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Abstract
This paper shows how Geographical Information SystéGIS) can be used to support health planners

and demands on a micro-scale and explores thebildis of using GIS for health care services ospitals at
Saudi Arabia subareas. GIS has several usefulifurscaind tools that can be used in health planfiéhg, The
first part of this paper explains the issues tifitcha a local health care planning and monitorifigcatchment
area and facilities management. Each one of themee$ is covered using several GIS functions imnoiud
network analysis and spatial data analysis. Thergkpart defines GIS and its possible applicatiothe health
care field. In this section, the relevant GIS fiumes have also been explained. The third part isf paper
discusses the created and implemented a GIS atpficaodels, which is made for a local health azstre in
Makkahh region and Taif city in Saudi Arabia. Aletproduced models can be applied on any privapeillic
hospital in Makkahh region and Taif city. They danused to build a spatial decision making supgystem
for hospitals in Taif region and serves five lobahlth services neighborhoods named as Turabakhédma,
Rania, Zulam and Al-Moya. In this paper; the forrnseused to produce drive-time hospital serviceaaed the
route is applied at the selected hospital to cateuthe size of its served demand. Finally; in wisk, three sets
of GIS models have been produced. These are catttares; patient profile and patient distributiang patient
flow models. The results of GIS provided by the bamed different entities based on their common galgic
occurrence makes it a very valuable tool in epidéogical research, disease surveillance and mangoSome
recent applications of GIS include vector borneedses, water borne diseases, environmental headth a
modeling exposure to electromagnetic fields. Alsar, results suggest that GIS is highly relevaniniet the
demands of outbreak investigation and responserewpesompt location of cases, rapid communication of
information, and quick mapping of the epidemic’sdsnics are vital. In this work the former is usegtoduce
drive-time hospital service area and the routediad at the selected hospital to calculate the of its served
demand. It is recommended that more studies shmildone in this work; three sets of GIS models Hzaen
produced. These are catchment area patient pesfdepatient distribution and patient flow models, ®e think
that such output of creating and implementing a @t&lels are produced to help a local health planimetheir
health care decision making output.
Keywords: GIS; Health planners; network analysis; hospitateg demand; spatial data.

Introduction

Health Care Planning and GIS are two relevant di¢ghcht depend upon spatial data. Health caretiasilat any
region can be divided into two main types thatlarewn as primary health centers and hospitals. li@taf

health facilities, patient distribution and chagaidtics are examples of spatial data analysisatatdealt with
during local health planning. Local health planngse such data to monitor and evaluate healthcg=rvin local
areas. Such tasks can be better made using difféi&functions and models. Health authorities halveays

aimed to provide health care for all residents gisirfair access policy that is characterized asigireg the right
service at the right time in the right place [1hiF paper outlines the possibilities of using GiSacal health
planning. A review of GIS functions that are moe¢evant to health care system is covered. In aaeefine
more the usefulness of these functions, a localtthearvice centre in Taif city was selected. Tbétre is
selected as a case study to show how GIS candudphealth planners and support their decisianthis work,

three types of GIS models are created. These atersecatchment areas, demand profile, and pdiems. The

GIS technique that is used in this application banapplied to other local health centers in Tatly@ind by
doing so, more effective local health planning barachieved. Local health authorities such as nealters in
Saudi Arabia or GPs in the UK are the key playétsealth planning on a micro scale [2].

They carry out several functions together from toee of local health planning. These functions udel
monitoring of patient lists, monitoring of catchnaneas, assessment of health needs and faaditinesgement.
These functions can also be seen in the form dfealdist which include: (a) Where do their existipatients
come from (by age, sex and specialty), (b) Whathés Potential for increasing the workload by atirac
patients currently referred elsewhere, (¢) Whattheeimplications of proposed contracts on therfutability

of units and specialties within the organizatiomi@) Who are their main competitors [2, 8, 20kadtly, every



Control Theory and Informatics www.iiste.org
ISSN 2224-5774 (Paper) ISSN 2225-0492 (Online) l"'%rl
Vol.4, No.9, 2014 ||$ E

local health authority should always find answersiiese questions because by doing so, bettehhgahning
will surely be achieved. Spatial epidemiology i®uduer important subject that researchers and Ipleainers
investigate on the scale of health centers. Dejinine location of health incidences, and studyihg t
relationship between such incidences and the soding environment are all important issues in any
epidemiology study. In order to perform the aboasks, health centers usually collect and stogelaets of
data such as child immunization data, communicalieases, centers performance, socio-economic data,
physical environmental data etc.

All of these data have clear spatial referencess fieans that the use of Geographical Informatigste®ns
(GIS) is of great value to health planners. GI8 igery useful tool for handling spatial data siitdeas several
functions for capturing, editing, manipulating amddeling spatial data. The most important step rieefrsing
GIS is that such data must be geo-referencedjghtitey must have a known grid reference for doation of
the data. The following sections will discuss hogalth planners have applied GIS in handling theievant
data [21-25].

Health care planning in Saudi Arabia

Health care planning system in Saudi Arabia haemiht agencies that play important roles in primgchealth
care to residents. These agencies are The MirostHealth, The National Guard, The Ministry of De$e and
Aviation, and The Ministry of Interior [3]. In aditin to these agencies there are specialist hdspitséSaudi
Arabia that provide health care to specialist lealises. These agencies provide health care semitehe
basis of exclusive free health care to all citizelms addition, the private sector in Saudi Arabiays an
increasingly significant role in the Kingdom andocdinates with the referral network and the regubhat
requirements of health sector as a whole [4].

