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I - Scientific antecedents :

On the one hand , there is a wide spread belief that precise

insight and the use of effective technigues in the organization,
implementation,end evaluation of health services, 18 very essenw
tial if higher standards of health care are 40 be achieved.Mean-
while, the need for multidisciplinary studies,making use of pro-
gress attained in knowledge and ‘technology , both medical and
general, is unquestioned .
. On the other hand, concerning their role in prevention,diag=
nosis, treatment, rehabilitation and ‘sanitary teaching , health
service facilities could be considered as the symbol of health
care ,. and the physical means or workshops for the entire health
care delivery system. And though they are not ends in themselves
health facilities represent - from the investment , and planning
points of view - a‘capital item +that has a long physical life .
And ignoring the planning for it , would not only affect the ef=
fectiveness and efficiency of care presented,but also would lead
to serious economical losses .

Up to the time of this research , no complete work has been
done in the field of health service location, Host of authors in
1iterature dealt with planning for health service have not paid
attention at all to this side ., Exceptionaly , ocame the swedish

’groug of researchers in Goteborg Center /1966/(1), and Schneider
from the USA /1967/(2) , who separately tried to predict future
hospitals utilization , operating costs , and requirements of an
area , by the use of population and/or facility centered appro-
aches . In their works , they have correlated between number of
attendants to services from certain area , OT for a group of
hospitals,and bed turn-over data or number of patients discharg-
es. As a matter of fact, their works -~though could be considered
as the earliest in the field of distributing health.facilities
geographycaly- have failed to represent a systematic scheme for

analysis, decision making, and evaluation .



That is .why, herein, accelerated efforts lmve been spent by
the author %o represent a general systematic exposition to the
locatioual choice problem of health services on the settlements'
level,i,e. problem of distr:{buting health facilities available at.
present or in the future among urban and/or rural agglomerations:
cities, towns,.etc fulfilling maximal geographical accessibilityf
to the clients in a given regioniAnd in order to 1imit the scope.
of this broad topic of "where® , it has been assumed =for health .
services- that answers have been previously'given;to'the “whaf";*
"to whom" , Yhow! and "who" . Hence the objectives of. this Study
have been put as follows : , : -

1. to expose the locational pattern of health services ,

2. to define 1n.genefa1;,'factbrs;1nf1ueng1ngﬁthep1oeationa1'7
decision . B , S R o

3. to present. .a general and applicable mathematical £ rpe
ulation to the problem of distributing health facilities arong
different settlements of a region . S :

4, to search for new location-oriented indicators and evalu-
ating techniques for health services distribution . .

5. to test the validity of the suggested models through their

application on simplified examples from the reality .

II - Methodology and subject studied :

According to the broadness of the subject and multivariable
have to be coped with , a multidisciplinary-approach has been
adopted by the author /PFigure 1/ . L

Herein , health and disease have been assumed as.reflections
to the degree of adjustment between man and the environment,inat
is why , theoretical study has been carried out to expoge man's
position in the ecosystem , and reflections on him due to his-
interaction with environment.The works of Savgent,Bur, Dubcs (3)
and W.H,0, publications, were very helpful in this field

Similarly,assuming that health services,being special typeof
industry,aiming to facilitating care tc neople at riri,in an eco-
nomicaly talanced cost with benefits or better state of health s

9Given that the choice is going to be matched with the =ac-

ceptability of the clients ,
2
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analysis hae been made to reveal the socioeconomical specifica-
tions of health care,Where the works of V. Djukanovic (4), He R,
Bowen (5), and P, Rudermann (6)were very useful .

Also,making use of regional science, and medical geography -
mainly the works of W. Isard(7),(8) , M. Beckmann (9), and R.W,
" Armstrong(3 )~ locational pattern of health service system , and
factors influencing location and site selection, have been sear-
ched for . A matter which has been concluded after interrogation
and interviewing with experts in Egypt, Hungary, England and the
W.H,0.H,Qs. ~ '

Accordingly, -two multifactorial locational models, have been
. suggested by the author to help in defiﬁing a highly good dolu-
_tion to the problem of distributing health facilities under soiié
given constraints : '

1, The first -SMSAHL mathematical locational mode1§-hae been
" tested in a simple test example , where computer program written
by the author in FORTRAN IV language, has been used to check the
" outcome got when the problem has been solved with a pocket elec-
tronic calculator . .

2, The second -SMIHL.1l mathematical locational mddel§9- dife
fors from the first in being able to define the best or optimal
solution within almost similar constraints to those of the first
model in a more realistic form, The model belongs to the integer
branch of linear programming of operation research . A test
example has been used to explain way of solving such model .

