PUBLISHED BY
school of Environmental Technology

Federal University of Technology,
P.M.B. 65 ana Ni ﬁer state, Nigeria.




f e el Trubeogy L Foemer amurnal
vgl 10 kel  June AOIH

A GIS-Based Multi-Criteria Assessment of
Health Facilities Distribution in Bukuru Town,
Plateau State, Nigeria

"Ohadugha, C. B., Alaghbe, E., Anozie, R. N. & Maikudi, M.
Depaniment of Urbas and Regional Planning, Federal Univensity of Technology. Minna

MCDA has heen intcgrated with GIS for effective decision making with wide -‘P}""“““"

racladeny partcrpatony dosign 1o develop (public ) health decision support systems, making good

decisson o healthcare, emvaronmenal health among several others. Hence, this rescarch applicd

mult cnens analyas in aswanng the dismbunon of kealth Salibes i Bukun 1ouwn. The study

sdopied Open Dags Kit (ODK) zpp in obeaining miormanon, quosboanare admunistration, and

hezlih fasilities inventory from (e Platcau State Ministry of Hlealth and Field Survey. Analyucal
Higrarchy Procea (AHP) was wed m the haalth location analyss and the critefia levels of
importance were weighied wing Sasfy's scale. Data on ihe location of heahth lacilities were
imporied g0 AroGLS for amalysis while data from questionnaires were analysed using
Mucronaft Eree| snd JASP. The analysis culminated in the peneration of a Cntenon map. The
study sevealed 19 bealth Ealines @ Bukur own compromg of (our Secondary and 15 Primary
Health Cemtres. 33.6% of the 10wl population of Dukuru fown sre underserved by health
facilities o the study srea. Some of the challenges facing the distribution of bealth facilities in
the srudly afica include low patroesge. poor access road, and location of the Geility. The sudy
cmcluded thar more hoilth cre facilines ecpecually SHC should be provided. The AHP
preference mamx proposes ozmrovemest on the tvpe of health facility in e study arca baned
oo accews o the faciliny. Forbermore, this infers that sdditional health centres should be
introdosed 10 cover for the shomape in arcas that lack health facilities in other 1o cmsure cven
dustribution of health facilities.

Keywards: Analyne Hierarchy Prosess, GIS, Health Facility, Location, Weight

Introductlon where lows regard is given 1o urban planning
CI“EI-HEII]- mﬂmmmu;mu! wilich is ovident in ihe uncontrolled amd
population growth and conlinucus migratiog ungurded spmwl of towns and cities withouwt
of peaple from rural io whan e (Sakeh, commensufiie provision of the community
Ahmad & Biswajes, 2013). Ii s covisaged facilities and  infrastructure  services
that before 2030 the world's population (Wapwera o1 al, 201 5),

would be 9.7 billion (U N Depanment of

Economus and Social Affairs, 201%) as a 'ﬂuﬁﬂf\lﬂﬂhlhﬂ#ﬂh:mfmwnlm
result of rapid urbanuzaton cxpenenced by  peculiar o Bubury, Plaicsy siaic. Faciliies in
these cities. The _mapid  whanizaion Buhuuwhﬂmunﬂhhwplunlng
::mumdtuu:nc_:uiuuﬂmmi slandards. Lack of maintenance, gver use and
lot of problems which rnge from poor  poor disinbution of these facilitics have led
ERspOrt sysiems, poor hoalth facilities ang hmﬁunﬂhmmmmmw
the lop-tidedness of public facilitics and  supply and SIutaion, poor  electncal
rlﬁtmnfunnlhmmwurﬂkhth&r wfsrsciure, ifadequate waspe disposal
insleguacies ‘Mamifests in the provailing techniques, poor schools, madequate wrafl;
mcln-m_mm poblemis s most ~yslems and povr distribution ufl:lhhi:t:
mmmmlmmm E-rﬂumh-ddmmmucmm,,
mofe pronounced in developing countnes mdxhhmmﬁhi;ﬂiﬁmm
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e the challenges of lop-sidednes
5 fpcilify dp..lT'}huuTm:_ hiﬁml and
2o0l4y;, Tex ar - (2014
Hr‘-ﬂp“'“""| snd McGimis (2015); Hw:n-:;
'I-imﬂ gearches developed and evaluated &
- theough which sccowability 1o healiy
facilites could be amsewned wiLhi