2 e g R
Eitetiog A1l [Eremti Tiese be=t Z| [ zl
Ede Eist Yimw Pochmaris Jhind- Seetan Toms Window Heip
O @ o & 8 + | o & @8 W

E 51 BiLEa
Egunftd@es FahoMial LR
s T
- 200
= Ry
B el sl 0
el
W e Baryl |
W Creen fidnc F
W T Ay 0
R N

gl s )
i~ I NI
]
W Her Bard ]
W el Bang_?
W Hiue: Band 2

O PP == ey
Grawen = & O=aelunm <] B gde Negde 4.
Fig. 1: Health care centers and Hospitals in SAunalbia Subareas

The Ministry of health in Saudi Arabia has seer tha primary objective of both the public and pt& health
sector is to improve the health conditions of #lzens through the provision of comprehensive prdive and
curative health services throughout the Kingdonthvparticular emphasis on equitable and efficiemnary
health care (ibid). In order to achieve this ohjextThe Ministry of Health have identified longre objectives

to be accomplished in the future including (a) ¢benpletion of all preventive and primary healthectacilities,
and the full implementation of the referral systéamthe optimal provision of preventive and curatikealth
services, (b) the development of a health inforamatsystem necessary for efficient, effective healtine
delivery, and (c) further development of nationaalth manpower through programmers which raise
productivity and improve performance, and whichvide the specialization needed to maintain a héglell of
health services [5]. Saudi Arabia is divided infeven health regions each is headed by a regiosalth
directorate. Most of the planning and decision-mgkbutput has been centralized in Riyadh, whichcénatal

of Saudi Arabia. However, regionalization has strtvith more authority being delegated to the negjio
directors [6]. The Ministry of Health provides alstd®5% of health services, 28% of the servicegavgided

by more than ten government agencies, and 18%eo$é¢hvices are provided by the private sectorHghalth
facilities in Saudi Arabia are growing every yeartérms of number of new health centers, additidmwesllth
supply, and more new public hospitals. Accordingh® Ministry of Health annual report, health cestéave
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increased from 1707 centers in 1993 to 1737 centerl998 and the number of hospitals also ineedom
174 in 1993 to 180 hospitals in 1998 [7]. There sets of standards that are produced in Saudi Arabi
evaluate and plan the location of health facilitisese indicate that every hospital should providebeds for
every 1000 persons with a catchment area of 4 m&kd, health centers, on the other hand, shoule se
catchment area of 2 — 4 km. These standards ang goibe tested by this study at the GIS applicasiection
[8, 20].
GIS and health care planning
The area of GIS and health care has risen to permmin the past 5 — 10 years with the recognttiah health
surveillance practices and health service allonatioeed to become more sensitive to the needsapfigoén
local geographic areas [8-9]. The collection, sjereand manipulation of geographic information have
undergone a revolution in recent years with theettjppment and wide spread availability of GIS sofeis
Today, many health care planners and officers emefit from education and training in the GIS fieldd this
will give them the chance of influencing the praggeof health surveillance, environmental healttessment
and the geographic allocation of health resour8ps [
The rapid adoption of GIS in the field of healtliecalanning is actually a result of the followirggues:
e The increasing availability of geo-coded healtredatt lead to having health
information systems.
e The availability of digital geographic data at nsicnd/or micro scale that has several GIS coverage
with enormous attribute data such as addressesusmdwnership, etc.
*  GIS software's such as ArcGIS produced by Envimal Systems Research Institute (ESRI) become
inexpensive and easier to use and runs on a vaagerof platforms e.g ,Unix, IBM, Windows.
* The availability of spatial analysis tools, as sefmsoftware modules or embedded is GIS.

XML Schema in Health Care System in Taif City
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Fig. 2: Health care

centers and Hospitals in Kh_urﬁlh't;ah and Raina ma;g '
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XML Instance Representation

<..>

<Area> poligon </Area> [1]

<subarea> poligon </subarea> [1]

<Hospitals> Integer </Hospitals> [1]

<Health Centrer> integer </Health Centrer> [1]
<Medical City >_text </Medical City > [1]
<Populations > text </Populations > [1]
<Distance from taif> integer </Distance from taji}
</..>

Schema Component Representation
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XML Instance Representation
<..>
<Makka Area> Makka </Makka Area> [1]
<Taif > Taif </Taif > [1]
<KHurm > Khurma </KHurm > [1]
<Turabah > Turba </Turabah > [1]
<Rania > Rania </Rania > [1]
<Zulam >_Zulam </Zulam > [1]
<Al Moyia > Moyiah </Al Moyia > [1]
</..>
Schema Component Representation

All of the above issues have encouraged many hegd@mizations to use GIS and benefit from itssaoid
functions. For example, the Center for Disease @br{CDC), the USA world’s premier disease tracking
organization, has used GIS for at least a decadtutty how disease spreads from place to placdaastlidy
how toxic substances affect people’s health [10]S (has continued to be used in public health for
epidemiological studies [11]. By tracking the sasof diseases and the movements of contagionsciagecan
respond more effectively to out breaks of diseasédbntifying at risk populations and targetingeintention
[12]. Public Health uses of GIS include trackingle¢hmmunizations, conducting health policy reséarand
establishing service areas and districts [13]. Vpdany health authorities have adopted informasigstems to
manage their tasks. These systems can be usedheitBIS to have a complete health information systeat
should contain the following elements [8]:

« Perceived health problems with incidence rates.

«  Environmental, socio-economic and other risk fagtarhich influence health, under

e Serviced, poor, inaccessible areas and other geligrand demographic factors.

e Population sub groups with specific health probleheslth needs and demand.

« Health services directed at health problems orfestors for all or part of the population.

e Health care inputs, e.g., staff, funds, capitabveses, medicines and equipment used etc.

* Health care outputs, e.g., number of client costaptoportion of population reached for particular

programmers and proportions of target populatiached.
* Health care outcomes, e.g., change in health stswsresult of intervention of health care program
[1].

GIS tools for health care planning and Methodology
Study area
Saudi Arabia is the most important country ie thiddle east and Arab region; because of theioeligreas in
side Saudi Arabia healthcares in the most factuat Governments can concentrate on giving sentediseir
populations. Makkah region the has a populatioakafut 6.391966 persons while Riyadh have aboutlB®3
persons. Numbers of hospitals health cares wasistied the see the affection with the number of jadipus.
Disease like blood pressure, and blood cancer ssudsed ,GIS Tool was applied using Esri ArcGIS 9.3
ArcCatelog 9.3 was used to build the Geodatabasgaafli Arabia Cities, subareas, high way streetgpm
streets in selecting this hospital. Figure 2 shdBeadatabase in a Multi-tiered Architecture [26-29]
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Fig. 3: Geodatabase in a Multi-tiered Architecture
These include accessibility to health demand daththe types of health services that are availablbis
hospital. In addition, all the planning issues theg dealt with at this hospital are relevant te tmaining
hospitals of Taif city. Number of hospitals, Heatthre system has a relations of numbers of Dochusses,

pharmacies and the number of beds in hospitalkeaMakkah hospitals are 147620 beds while number of

Doctors are 10474 doctors [3,5,7].

Table 1 illustrates Health Services per populaitin8audi Arabia Regions.