Lastly , meking use of location evaluating'tools:- in use in
general industry made by Florence, Hoover, and Duncan (8) - some
have been adopted after modification, to be applied in the field

§_S_ingle type Multi-constraint Searching A}gorithh for Health

facilities Location . :
§§Single type Multi-constraint Integer programming model for
o . ype X = ;
Health services Location number 1 .
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of health services locational evaluation . They have been clas-
sified under 4 categories included: distance and time shares and
averages, location quotients, and coefficients of localization ,
Such tools have been systematicaly tested in a case study, where
a scheme for locational evaluation has been established by the
author ,

III ~ New scientific results :

-

1. The inter-relationship between man's health and environ-
ment,in relation to the ecological syatem has been revealed more,

‘giving an explanatjion to the W, H.0.8 definition of health , As &

result , NEVW DEFINITION TO HEALIH has been adopted by the author
in his study , stating that health is " The state of adjustment
between man and environment manifested in complete physioal,
mental , and social well-being , and not mearly the absence of
disease or infirmity. Where environment is both the extexrnal one
or habitate§ , and the internal one oYX body fluida,etc.“',

2, The LOCATIONAL PATTERN __OF HEALTH__SERVICES _ mcI;Ig.I_gg
which is attributed fo sponsorship,financing arrangements in ade
dition to type of seivice presented,has becn found-by the author

- to be :
2,1, COMMUNITY oriented , as it is mainly devoted to the sake.of

-people at risk .

2,2, TIME and PRANSPORTATION oriented,or FOOT LOOSE,for the great
role played by time taken to cut distances between people's re-
gidences and sites o services ,

2.3, Tends to take either the FIXED PATTERN or the MOBILE FORM o
The first , usually occurs when people live in fixed dwellings .
while the second is needed,when people are moving or mlgratlng -

nomads and gipsies .
2.4, Tends to take elither the CLNTRALIaED FORM, or the DECENTRA-

LIZED one.Acute hospitals or departments and intensive care unins

§‘l‘he term'habitatn,embraces human social environment,and nat- -
ural one. The last includes the physical- and bio-environments ,



- for example - tend to be highly centralized to facilitate high
level of multispecialized comprehensive care ., While community
control units, and basic care centers tend to be dispersed among
. people at risk, to facilitate ‘an accessible service ,

3., During the search, the author has concluded that DISTRIB-
TPING HEALTH FACILITIES AMONG DIFFERENT SETTLEMENTS requires the
weighting of a great number of factors . These factors could be
summarized as follows : ’

3.1, The DEMOGRAPHIC, and EPIDEMIOLOGICAL factors of community -
They -in tumn~- are determined by the age-sex composition,as well
_ as fertility, migration, morbidity and mortality data, They have
been found to increase the loocational pull of health services ‘to
where people at risk are concentrated ,

3,2, The ECONOMICAL and’ INFRASTRUCTURAL conditions of the sooi-
ety . The economical school to which the sooiety belongs would
determine the concept of health service adopted . Hence , profit
making services producers locate more services to extend their
market areas , bui they would stop when they reach points where
their returns just covér the marginal costs of services.While in
a command society believing in keeping health care almost absol-
utely free,aceessibilityof services are more important than just
keeping them available . Moreover, transportation methods avail- .
able, power,fuel,water and wast disposal have been found to in-
fluence strongly the location decision ,

3,3, The GEOGRAPHICAL, and TOPOGRAPHICAL effects - including the
‘geo-climatic conditions of an area - not only influence the mor=
bidity stiucture , but also are reflected on type , size , and
location of services presented , ‘
3,4, The EDUCATIONAL , and SOCIO-CULTURAL values would not only
" influence manpower distribution,but to great extent would deter-
mine the sanitary behaviour of people, hence, type and distribu-
tion of disease prevalent and population at risk .

3.5, The HISTORICAL and POLITICAL influences are 8o important as
the plan choice,and its implementation are among the politicians'
tasks ,




-4, Similarly,another group of factors have been found-by the
author- to‘influence the FINAL SITE SELECTION OF HEALTH SERVICES
WITHIN GIVEN SETTLEMENT ., Such factors have been found to be not.
only concerned with <finding a quite well climatized place ,
easily accessible to beneficiaries, or with a fine site with at-
tractive building for service performance , but also.imply plant
location engineering infleunced by:

4,1, The natural CONFIGURATION , and ELEVATIONS of LAND affected
by its geognaphical structure and water level ,

4,2, The nathral or man-made WATER FEATURES , a8 lakes, rivers ,
and canals ,

'4.3. The makes of man, such as ROADS , DAMS ’ and BUILDIHGS .
4,4, The relation between LOCATIONAL BUILDING CODES , and ZONING
REGULATIONS from one side , and the type of building propoaed to
be coustructed from the other side .