=t Im-. el

S— ,;,_T_.];;ﬂmn_-:-l hese Eahine has
w&'mﬂ“hmmmm
== potenmmls  of th:-_- EIVESTments
whch © why Muloomens Decision
(MCDA) was introduced by Jacei
{1999). MCDA, = a valmble

. It is defmed = & sub-dicpline of
decesic pesexorh that exphatly evahoies
P i Hicest-roaliin eorsan
e (both i daily life and in serungs such
55 businesa, land e planming, government
= | medicmc). Multi Criera Decision
Asalysis (MCDA) approach provides 2 guide
trough which policy malkers and other stake
bolders can cflccuvely sic bealth care
Beilitic with high level of scecssibliry
basex! on nectls while cmmdenmg the current

=

: { data o> well as a sdl of
m:hmﬁnsﬁﬂ'd?“”,mﬁ“
integrated with MCDA for effective deeist

making with widé applicanon m: m ich

the focation of new services (Fezzdch &
al, 2014; Malezewski & Liv, 2014; Singh &
al,, 2017); participatory design "“,,m"mhf
(public) health decision support Y=
(Malezewskd & Liu, 2014), deiceting o
;:ﬂmﬂhln n:;odh ; h]iﬂlll‘;r

15), making ision
(Huniok et al,, 2014), environmental bealth

among scveral others. Hence, this !
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= o effectively opply Sl oy
% ks
armlyin gp ecsing e dusbution of
bealth Bcilines i b e

ukuiy e

Alm and O

Jectiv |
T e of the Study

LR PIPET 15 aammod wi evilusling dwmngrog
of bealth care faciliines i Bk woan
= L]

MCTa lechnisues w0 discern areas (hat bk
adequate heabh  care aculitiess waith e

lallowing obyectves.

L Tordentily existing heslib faciliie

. To determine the custing sorvice
radnes of heahh [scilities
To ennfy [sctor influcncing
distrbution of health facilities
Towme MCDA lechnrques o solve
challenges facing distiibution of
bealth (acilities in Bukury 1own
Thus study doss oot mclude areas or e
regasding bealth of indiviiduals or
distbution of matenals needed in Use health
sccior nor doos if consist of phammacisi,
chemist, and mon-formal health senaces
such as tradibonal healers.

T

v

Conceptual Framework
Global  [ealth  Facllity  Policy
Development

In other 1o improve global capabilitics n
planning for bealih facilitics, the World
lealth Organization (WHO, 1992}
developed  guidelines  entithed "Dirm::
hosplials:  guldelines  For development
hn:mth:ymmbndlhnklmmlurr
will bring pew challonges regarding the
allocation of health facllities worldwide

==
0,000 :
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Errewnrrmenis| | SRRy L sl el
viel 10 Meel Jwrs 2008

level of prumary health Cane [aciliy eaist
serving populalions of 10 R0 310, 00K

Heslth Facility Policy Developmeni (s
Mipcria

[h.:-'l,p:l'l-l. a candizal obyective of the Fadaral
Government of Nigona was ko provide bealih
care facilithes ws & sick labor lorde camsol
improve Ghe Sconoiy al the country Do
mafier hiva dallsd (Sean-Emuakpor, 7010k

llealth faciies i Nigema haove been
characienrsd by sbhon ¥ plooonp usiag
the various National Developmem plam & i
the case with planming of sl mspecs of bic o
Nigena (oo «1 al, 20161 Alhough the
developmen plams appearad o have foaeed
aticrtion o irymg Lo umprove the Fumencl
sirenpih of oxotng cloes @it tan
evolving & clear bealth care policy

liealib Facilities Standard in Nigeria

There are threr (undamental levels of beald
care fcibue @ Mipo= Prmsry Health
Care (PHC), Sccondary Helih C=x (SHC)
and Teruary Health Cars (SHC). The PHC
serves as Jundamsental base health cors and
includes dispemary, clinc, soghboarhood
health cenire and matermuly bomes. Whole
SHC lacilives provide specuslusd scrvices
(dermstologuts, cardiolgist) =d mclude
community bealth contres and  bospaals
which provide emergency services, neonatal
care, comprehensive cmarpeoncy cbaanc,
gynaccologic sorvicss, poncral  medicioe,

iy THE siliue
£y Arad lasily

L~ ‘m};du:-.l conaulative  healthcare
“”::;: "r:':l' referral frofm  riEnary sl
::cmiln hual e for advanced modical
inveangation  and geatment  Eaamples
includs reg il hospitals,  specrals

hospitals and universly icachung hospitals.