Populations Other Pharmacy Dental Doctors Beds Hospitals HealthCare
AREA No. Health Nurses No. No. Doctors No. Numbers No. No.
MAKKAH 6391965 12339.7 21594.48 1726.159 1150.669 10478.63 14762.04 42 735.1311098
AL GASIM 614093 1185.508 2074.639 165.8366 110.5478 1006.71 1418.229 17 70.62599195
GAZAN 587836 1134.819 | 1985.932 158.7459 | 105.8211 | 963.6656 | 1357.589 17 67.60621047
TABOOK 569797 1099.994 1924.99 153.8744 | 102.5737 | 934.0934 | 1315.928 11 65.53156987
HAIL 412758 796.8301 1394.453 111.4658 74.30387 676.6525 953.2517 11 47.4707303
RIYADTH 5631890 10872.37 19026.66 1520.899 1013.842 9232.607 13006.67 41 647.7159287
NAJRAN 329112 635.3514 | 1111.865 | 88.87713 | 59.24608 | 539.5279 | 760.0739 10 37.8507188
MADINATH 1476445 2850.28 4987.99 398.7159 265.7867 2420.402 3409.804 19 169.8039103
ASEER 879150 1697.201 | 2970.101 | 237.4156 | 158.2628 1441.23 2030.37 46 101.1098332
SHARGIA 2933327 5662.793 9909.889 792.1488 528.0517 | 4808.733 6774.427 38 337.3579068
Table 1 Health Services per populat|0n in Saudlb@a Reglons
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XML Instance Representation

<.>

<Area> _poligon </Area> [1]

<subarea> poligon </subarea> [1]

<Hospitals> Integer </Hospitals> [1]

<Health Centrer> integer </Health Centrer> [1]
<Medical City > text </Medical City > [1]
<Populations > text </Populations > [1]
<Distance from taif> integer </Distance from taif>

<[.>
Schema Component Representation .
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Flg 5: GIS Map of Talf and Turabah cities.

Using GIS for local health services centre

GIS is considered as a useful tool for health ptasin defining how well patients are served byltheservices

and anticipate demand for such services. The aithisfpart is to discuss a GIS application credbech local

health centre called Taif health services centr€adt City. This application is designed to actaaspatial data

decision support tool for health planners and effic Figure 3 illustrates the process flow of isgtion point

from patient Arrival to Health Services Centre. fist, the issues which are relevant to the cestfedalth

planning were defined. These are (a) drawing oet ¢hntre’s catchment area, (b) Identifying the iapat
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variation of diseases and (c) modeling the flowpafients to the health centre. The data base Tétestiep in
building any GIS application is to assure thatrdguired data is available at some sources eitheecords in
tables or/and as digital GIS files. In the casetho$ application, digital health data was not aflié and
therefore, a new GIS database was built basedeoodltected paper format data.
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Fig.7: The Process Flow of registration pointirpatient Arrival to Health Services Centre
Three main GIS coverages were digitized and cagtustng GIS software (ArcGIS) and the geodatatbase.
These are road network that shows all types ofs@athe selected area, parcel map showing landreab, and
a neighborhood coverage showing the health searie& boundaries. Each one of these digital covdragalso
several attributes such as road types, land usgsjlgtion size and characteristics and epidemioldapa for
diabetic, blood pressure, and asthma patientsofAthe collected data have been digitized and gavemiform
reference in ArcGlIS. Figure 6 show The geodatadgers in ArcCatelog Platform.
Especial Study region
Taif is the popular city of Saudi Arabia peopletjaed on the western region of Saudi Arabia nide city has
a population of over 1.1 million people that rers 9% of the total population in Saudi Arabia][There are
two main types of health facilities at this cityhdy are called public and private health faciliti#he former
covers health centers and hospitals owned by thasiy of Health. There are 50 health centers ankrs
hospitals at Taif and neighborhoods cities. Theg provided by the Ministry of Health and by other
governmental authorities including the Ministrydnor and the National Guard [11]. The second ntgpe of
health facilities in Taif is referred to the prigahealth organizations. They provide 12 hospitalh & total
capacity of 2416 beds and also provide 151 cliatadifferent parts of the city [11]. Table 2: ilitetes the health
services per population in Taif City.
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Serial No. Facts Per populations

1 Health care clinics centers 151

2 Number of beds in hospitals 2416

3 Number of doctors 610

4 Number of Dental Doctors 555

5 Number of Pharmacies 2703

6 Number of Nurses 1296

7 Number of Health care's jobs 5518

8 Number of health centers 50

9 Number of general hospitals 7

Table 2: Health Services per population in TaifyCit

CITY TAIF |[TURABAH MOYIA KHURMA ZULAM RANYAI
TAIF 0 147 180 215 180 350
TURABAH 147 0 250 90 190 240
MQOYIA 180 250 0 140 50 290
KHURMA 215 90 140 0 100 150
ZULAM 230 190 50 100 0 250
RANIA 350 240 290 150 340 0
Table 3: Distances between cities around al THf ci
Table 4: Hospitals date of open and general inftiona
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XML Instance Representation

<.>

<Taif> Taif-Health Service </Taif> [1]

<Taraba> Taraba-Health Service </Taraba> [1]
<Khurma>_Khurma-Health Service </Khurma> [1]
<Rania>_Rania-Health Service </Rania> [1]
<Zulam> Zulam-Health Service </Zulam> [1]

<Al Moya> Al Moya-Health Service </Al Moya> [1]
</..>

Schema Component Representation
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BT Area

Type palicon

T

g subarea

Twpe poligon

T

018 Hospitals IiEI

Twpe | Integer
018 Health Centrer

Tvpe |ni‘eger

]

018 Medical City
Type | text

08 Populations
wpe texct

T

BTS Distance from taif
Twrpe

i

integer

XML Instance Representation

<..>

<Area> poligon </Area> [1]

<subarea> poligon </subarea> [1]
<Hospitals> Integer </Hospitals> [1]

<Health Centrer> integer </Health Centrer> [1]
<Medical City > text </Medical City > [1]
<Populations > text </Populations > [1]
<Distance from taif> integer </Distance from tajt}
</..>

Schema Component Representation

[ES] Taraba H-C-C —{7Bi

XML Instance Representation
<.>

T}rp:& wmedistring

08 2. = alias 55 .