4,5, The extent of POLICE , and FIRE PROTECTION COVERAGE to the -
selected site , V '

5. TWO NEW APPLICABLE , MATHEMATICAL LOCATIONAQAHODEBS y OT=

iented to computer-aided solutions, haeve been established by the
author , to define highly good distribution - for the fitst - or
-even optimal solution - for the second , In these two models ,
attendants number in relation tc service capacity, distances out
by the attendants to get their nearest services , and number of
‘facilities would be established , or their construction costs in
relation to the available finance , have been coneideredvby .the.
author as the simplified practical constraints to the problem of
distributing health facilities among different settlenen¢s H

5.1. The first /SMSAHL searching algorithm/ -~ flow chart ) - has
been made to be easily run with or even without the aid of ocom-
puters , for ite simplicity together with its high precision of
results ., Shortly, the algorithm searches for those locations -
gsettlements- having construction costs within the available bud-~
get , and possessing the greatest products of multiplication of
number . of attendants by distances to the nearest services, among
those having attendants number equal to/or greater than a given




FLOW CHART 5 . 1 , Start

THE “SMSAHIL" MODIEL

~Read: Ng of settlements,whether there are facilities
present at the start & where? N2 of attendants expeo-
ted from each settlement & distances (W) to the near

' est services, The minimum attendants n & the maximum
distance allowed. Construction costs & available fi-

nance .
i)
I{;Check all settlements#)]

One facility or more are present | |No facilities are present AJ
3 ¥

Shppose temporarly the 1° Ysettlement as having faoili—

ty /intialigation to the 18¢ alternative/ .

. Cancel the previous alternative aftexr registers
k—  ing its solution, & consider the riext settlement |

as having facility /burrent new initiaiizati@ﬂ
to next alternative/ .

SR mase ; -
cheek attendants. n2s

For settlements with no f

lities

All are less than the minimum.‘dne—or more are equal td/br_great-
er than the minimum ,

S ; )
For them cheok the distancestiw)

| |A11 are less tran/or equal {|One or more are gieate:’than the
4 [to the maximum, maximun .

Choose the one with highest product of multiplioation of
attendants n2 by distance (W) .

! S
. Check its cost with available finance
No further solution f—Exceeds it | - [Twithin it

Consider it as having service & adapt distances (W) toJ1_
the new situation , ’

*

No Are there atill settlements not satisfied ?)H—zggf—¢---*

Wexre therxre facilities present at the start 2)'-"N°
: No

~(Have all alternatives been taken ? ) >

- i Yes
Write: The final soilution got k———| Chooss the best |
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minimum , and away from the nearest servicer by distances more:
than a given maximum, Both the minimun and maximum are to be de-
fined by experts of the communities where such model would be
applied ., In the final soIution got the set of assignments -i.e.
locations-are always se’ in order of priority towards satisfying
the best welfare of people to care,from the point of view of ac-
cessibility of services , A matter vhich is of great importance
in cases of implementation within linited resources .

5.2. The secorid /SMIHL.1 mathematical model/ set by the author ,
utilizes zero-one integer linear programming , to increade the
effeciency of the solution and to make it much realistic. It £8-
cilitates the obtainment of optimal .solution to +the locational
problem and can be solved easily by the use of one of the ine
teger programming techniques , like branch and bound of Land .and
Doig (10)and(1ll).The problem of location -mathematicaly- has be-
en put by the author as follows : ‘

Find °<j ’ Yij satisfying

T > b ¥ 7
n . .
= ¢ .
il X Y Cj ey v § €37
m
L=l ety £ 7
and o<j ’ ,Yij = 0 or 1
that minimize the linear form :
n ,r.m
1=l & 3=l Xy diy Yy = 2

where
i =192900e09n Populations settlements ,

J=1y25.00,m : Possible sites for establishing services  ,
/ wherem<¢n/,



- Population at i to be served ,

4

i
dij ‘ : The shortest distance between i and Joo
bj ¢ The minimwua number of population to Dbe seryed
. at j if service would be established there/i.e.
minimum capacity/ ,
¢ ¢ Maximum number of population to be served at ]
if facility would be established there / i.e._,.'
~ Maxigmum capacity / , ‘
P ' ¢ Maxi, number of facilities could be establiehed,
°<J ‘ 1l ¢ If facility would be established at j ,
0 ¢ Otherwlse ,
1 : If population of i move to j when service would
Yijl ‘be established there , ' '
0 ¢ Otherwise .