jsiva Anslysds (MCDA)
:tt..p“rfmr:tﬂh: ml‘l:u.' Nawral Hesources
Leaderhip Instinste (2007). Multi-Cinieria
Decuson Analysis, of MCDA. 1 a valuable
ool that we can apply 0 many comples
e docpions and 15 Mol applicable io
solvaiig prosh e thal afe gharacienred ns a
choice amang alienatives. MCDA bas all the
charscicristics of a weful decivion suppan
ool which belps @ Jous ©On whai s
waporiant, logical, coassicnt, apd ey 1o
wse. 11 i a siep by wcp mem
with whaping and solving decivion and
plaming  problems involving  mliple
crileria

In MCDA. vanous ‘technigues could be
apphed m  haalth  R2ility  diinbution
including: Analytcal Hicrarchy  Proces
(AIIP), Weighted Sum Method [WSM),
Eliminstion and Choice Translabing Raality
(ELECTRE) cic. However, the AHP meihod
was used in this sudy because it ofTers a
sysiematic  apprach  for  pronitizing
aliematives when multiple criteria must be
considered in decivion making.

e i Masgr  Ares Level
_-u—E

" Dhapemmary T« 0=30 | _l.Em'-ﬂ

Mutomiry home T 500 = %00 2 8l c"%-hd

Norghheonsrte o PHC - iy

haalih conmr ) 1 0 Ml

Clhamic FieC M) — %00 I y )

Primary health conire~ PUIC 300 - | 000 3 2 0 ghbourtoan]

E_-;-lr bakh SHC IDD00-15000 3 =3 W_

Spachla hospind  THC 150,000 - 10 ﬂ: Drseract
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i-ﬂﬂ e=d swlyah by bagmng weghy o
p wclasd IwEon. wiile  comneo
L wilacncing ¢ exmtence of

, procodaT. =d A npacally losds 4
fa | [ lH_g ==Y HI:'I]{ [BR . 0.0 P

_ﬂmgnﬂm:\darnﬂ:ﬂhhm
Fﬂ_‘#“mlnd'}mdu:“
Mmmlmmmmm
peaith. [Hience. & COSRN Sippor onde] e
b developed 1o made pal=y melen m
mﬂ_ﬂﬂﬂﬂ.ﬂﬂﬂrmm‘m
coa (Yakudu ot @l 2017
|p e las o= yean et Ba becm

Materials and Methods

[rais Collectios

The dan requred (or e rescereh wn
ghigned  prnmanly e deegmed
uEALICTU AT admmeiees & Sk
(acilities using the ODE iCpes Dum K
app. The sampling lreme v e = of be
healih (aciliies got from e Fusss Sose
Ministry of Health and Ficld Sureey A oml
pumibser al 19 copues of §ussomssr worr
wsod for this rescarch lov e 15 lexith
facilities wdentified i U sudy sres Fach of
the queshionnaires comain e orikers | g
population, service radius, (ype of besil cars
tacility and nccexsibiliny) whach ware el =
make docisions using Abe  Auslytcsd
Hierarelly Proces (AHP) aad =
categonzed 1o show the level of umporaac
thﬁﬂﬁﬂ'ﬂlﬁl[ﬂ#h
hﬂhﬂiwmmmmh
weighted  according o thew lovel of
importance using Saary's scale.

— e T L [ S—
e
Nl e Cruenis e

} wrry

[ | -
" kg Pl Il s ik Sl iy

To schory e ST -

ek oy ko - s

o B
B aily men s
el -

e e d cluded il e -
e e, type of headth cary Gncilers s
umfh'lnl.rr!. Thew (noues sery schecand e

o 2 ocal rolc s LIy 10 ey
Asvbuton of healih, in e

Wetght Asmign men:
The ek of aach baciew wlemtificd &
o was  ddowuncd  eung AP
Sveloped by (Saany. 1950) The soowm were
on the relsuve weighn of pas-ayw
Companson rated bevween salés & |9 .
a1y wrale of weighl assignmend | Table 21 o
order ol mlatie (TIPS Pmary - wum
curnparvon mabnoes of te assignm] seghts
of the map temen slong aah e il
enures were then normalied o oblam e
Eigen vecior whch was then nan Murough o
Mailak Progmin oliain  ihe overall
F‘bﬁr"l s The e
reprosonis relative impofance of b Do bon
wngder sigdy

Funhennore, the comisengy imles (C1)
delined as the numsue ol consisismy v
doerminn] wsing Ue equation (1) (Saaty,
(LT TITT