Type | x=distring

D'I:S I poetett s 35

Typs- xsdistring

OTH 4 = 555 o 55 5

Type | x=sdistiring

BE 5 s s ooea 5504
Typ:& xzdistring

D—[S e e o

Type | ==dsiring

B0 7o Sl pas 35

Type- xsdistring

078 8- Atadl s 55 4

Type | x=dstring

< 1-4 5 e S > xsdistring </ 145 osaa S 0> [1]

< 2-350laa S 0> xsdistring </ 23 sMalusca S pe> [1]

< 3-zall sua S 0> xsd:istring </ 3z sdall ava S > [1]

< 4- gl 5 S aaa S > xsdistring </ -l 5 S aa S > [1]
< 5- &y e[ aea S > xsd:istring </ 5-4% salleaea S > [1]

< 6- Cball ava K 5e> xsdistring </ 6-cubsall aaa S 5e> [1]

13
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< 7- ) aa S > xsdistring </ 7-4aWl) aa K e> [1]
< 8- dlall aa S je> xsd:String </ 8-4ddall e K 5e> [1]
</l.>

Schema Component Representation

| Hhuma@ O1g Area IiEI

T)q::-é policon

2 subarea ia

Type  poligon

U1 Hospitals liEl

T:..rpé Integ=ar

— B g Health CentrerliEl

TEe | Integer

{2 Medical City ﬁa

Ty'pé fest

- T8 Populations IiEI

Type lext

{OTE Distance from tﬂiﬂiﬂ

Ty'pé ntegar

HKhurma H-C-C ﬂ-j-@ EHE Ge ot e 35 5

Tf,.rpe ==dstring

_D‘[g o _:__E__,J' ‘___-...a_:-..’n.__p-
Twvpe x&d:s'tring

_EI-[E 3o A Lesews G5 e
Type | w=dstring

] EI-EE A Sl ocas 3 e
TvE xsd:si_rh'l.g

L {EBE 5 5. a0 o 5= 40

?E,I'pE x=dstring

= D-[g B-  Asasal s R
Twpe  xsdstring

_D‘[g T-

Tf,.rpe ==d=tring

_D‘[g 8-

Twpe @x=ds 'Lring

XML Instance Representation

<.>

<Al oaa 38 > xsdistring <G Al aaa S e> [1]

< 2- &l aa S je> xsdistring </ 2-al ) o S > [1]
< 3- B8l a8 > xsdistring </ 3-8l aaa S 0> [1]
< 4- wlaill aua S 0> xsdistring </ 4-aibaill aaa S 5> [1]
< 5- Gl oaa S > xsdistring </ 5-Gi Al oaa S > [1]
< 6- el oaua K > xsdistring </ 6-4wee Al e S je> [1]
< 7- > xsd:string </ 7- > [1]

< 8- > xsd:string </ 8- > [1]

</..>

Schema Component Representation

14
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“gaea &

Ty pe pofigon

08 subarea ﬁa

Type | policon

— 813 Hospi'lalsliﬂ

Ty pe | integer

- 815 Health Centrerliﬂ

Twrp = integer

| 012 Medical City iﬁ

Type | taxt

- B8 Populations ﬁEl

Type | text

 B15 Distance from taifliEl

Twpe | integer

e se=ocdrstring

[E=] Rania H-E-Cd—j—@ﬂﬂ‘[g 1] A e 35

D‘[E P R =
e n&i:l"ETring

E'—Eg s e e L 3 R e
Twpe | xsdistring

EI-[E B = LR e R T
Type xs»i:l"ETring

ﬂﬂ-[g S Al gl s 55

Twpe =i string

ﬂﬂtg 6o slamai WAl oacen 55 |

Type xs»i:l"ETring-

== |

Twpe =g string

o= 8

e mad-etrin =] |

XML Instance Representation

<.>

< 1-45) a8 > xsdistring </ 145 sea S 0> [1]

< 2- caall ava 38 > xsdistring </ 2-casall aua S 0> [1]

< 3- GV A ) e K ye> xsdistring </ 3-8 A ) e K e [1]
< 4- Y aa K > xsd:string </ 4-gleY) oaa S > [1]

< 5- Agll oaa S > xsd:string </ 5-4b sl aa K > [1]

< 6- sbandl Sl aa K > xsdistring </ 6-slaanll Al aa K 5> [1]
</..>

Schema Component Representation

Rania-Health Service b2 Rania Hospitals
Type | Ranis G-H

&[gRania Health Care Centers
Ty'pe RanigH-0-C

XML Instance Representation

<.>

<Rania Hospitals> Rania G-H </Rania Hospitals> [1]

<Rania Health Care Centers> Rania H-C-C </Ranidthl€&are Centers> [1]
</l.>

Schema Component Representation

15
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[0 muvt=am (B O7D Are= ﬁa

T e Eoeloasrs

— D—Eg sl re=
Earre colog o

B 1 Hospitals

EE == mteager

e He o ik CE“I‘.I‘EI‘%

TH e e iNnteaoser

B R S == et

| B2 pledical Citw ﬁg

- S Populasticons
TERr e et

L B8 ist=memncse Fraoarms &= if %EI

R S=— mtecger

[ES zutam H-CC "B {715 1- - e 5= -

Type | xsdisiring

—D—EE Zo St e 5
T;.-p-E s =tring

BT 3. Aasldl ebie oo 32 5
Ty pe | xsdisiring

_D‘EE . £

Type | ==d string

_E‘EE Lais

Type | xsdisiring

_D‘EE B-

T;.-p-E s =tring

| T -

Wpe | xsdistring

a

|| 8-
y-p-E == =tring

|Iu|am-HeaIlh Service é—(_ ”‘[glulam Hospitals
= Type | Zulam G-H

012 Zulam Health Care Centers
Type | Zulam H-C-C

|

XML Instance Representation
<.>

<Zulam Hospitals> Zulam G-H </Zulam Hospitals> [1]

<Zulam Health Care Centers> Zulam H-C-C </ZulamItte@are Centers> [1]
;/(;.H:ma Component Representation

XML Instance Representation

<..>

< 1- Ak aa S > xsdistring </ 1-alh s 5S> [1]

< 2- Ylgay a8 > xsdistring </ 2-0) s o K > [1]

< 3- Aol eBle a8 > xsdistring </ 3-40U eSle aaa 38 0> [1]

</..>

Schema Component Representation
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ST

| M{}]riﬂh$|—® 078 Area ?El

XML Instance Representation

<..>

Ty e polgon

H 8 subarea
Twpe | polipon

oo Hmpitalsﬁa

Type Inteoc=r

BT Health Centrerliﬁ

Tg-.—-p-E integer

— 0T Medical City
Ty e teot

08 Populations ?EI

Twpe | text

| B78 Distance from taifliEl

Ty e intecsr

< 1-Lsall oaa S je> xsd:string </ 1hisall oaa S 5> [1]