6. - AROUND 60 NEW HEALTH SERVICES TOCATION EVALUATING TOOLS
have been suggested by the author to measure the locational 0f-

 fects of health services distribution on the accessibility of
health care preasented : ‘

6.1. The TIME and DISTANCE SHARES :

They are very simple tools that te:rt. for each time , and for one
settlement the total kilometers or hours taken by all the set-
tlements’ citizens , population at risk , or attendants to reach
their facilities . They could be made ,through multiplying time
in hours , or distances in kilometers taken to reach the nearest
services by number of citizens,.population at risk,or attendants -
of the settlements . Weighting factors to .distances , like the
degree of road roughness,or cost of transportation could be used-
Similarly , number of visits. to the ‘facility per year, could be
used as weighting factor to citizens number, population at risk,
or attendants . If (W) would refer to such weighting factors,the
following could be obtained :

i, Time-citizens share . ii, Time-citizens share (V).
iii, Time-population at risk ' iv, Time—population at zisk
share , share (W),

v, Time-attendants share . Cvi. Timg;attendants share (V).

10



vii, Distance~citizens share, viii, Distance-citizens share(W)

ix, Distance-population at : X, Distance~population at
‘risk share , risk share (W),

xi., Distance-attendants share. xii, Distance-attendants share

().

6.2, The TIME and DISTANCE AVERAGES : A )

They represent for a region-composed of group of settlements-—the -
average time or distance taken by one of the citizens,population
at risk , or attendants to reach his service , They equal to the
"weighted mathematical averages" for time or diustance shares for
all settlements of the region i,e, summation of time or distance
shares divided by total number of citizens,population at risk or
attendants.Keeping W)as in 6.1,the following could be obtained :

i, Time-citizens average, ii, Time~citizens average(W).
iii, Time-population at risk iv, Time-population at risk
average . average{VW), .
v. Time-attendants average, vi, Time-attendants average (V)
vii, Distance~citizens average, viii, Distance-citizens . average
w).
ix, Distance-population at X, Distance - population at
risk average . risk average (W),
xi, Distance-~attendan’s xii, Distance -attendants ave-
average , rage ‘W),

6.3, The LOCATION QUOTIENTS :
They represent powerful tools for comparing the percentage share
of a particular benefit with its percentage share of some other
basic aggregate in two places : 2 settlements, or one settlement
and. the region it belongs to . Supposing that the suffices " a *
and "b'represent these 2 places and that other symbols appearing
in the R.H,S, are driv2d from their real notations in the ccr-
responding L.H.S., of the equations , the following could be ob-
tained , noting that the complete balance occurs when they equal.
to the unity :

i, Pacility / area location quotient = Fa / Ty

Aa /~Ab

11



1
=)
®
~N
c"ﬁ

ii, Facility / citizens location quotient =

Ca / cb
iii, Facility / populafion at risk e = - Ta / Py
. | Pa / Pb
iv, Facility / attendants ez Fa /Ty
Za / Ty
Ve Docto;é office / area ez O / Oy
Ag / Ay
~vi, Doctors office / citizens e = Aoa / Oy
Ca / Oy
vii, Doétors office / population at risk -"- = Oy / 99__
- WEN
viii, Doctors office / attendants e = O / Oy
/Ty
ix, Shiﬁs/ area e = 5o/ sbi
Aa / Ab
X, Shifts/ citizens ' e = g / 8y
Ca / cb
xi. Shifts/ population at risk e = g / Sy
Pa'/ Pbi
xii. Shifts/ attendants = %2/ %
' Ta / Tb

6.4, The COEFFICIENTS OF LOCAT,IZATION : .
Represent other powerfu). tools for comparing the percentage
shares of a particular bencfit with the percentage shares for

12



some other basic aggregates for 2 or more settlements , in rela-
tion to the region they belong-to . Each could be made through
getting the percentage of summing the positive results got from
subtracting the percentage shares for one benefit from the per=
centage shares for another basic aggregate for 2 or more setile=
ments each with the region they belong to , This conld be repre-
sented mathematically as follows :

— Il

Cials.xl/2
100 0 ¢

Where 1 = 1,2,9000,11

Regions settlements ,

B : The percentage benefit of Bettlament to
. the region it belongs to .
3 : The other percentage benefit to the same
settlement in relation to the region . it
belongs to .

