE

IF(COMP(I)=CPP) 444,445,445

WhsWWeld,

CONTINUE

PR(I)sW(I)*2,00281/600D(1)

CONTINUE

PRINT K67

PRINT 668

FORMAT (6X, 2eacasscEEStEyigSEsslu3SsNACESSRESERRIRRSIRRS
{FEEECE3CZENCEESESENUSRESEISgSglagesasSRENEEEDEEEE’)

DO 692 Isy,N



-15-

667 FORMATt7X,'PHIS'.SX,’NPH'.SX'NORKER’.SX.‘NHOR'.QX,‘PATIENT‘
74X, *POPUL*, 6%, #GOOD”,9X, PRICES,3X, ‘COMPA",S5X, *COMPP?,
15%, *RECOV*)
CONTINUE
PRINT 666, (PH(I),WPH(I),WwOR(I),WWORCI),PACI),POP(I),600D(1),PR(I),
1 COMPA(I), COHP(IJ RECI))

690 CONTINUE

666 FORMAT(1X,8F10,0,3F10,3)

600 FORMAT (1X*PART WOR,G00D PROOUCT*/3X,F11,8/)
AWaASWOR(N)

621 FORMAT (1X°QUONTITI WOR,G00D PROD,*/3X,F12,@)

PRINT 601,AW
PRINT 6@5,‘ ) , ‘ -
603 FORMATC1X‘AGE*,F12,8, *  Baé,F1e,7, * CMPa’,Fa,2,
* ’ CPP=’,F4,2) ‘
PRINTY 603,AG,8,CMP,CPP

AlesAt+t,

1IF(A1=0,9) Ten,781,701
721 810,09
1111 FORMAT (1M1)

PRINT 11114
727 CONTINUE

1198 CONTINUE

1199 CONTINUE
sTop -
END
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