< 2- psd ol o S 50> xsdistring </ 2-psall ol gaaa S e> [1]

< 3- cand i e K > xsdiString </ 3-caid jie s K > [1]

< 4- S [ aa S > xsAiString </ 44ES i S o> [1]

< 5- Ul m oaa S > xsd:istring </ 5-0) e s S > [1]

< 6- 2wl Ay sall aua > xsd:StrNg </ 6-23all 4 gall aua Y > [1]

< 7- > xsd:string </ 7- > [1]
< 8- > xsd:string </ 8- > [1]
</..>

Schema Component Representation

[Ef Moya HC-C {18,

OTE 1. el s 35
Ty'pﬁ 'xsd:atrinl_:,

HE 2= agdlal s 385
Type | xsd:string

IO 3. —asd s
Ty'pﬁ 'xsd:atrinl_:,

Twvpe | xsd-string

O 5. Sl s 35 0
Ty'prE &= d:siring

BE 6 ssadt gl am 5l

Twpe | xsd-string
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ST

XML Instance Representation
<.>
<Area> poligon </Area> [1]

<subarea> poligon </subarea> [1]
<Hospitals> Integer </Hospitals> [1]

<Health Centrer> integer </Health Centrer> [1]

<Medical City > text </Medical City > [1]
<Populations > text </Populations > [1]

<Distance from taif> integer </Distance from taji}

</..>
Schema Component Representation

[BE Tair v c c & THE

XML Instance Representation

El—[g i i )
Twpe | x<sdistring

BT 2 A4S =0 Lo 52 -
Tarpe sl S tring

ﬂ [ = T W T

Twpe | xsdistring

1'3‘[54—5-14; —— 5= e

Twpe | msdd o string

O1H S-Z.5 £33 comes 55.0m
Tyrpe | wsol cbecirmal

ﬂn—tgs_ B mall doee g g 35 e

Tarppe | s =trina

OO 7ol crme 55
Ty pe | Talf-Hosprals

D—Eggj,hb‘:.sl G e
Tywpe | xsd =tring

Orgo. Ate it a5
Twpe | xed decimal

D—[g M- FaTwsdt e lme Sl | omem 5= e
Torpe s = tring

1'3"[3 P S T W TR

Twpe | xsdistring

O7E 142 fmsmad slagodl cuslSe rm—= 35 -
T oSt String

ﬂ‘[ﬁ M- =SS o e 35 -
s e siring

E::1I === B _?_‘-.-a;).
Tarpe | xsdd string

BT 15- el pemea 55,

T e | sdostring

D‘[g MG - ARl | omcen 35 s
Twpe | s string

=3 S-S ——rT _.___1_,=._;,5_,._.|

Type | <sdistring

D—EE AEB- T ot i S —mes S
Twrpe | xsd =tring

BT 19 Sl (5 -5 gemaa 55
Ty pe | edistring

Tarpe oSl SIring

1!}[5 20 Apedt Loy i 2 e

Og 24 ee=u 38 e S= e
Type | sdistring

D‘ES i SR e e e}
Twpe | s string

B 23- —aimd oo 55 e

Ty pe | xsaostring

TS 24 et co—meo 3<-

Tarpe | = string

1'31:3 25 ol coeae 3% e

Twpe | <sdistring

OO 26 tagd go——= 5% 5-
Twpe | xsd =tring

BT 27 5 —mal= oo 3= -

Tyvpe | <sdistring

OO 28 'S &5 03 == 5= e
Twrpe s String
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<>

<1- 43l aa K > xsd:istring </14edall oaa K > [1]

<248 8l ava K > xsd:istring </Zd 3l s S > [1]

<3-Gaall aa K o> xsd:String </338s aa S > [1]

<4350 Aa R > xsdiString </4pese a S > [1]

<55l o S e> xsd:decimal </Frs sls e S > [1]

<6- Al Jan g aa S > xsd:istring </6aadl g aa K > [1]

<T7- J&s o>a S > Taif-Hospitals </7-led (o> S > [1]

<8- il aua S > xsd:istring </84:kill aa S > [1]

<9-ddadll aa K > xsd:decimal </9idadll aa K 5> [1]

< 10-3ledll elagdl) aa K 3> xsd:string </ 104ledll elagdl) aa K o> [1]
< 11- dnsial) elaglll aa S > xsd:istring </ 114w siall elagdll aa S > [1]
< 12- dngiall elagdll gia oaaa 38 50> xsd:iString </ 124w siall elagdll Gisia aua S > [1]
< 13-aic g aa S > xsd:string </ 13w cog (aa S > [1]

< 14- @338 aaa S 5> xsdistring </ 140l B S oaaa S > [1]

< 15-slia gl aua X > xsd:istring </ 15« sl a8 o> [1]

< 16- 4l aa K > xsdistring </ 16-48all aa S o> [1]

< 17- Al (oaa 38 50> xsd:string </ 17- o) aa S ye> [1]

< 18- 4sall e aa K> xsd:istring </ 18-4asall ce (oaa S > [1]

< 19- Ll 38 aaa S e> xsdistring </ 1940l 3 S aaa S e> [1]

< 20-45al by aa S e> xsd:string </ 2045l bw s aa S 0> [1]

< 21- Sl Juddl saa 38 pe> xsdistring </ 21- Sl dall aa S 5> [1]

< 22- yeall Jud) aa S > xsd:istring </ 22-pall Jall aa S 50> [1]

< 23-ahaall aa S 5> xsdistring </ 23«aball aa S > [1]

< 24- dids o~ K> xsdistring </ 24-dida aa S > [1]

< 25 el aa X > xsdistring </ 25 Waall aa K > [1]

< 2613l a8 5e> xsd:istring </ 263 xS 0> [1]

< 27 Gsh o>a S > xsdistring </ 2ish o>a S e> [1]

< 28 12glb A5 aa S > xsd:istring </ 2812l 48N aa S > [1]

</..>
E T G

_E'[gé...__,a..a:' ol A,

Typé x=d: string

I BT i) | A

Type | xsd.siring

_EI-[E'.;—.“I A=
- -t

Twpe  x=ddecimnal

5] Taif M-HE5 5 OTE gl dato ;@IPT

Type-: string

_D'[E __.;JL.JJ' JLE.L.. _J._l.awhri..u-.‘.l
Type | string

—D-[E__;HFJPH‘;'P

Type- xad:string

_D-[g___.;_.s_;u-__.h‘,:*_,i.:a.._.