Cl* Lmas =i fn = | (1
Whae n-number of (ator, Lmax <

comssioncy of Figen valuc

The copsstency muio (CH) was deicrmined
CR=Cl/ 1 . 1]
Whare C1 i e comsistency inden, R s the
eacdionn comsistency index defined by s vas

0.58 for o=) (Saaty, 1580)
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Mcilod of Dats Analysis

Data on the location of haalih [aSlilics were
imponed into ArcGIS by anmnging the
peographical  coorditgles  Of Mmool
Excel The file was saved as oMM
delimited 1o creale dol maps whowing the
bealth facilstics, e wards ih the audy anca.
type of health Lacility and servige mdius of
ihe [xcilines, Data from quesliofinalres were
amalysed usng Microsoft Excel and JASF 0
ot descrptive statislical Gupuls aach as
tables, charts and maps lor companabve
analvais of e imponam vanables o thow
the factons affecung the distnbygion of health
facilities in the snady arca.

Aller selectng cobema aod asmpmung weights
w each facor according © thet level of
umporiance, e procrated miormslion wis
preparcd and represented i the form of 8
Critenion map which models the preforences
of the decision maker concerning a parbcular
concep | Chalhar and Momseas 3015).

Hesulis
In identifyng the heakh facilies, i was
revealed that there are 19 health facilities in

) od that Bukury town has only
:'J"gli’"ﬁm and fiNcen (13) PLC
I.hrrr[-:rrl.'. the four SHC fcililies in the arca

serve only 60,000 people while the fificen
PIC facilities serves 15,000 peaple

manimally.

le 4 nfers that only 75,000 peaple oui of
r]J:I wal population  of Bukuru 1own
(112982) can be sorved by the clusung
faciliies. It implies thar 37,982 poople are
underserved by bealth Bcilings in the shudy
ares. Therefore, more health cafe facilines

should be provided.

Esisting Service Radius  of Iealih

Facilities

In examining the service radius of the health
failitics, il was ascemained according 10
Shankland Cox (1980) in his general ropart
on the Greaner Jox Master Plan of 1973 thai
the maximum distance w heahh faciliny ja
500m. Therefare, S00m buller was upplied 1o
each [cility wing ArcGIS and the outcome
B shovam in Figure 3,

Bukum iown as seen 0 Table 3.
Tl 32 Maine gl sorillmsies of sl LariBiies
W Sama of lgabik § miliiy Ward Ty Cuwtdinates
Laag L
T [T TE— Bk iy Coniral SHC  amddes 10HZR4 1
2 Aminc Clasic B st PliC 483101 13748
: ?:ﬂ-dl:in::ll-l-ﬂlr Gyl ﬁ 413131 1082354
sy Tl and Matormty Batrmd-Foacam g R8T 108246
3 Sl Clmac amed blmarmey Fatwgl Kamamg FMic ARRTI0 1082000
: E.':l'.ﬂ. Commpr et e Mol sy Coeryl £ic CELEST [[=EEETY
- e Dubun Esprow Gyel FliC A5a48 ([E ALY
- : ‘-"'"'n. f,; $ :E ARZL4) 10m3 | 4
b :ll‘l.' [Bubisns Cemiral Bhuloery Camiral FHEC FTLsrT] i
13 1';"&: Eﬁu“: ' Baferu Comml FliC anas 10 .EEI
14 Maivicw Sbwllmmg  PAIC AR J0s2862
15 lehem Clinic Bebury Bebo Comml.  prc SMeAS  jomese
13 Absisorim Cleue Piic AR5 ([ w T
(7 Liskon ks ._h“"'" ﬂ__“-' :11::: 485067 J0adON2
18 ABE445 08234
19 m Clinic Takum = C g =“'|'-'ﬂ:
e Gyl FHiC 483711 1082701
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Wl B0 Ml s DO

Fopaer 3 e of oy 5| s Dyl iy Beees

Frotibesms §aciag Heaith | aeilary
[histrilsntlon

Some of e challenges ey e
disaribution of health il = B =y
ares includes low peiromage poor sccos
mad, locason of be Lecdiny while oty
respondents  spocified oty speciic
challenges healih facilitees (aced = By

Mareover, the other problens spociLad by
the respondents ucluded, Leck of mdeyguss
medical equipment s, lach of susrenes. low
quality stall, poor elecmicin, poor referal

bom bospials, poor sallflog and leck of
Ermns preariabica

The Connisencies of the Identilled | sclam
uslng Analyvic erarchy Proges

Dased on ihis  ressarch, wrights wore
msgned 1o the fowr (4) [sclon o ordena
ket Med, popsalation, service rmdius, iy wl
bealih  care facility, accassibility.  Afier
calculating  theyy LORBISIETY  ralio,
comusency idea wnd nuening it ihirvsigh @
MATLAD program, wheur overall preference
=i wm obiaiined as presented in Table 5.