The complete balance occurs when tho coefficient equals to 26ro,

Henoe, the following could be obtained :
i , Area -~ citizens coefficient of localization ,

ii , Area ~ population at risk -l
iii , Area - attendants -
iv ., Area - facilities =l .

v . Area - doctors cffices -t .

vi . Area - ghifts per day e,
vii . Citizens - population at risk -
viii , Citizens - attendants e,
ix , Citizens - facilities -t .

x o, Citigens - doctors offices -l ..

xi ., Citizens - shifte per day -l .
xii . Population at risk - attendants L ele
xiii ., Population at risk - facilities - o
xiv ., Population at risk - doctors officies e .
xv ., Population at risk - shifts per day -l .
xvi o Attendants - facilities e .
xvii , Attendants - doctors offices -t o
xviii . Attendants - shifts per day —t- o

13



xix , Paciiities - doctors office coefficient of locélization;
XX , Pacilities - shiftg per day - A o
xxi , Doctors offices - shifts per day -l N

7. Making use of the previously suggested evaluating tools ,
SYSTEMATIC SCHEME FOR BVALUATION has been set ~by the author- to
facilitate the locational evaluation and comrarison between 2 or
more locational situations in one or more regions , The scheme
has been set as follows§ e )
Tels Comparing numbers of facilities, doctors officies,and “sotal
number of ghifts per day could be done , for the different loca-
tional situations , to see whether there are significant diffexr-
ences between them or not, '

" 7.2, Measuring the effeot of step "7.1." on the regions level by
the use-of time and distance averages .
7.3. Measuring the effect of step "7,1." on the 2 settlements,or
settlement~regions level by the use of location quotients , )
‘7.4, Measuring the effect of step "7.1." on the relation between
a region and its settlementé » by the use -of coefficients of
localizations,
7.5. Measuring the effect of step "7.l."on the settlements level
by the use of time and distance shares ,
7,6, Measuring the effect of step "7,l." on @
i,Area ~-in squ, kms- served by each facility .
ii,Numbers of citizens , population at risk , or attendants
served by each facility, doctors office , and duties per
day could be run at each facility .

8., The whole study could be considered as REAL INTRODUCTION
T0 HEALTH SERVICES LOCATION THEORY, as it has represented a sys-
temetic exposition to the locational pattern of health services,
factors influencing location decision and site selection, in ad-

-9 t self control —one sample- test could be used for measur-
ing the degree of significance of the differences ‘in steps 7.1 ,
Te2 s Tod y To5 yand 7. 6 . While t group control -2 sample- test
could be used for step T.3 »

14



dition to the establishment of two mathematical models for dis-
tributing health facilities geographically and about 60 new evale
nating techniques for health services , with a systematic scheme
for evaluation: . - : '

IV -~ PRACTICAL IMPORTANCE 3

‘ 1, This work, could ba considered as one of the early appli-
cable studiesg tried. to bring together with care the DIPFERSNT
ASPECTS OF HPALTH SERVICES LOCATION PROBLEM . | |

2. The TWO INVENTED NEW APPLICABLE LOCATIONAL MODELS ~put by
the author- would have a very great practical importance,as they
have been made as general as possible to be eanily applied any-

.. where, The first "SMSAHL mathematical model? could be effective-

1y used to get a highly good solution to problem of location in
developing countries, as it does not need complicated technigues
and could be run with or even without the aid of computers.While
highly capacitated computers are needed for the second model 1S
MIHL,1" for its high effeciency and ability to define an optimal
solution to the location cholce problen, A matter which would be
sultable for the more developed countries ., : -

3, The NEWLY SUGGESTED POWERFUL TOOLS TFOR THE TOCATIONAL
JVALUATION OF HEALTH SERVICES, could be of great use in practice
- anywhere - not only for the locational measurement'of what has
been done but also for the assignment of the best looational

case among many alternatives . ?his han been made possible after
sketching down the proposed scheme for locational evaluation.

4, The results got from applying the location evaluation te-~
chniques on one of the egyptian governorates -Damietta- would be
of great practical importance in ANSWERING THE LOCATIONAL QUES-
PION RAISED IN THE PRESENT 5 YEARS PLAN OF THE EGYPTIAN MINISTRY
o HEALTH,included the establishment and reorganization of about

40 General Health Ceniers .
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