Type | x=d.decimal

XML Instance Representation
<.>

< Dl ye dlldl 8d5ue> KLA-H </ Joall e @llal adiies> 1]
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<dea dld) Gadiae> K F-H </Juas dlldl idiue> [1]
<A yaall Gl ¥ Adiue> xsdistring <hoyall gal ) adiue> [1]
<JUkY) Adiue> xsdistring <fliby! caitiees [1]
<Apudil) daall Sdiue> xsd:decimal Ghudil) iaiall adiue> 1]
< lagdl Aaluall &l g8l Ldte> string </1aell daluall &l @l 4t [1]
< 8l Gl juaY) hude> string </s Swadl Glabu ¥ Auiie> [1]
< Saall  paia pa¥) k> XsdiStriNgG <s Sl ) saia el Adiwe> [1]
<@ Suall Cla ) Ladinse> xsd:decimal <6 Sl sl Ladiues [1]
</..>
Schema Component Representation
[G5] Taif Health Service _@‘E—DIST&" Governmant Hmphalsjﬁ

Type | Taif GH

H E"[STaii Gevernment Health Care Centers
Type TalfH-CL

H T3 Taif Military Hospitals
Type | TaifR-H

4 I:"[STaif Private Hospirals and Health Care Centers
Type Talf P-H

XML Instance Representation

<.>

<Taif Governmant Hospitals> Taif G-H </Taif Goverant Hospitals> [1]

<Taif Gevernment Health Care Centers> Taif H-C-Taif/ Gevernment Health Care Centers> [1]

<Taif Military Hospitals> Taif M-H </Taif MilitaryHospitals> [1]

<Taif Private Hospirals and Health Care Centersif H-dd </Taif Private Hospirals and Health Care @®es>
(1]

</..>

[ES] Taif P-H (7B |75 o o

?E,rpe string

—D‘[g;,.....;.dl__,.i..:.:....-_.

Ty e éTring

N R e—

?E,rpe =distring

S sE RN ——
Tyvpe | xsdostring

_D-[gs_.....ﬂ"._,.i..:-_..n

?E,rpe ==didaecimal

| D‘[Eé...ﬂ.....:.._.t o) b Sias e
Ty e AEd:Ei:ring

— FTE arladl i e

?E,rpe =esdodaecirmal

= T RE T S
Twepe xsddecimal

— BTG s e
2 e

Type | w=distring

_D-[gé.:.:.m- 35

Twpe ==sddecimal

L BE cr=et 2al= 55 e

?E,rpe =didaecirmal

XML Instance Representation

<.>

<OmY) Adiue> String <fme¥) Adiee> [1]

<l GaS5ae> string <fresl) At [1]

< sell aiwe> xsdistring <4 sl sadiee> [1]
<hagill LAdiue> xsd:istring <Gbagll Adiue> [1]
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<) Adie> xsd:decimal <)) idiue> [1]
<Al sl chile aeae> xsd:string el sl Glibe aeae> [1]
<Ry paae> xsd:decimal <hbl sy s> [1]
<uadai¥) aaae> xsd:decimal <dai¥) gane> [1]
<ppw pane> XSA:SHING <hiw pane> [1]
<Al S > xsd:decimal <t S > [1]
<l sl S > xsd:decimal <laoall sl K > [1]
</..>
Schema Component Representation

Both private and public health authorities &ced with different planning issues that carhaedled with
GIS techniques. These issues include definingphéad location of health demand and identifyingliie access
and service areas. In order to discuss the poteiaising GIS with health care facility planniimggeneral and
with hospital facility planning in particular, theresented study has selected one major privateitabsmd
applies GIS on it. A number of factors were congden selecting this hospital. These include asibdity to
health demand data and the types of health serthe¢sre available at this hospital. In additialhthe planning
issues that are dealt with at this hospital areveait to the remaining hospitals of Taif city. Thisspital has a
capacity of 200 beds and 95 doctors working atediffit departments including family medicine, gyhegp
and pediatric department. It is located at themoftthe city but expected to serve most partsitgfdistricts.
Figure 5 show the content of Saudi Arabia Subadeas by XML Stylus Studio Editor.
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|Aaudia ArabiaType P O Taif ?EI
< Twpe | Faif Health Servicses
| == orcdaerCrate Tyope =asd-date J
BT Madina
Twpe | Taif Health Service=
BT Riyadh
e Riyadh Health Services
o718 Aser
Twpe | Asoer Health Services
D‘[g Al Shargiya
e = Al Shargivae Health Serwvices

B8 H=il

Twpe | Haill Health Services

B71E Al Gasim
T e Al Gasim Healh Services

078 Al Shamaliya

Twpes | Al Shamalis Health Services
07 dazan

Twpe dJazan Health Services

078 Nagran

T = rMagra N Health Serwvices
g Tabook

Twpe Tabook Health Services

0T Makka

Twpe | Makka Health Services

Fig. 9: The content of Saudi Arabia Subareas dgméNdL Stylus Studio Editor.

Research issues and analysis techniques

GIS has several techniques and functions that earsed for health service planning. Each one atlienctions
can be applied on different health related issBes.example, the issue of health accessibility mamodeled in
GIS using simple functions such as buffer functmmusing spatial data analytical functions suchspatial

analysis technique. This study has selected thigerrhospital planning issues and uses GIS foryaimad these
issues. The first issue is related to defining thedémand location. GIS has different tools that ba used for
defining any location on the map. One of thesestélalled on-screen digitizing which is used lxy presented
study to capture and define health demand locatioraif city. Figure 6 show Taif hospitals and lleaervices
centers neighborhoods.