P
am
oY
low peroecgs  Poor strew  Locstos of G Oichaey,
=1 [T
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i, a B Bt MuB-LINere Aovepume s ol Flea il g r
*Ill.r""".'l-'"'"' iy i, Flalrag dlr b
WP ughia
o abe A2 (hvarall pretervmey matriy
- §pcimrs Pepulaies P T T i
e . H"“'“.__ rmr..:. = ot rvadieiliny Prisrily
Fujpulalizm LR ) 0 Wan __Il_"‘-—.____ o N W
spruiie Wasillig | () M T | IEam Hy -‘_u'r
T,P.-.:.:lllullh ] (L |-“l. :l“r- iy,
¥ cihiny AL B Y
werFusbalily | g VAT 2 s
Taiad 5 LN ¥ L) - i iy 15T %
— —e e | i
e

e overall preleTence many, Murther shows
ghat the bype of health facility has a hapher
pronty veclor than all the oter factons
;J|||_'ul.1l='='d- wihle ﬂfﬂ-‘\l?"plih has a
preference valuc than all ke other [aciam
Thocifore, e AHF preference  mairis
proposcs LTProvement oa the fvpe of lealth
facility in the study arca based on acces 1o
ihe Daciliry. Funbermore, this jnfers g
gddinonal bealth oomimess ghould  be
introduced 1o cover [of the shanage in areas
that lack health [xiliics in other 1o e
oven distnbution of haalth facilines.

Decision Suppart Model (Criterion Map)

According Lo Chakhear and Moy (2015),
in the spatial contcxl, evaluated crilena e
wsually associsted with geographical entities
and relauonships beiweoon entities, and can be
represenied in the form of & Cnlenon map
which models the preflerences of the decision
maker concerning o parucular concepl
Additonally, & cnicnon map FCPICSCTILE
subjecuve preferential infonmmation as seen in

Figure 4.

Funbermore, 1he entenon map sbows e

Mmosl probable arcas fir locating  healih

edines which is Clansilimd g8 Poop {Ied),
8 - 1 .

Fair (Yellow 1, b [ IGe) and Viery pood

LLareen )

Mrean slowing Red indicate s the area is
ool suiable for locating Mciliies and are
mainly waler bodies, (he sedaonal sireaun, 1k
ruil way hife and the rocky arcas Yellow
mMongs c prep con % RTIEREATER U] rllﬂFh_.-.'.“-."
facilities but tiese areas nre chameiensed by

podr masds, [rmiznds and linle ar no
selilements while Wlue means the prea is
swiable for locatng (acilives end s

clharmcterised by pood roads and sdegupie
uliliticy and services, and lasily, Green relfers
iy the hedy orens (or propasing healih
facilities in 1erms of sdeguate ulilities and
services, very oo rosds and good screnc
environments with less nodse and pollution
from moad wallic,

Figure 4

Decision Suppon Model (Crtenon mp)
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Planaing Propel

The recommendations cutlined mise spatlal
distribution straicgics that would Be fining 1o
increase moossilality and efficiency wyaards
improvang ihe healih moeds all the I::""'Q‘T’l't ol
Bukuri 1own, The shidy i» piojising W

and One sHC Eaciluy ia
[iwandang in pther 1o GOVEr the neods of tie

H“ME 'J-ul-l. “hll: Oine
I'EHI-TELII'_;::'IM;" and onc PHC f:cr!::;. were
propased for Bah ward as scen in Figure 6,

PHIC [Eciliees

i

L

|

S

e e T
-

Figure 6: Planning Proposal

Conclusion
The paper cxposes the deanh of healih
(acilities in the study ares as it can be inferred
that 33.6% of the population in the study ares
are underserved wath health fseilibes, The
rescarch concludes thot if the proposal is
implemented, wall reduce the travel time 1o
health cenirss outside Bukury fown and
faciliuite determination of different types of
health facilitics according 1o i
exsting conditons huduuﬂmmrm":
o defining the specific area of a
$ysiem (o the provision of bealth facilitics
will be given in the arca. Abo, policy
el Bl B gt ol e
n Bu
e sutsined. fowm will eqanlly
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