. b wae

b O O 8 BEE T B i i SR .

i

—'—--'I'-'..'..': i ”' | T b I s i

Figure 6: Taif Hospitals and Health center as XMhagdgpam
Taif Health Servies XML Code
<xsd:complexType name="Taif Health Services">
<xsd:sequence>
<xsd:element name="Taif" type="Taif-Health Sea//>
<xsd:element name="Taraba" type="Taraba-Headtvie"/>
<xsd:element name="Khurma" type="Khurma-Heakn&e"/>
<xsd:element name="Rania" type="Rania-Healtlviget/>
<xsd:element name="Zulam" type="Zulam-Healthv@=z"/>

22



Control Theory and Informatics www.iiste.org
ISSN 2224-5774 (Paper) ISSN 2225-0492 (Online) l"'%rl
Vol.4, No.9, 2014 ||$ E

<xsd:element name="Al Moya" type="Al Moya-Heaflervice"/>

</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="Taif-Health Service">

<xsd:sequence>

<xsd:element name="Taif Hospitals" type="TaiH3>

<xsd:element name="Taif Health Care Centersétypaif H-C-C"/>

</xsd:sequence>

</xsd:complexType> <xsd:complexType name="Taif G:H"

<xsd:sequence>

<xsd:element name=zhiiue dldl xe 3 520" type="K.A-H"/>

<xsd:element nameziiu dlll Juad" type="K.F-H"/>

<xsd:element nameziiu. pal ¥ 4 )aall" type="xsd:string"/>

<xsd:element nameziiuw JulY)" type="xsd:string"/>

<xsd:element nameziiu Aaall Lwdill" type="xsd:decimal"/>

</xsd:sequence>
</xsd:complexType>

ArcGIS software is used by the presented studyefme all hospital demands location. These data are

collected on city districts level. Therefore, Gl®verage is digitized at the Arcmap application, akhis one of
the main ArcGIS applications, using polygon-drawiagls that are located at the editor menu. Afteating the
required city district polygons in ArcGIS softwathe following step was to enter the collectedilattes about
hospital demand. These include number of patiergs, sex and hospital utilization types (emergesicycs
patients, specialized and general clinics patiemd admitted patients). All of these data are lihke the
demand coverage and used for the second issudsofpiplication which is related to the classifioatiof
hospital demand. Figure 7 show a Taif Hospitals @l health service in turabah neighborhood ceate
XML diagram and health service centers as XML code.
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Figure 7 Taif Hospitals and local health servicgurbah neighborhood centers as Xilagram
Turbah Hospitals and Main Health Services as XMtleco
<xsd:sequence>

<xsd:element name="Taraba Hospitals" type="Tar@kH"/>
<xsd:element name="Traba Health Care Centepg=tyTaraba H-C-C"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="Taraba G-H">
<xsd:sequence>
<xsd:element name=zhiiue &, i 221" type="Taraba-H-DET"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="Taraba-H-DET">
<xsd:sequence>
<xsd:element name=" Date :1422" type="xsd:st¥ing
<xsd:element name=" Teleph:028221555" type="stsiddy"/>
<xsd:element name=" Fax:028221683 " type="xsdt/>
<xsd:element name=" Manag#iu\al[1x 3« )<l " type="xsd:string"/>
<xsd:element name=" Ownék: 3[ 15 i>all" type="xsd:string"/>
<xsd:element name="

Turba Health Care Centers as XML code
<xsd:complexType name="Taraba H-C-C">
<xsd:sequence>
<xsd:element name=" 1S » [ % " type="xsd:string"/>
<xsd:element name=" 25 » 3 =1l a[1" type="xsd:string"/>
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<xsd:element name=" 35 x > z Mal" type="xsd:string"/>
<xsd:element name=" 45 » = s S g " type="xsd:string"/>
<xsd:element name=" 58 »» >a J=[14 % " type="xsd:string"/>
<xsd:element name=" 65 s 2= b=l " type="xsd:string"/>
<xsd:element name=" 75 »» = 42l " type="xsd:string"/>
<xsd:element name=" 88 »» ;> 4.l " type="xsd:string"/>
</xsd:sequence>
</xsd:complexType>

|EF] Taif Health Services ¢,_@ o7 Taif

Type | Taif-Heaalth S—eruri-:;eé‘ﬂ
U5 Taraba

Type | Taraba-Health Service
— B8 Khurma

T:,rp-ﬂ Khurma-Health Service
U8 Rania

Type | Rania-Health Service
— B8 Zulam

TF-F:E Fulam-Health Service
B8 Al Moya

Tywpe | Al Moya-Health Service
Figure 8: The Turbah Health Care services Centefaif City and neighborhood centers

The third main issue of the presented applicatoreiated to defining hospital service area. Téssi¢ is covered
using two main GIS techniques which are networlysigand overlay analysis. Network analysis is ohéhe
ArcGIS modules that facilitates the modeling oftsgdanetworks and can be used to determine theieffi paths
and travel sequences. This module is used in thsepted study for determining and calculating dtine to
hospitals at Taif city. In general, a network isyatem of interconnected linear features througtthvhesources
are transported or communication is achieved. Tévork data model is an abstract representatiothef
components and characteristics of real world ndtwgstems [12].
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The implementation of the system

The information was edited into the geodatabasautiir the Map Editor in the ArcMap 9.3 plat formllikg the
data from the tables of Subareas populations asgditads , ....etc, the data of the length and nanfiedreets
was entered from the table of Distances betweéascih both layers of High way streets and Majae&ts,
Using the tools of Editing in the ArcMap tools bar.

The selection functions

ArcMap have selection tools by attributers anddmation see the following figures

The Selection by attributes
The selection tools by some attribute functionwiim to select the database management systems

function as shown in the following figures:
e Select from Subarea Layer Where populationNunt&000
e Select from Subarea Layer Where NumberOfHospitalsl50
Selection by locations
Selecting features from layers such as:
* Intersect
» Contains
*  Are within
e Completely contain
«  Are completely within
* Areidentical to
e Touch the boundary
e Share a line segment with
e The feature in layer name

Example:.
Select from High way street, Cities Layers aréhimisubarea layan the following figures, that shows those

areas having cities and high ways.
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SubArea_Name populationN blod_canse diabets
Al Gasim 614,093 159 664 122 819
Al Riyadh 5,254 560 146,429 112,637
Al Shargiya 903,597 762 666 586,665
Makkah 1,675,360

Final Reports
The key to produce successful network models isumderstanding the relationship between the

characteristics of physical network systems and¢ipeesentation of those characteristics by thmetds of the
network model [12]. Each network coverage is forméith several elements such as links, nods, stoggwns.
These elements are used together to perform thereelgGIS functions. Therefore, before using anyetivork
analysis functions it is necessary that all uskoail understand the process of these elementmake sure that
the parameters of these elements are satisfied.oDtige important elements that need to be covéefdre
calculating network travel time is called the limkpedance. It refers to the cost associated wihetising an
entire network link.
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Figure 10: Subarea of Saudi Arabia

The presented study has calculated travel timedcoh arc based on the average driving speed asmigagc and
based on the arc length. The resulted cost is saseh arc attribute and used during the processeating

drive-time service area of the selected hospitaé $econd main GIS analytical technique that isl wgéhin the

hospital service area issue is called overlay @malyfhis technique is used at different studied fam many

purposes [13-15]. Overlay analysis manipulatediapedata organized in different layers to createnbmed

spatial features according to logical conditioncifped in Boolean Algebra [16]. The logical conditis are

specified with operands (data elements) and opsrételationships among data elements). The mobltused

overall functions are called union, intersect adentity. This study has used the intersect functmmnalyze
health demand which falls inside the created diilve hospital service area. This overlay functiosates a new
output coverage that has only city districts ttaisfinside hospital service area. There are sepetantial uses
for overlay analysis functions. One of these uselated to defining health demand of a selectedice area
and which is covered by the presented study. Hdadiitities in general and hospitals in particuae faced with
different challenges related to their locationgittmarket service areas and their demand stahis.part of the
paper presents a GIS application that is createdrfe private hospital at Taif city. The applicatis designed to
be as a spatial decision support system for heldthand of the selected hospital. There are sestrdies that
cover public hospital demand including [8]. UsingSGn health care planning studies is well acknalgkd by

the western European researchers and it is use@ifimus health care issues at the developed dgesntr
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However, in Saudi Arabia this technology is stk wery well explored by health authorities and
researchers. Therefore, the created applicatioviges a good example for explaining how to use Bt$ealth
planners and officers in Saudi Arabia and/or in ather developing country. This application is ddesed as a
new GIS-based system that covers private hosptakhd in Taif city. The created application covbree
main demand related issues which are spatial loigtoin of health demand, types and classes ofthdalnand
and accessibility of hospital location betweeresitin Saudi Arabia. Table 4 illustrates the impartistances
between Cites in Saudi Arabia to determine thetstgpriocation for patients health care servicageses.

CITY | JEDDAH | MAKKA | MADINAH | RYADH | DAMAM | TAIF | ABHA | TABOOK | QASIM | HAIL | GEZAN | NAGRAN
JEDAH 0 79 420 949 | 1343 | 167 | 625 | 1024 | se3 | 77| 1O 905
MAKKA 79 0 358 870 1265 | 88 | 627 | 1037 | 876 | '° | ©8° 912
MADINAH | 420 358 0 848 1343 | 446 | 985 679 sig | 482 | 10 1200
RYADH 949 870 848 0 305 | 782 | 1084 | 1304 | 330 | %40 | 1272 950
DAMAM 1343 | 1265 1343 395 0 1177 | 1495 | 1729 725 | 1035 | 1667 | 1345
TAIF 167 88 446 762 1177 | o | se1 | 1204 | 936 | 7| 783 864
ABHA 625 627 985 1064 | 1459 | 561 | 0O 1649 | 1488 | 1402 | 202 250
TABOOK | 1024 | 1037 679 1304 | 1729 | 1204 | 1649 0 or4 | 564 | 1722 | 1929
QASIM 863 876 518 330 725 | 936 | 1488 | o974 o | 30| e | 1280
HAIL 777 790 432 640 1035 | 957 | 1402 | 664 ora | O | W5 | 150
GEZAN 710 685 1043 1272 | 1667 | 763 | 202 | 1722 | 1se1 | *4°| O 482
NAGRAN | 905 905 1270 950 1345 | 864 | 280 | 1920 | 1280 | PO | 482 0

& Sl

Table 4: The important distances between CitesirdBSArabia
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Figure 12: Saudi Arabia Subareas layout locatignsding ArcGIS platform
Distribution of hospital demand
Almost every hospital has a database about itdiegipatient and saves such data in different Marnsmt
Information Systems (MIS). These systems are usediriding needed information about patient number
recording file and for reviewing the medical histaf every patient. One of the main limitations MfS is
related to the lack of their spatial presentatibthese data. Health administrators are used t& with MIS but
are still not very well aware about the importanéeising Spatial Information Systems (SIS) withithmatients
data. This result is found at Taif city. Many hbafthanagers who were interviewed during the stagdatd
collection did not realize the benefits of usingSGdr SIS at their organizations [25-28]. Accordingihe
presented study has created a GIS applicatiorcéimabe used as a guide for identifying some obtheefits that
health planners will gain from using GIS at the#alih organizations. One of the main issues reltiduealth
demand is regarding defining its location withe tcity. There are several methods that can beinsgts for
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identifying location of any feature. For exampleGES function called Geocoding can be used to erpatints
features on a map from a table having x, y cootdmaf any addresses.
On-screen digitizing is another GIS function tham de used for data entry purposes. It uses diffelaw tools
such as point, line and polygon tools for identifyifeature location. The presented study has usedrtethod
(On-Screen digitizing) for the purpose of identifyi hospital demand location. Based on the collecizta,
hospital demand is aggregated into city distrieteel. Therefore, GIS coverage is created for shgwigation
of every city district and then the attributes datdealth demand are entered as records in therage table.
After building the database of health demand, #v Btep was to use GIS for identifying spatiatribsition of
patients. This step is achieved using the graduedéat function that subdivides numerical data iatset of
classes. There are five main methods for clasgifyiumerical data in GIS. These are natural breaks
classification, defined interval classification,uadj interval classification, quintile classificaticand standard
deviation classification [17].
Transportation Networks layers

High way layers geodatabase consists of :

e Object, shape length , shape area,

e Street name, Street Length and street type

Major Street layers geodatabase consists of :bjedd, shape length , shape area, From the Stiagtss
distances and streets name can be found to halping to the nearest hospital or health centergpédients
High Way streets , Major Street and normal layers.

The Subarea Layer

The Subarea layer is the layer that contain thehttdth care information's field discussed in th@qy , the
calculations was taken from the table 5: producgdtbe Reference . Each subarea have layer nsimape
length, shape-Area, Population-Number, number epitals, number of health care centers, numbereofsBn-
Hospital,,Number-of-Doctors,Number-of-urses,NumbEBentals-Doctors and number of pharmacies. Each
one of these classification methods can be apmiedealth demand data for grouping and subdividiata
purposes. The presented study has used the nbhteeds method that minimizes the variance withasgland
maximizes the variance between classes [18]. Fample, the general and specialized clinic patientig is
related to those patients that use this hospitagpecific health treatment. Meanwhile, the hospita patient
group is referred to patients who were admitted Health care treatment in the same hospital. Onthef
benefits of using GIS with health data is relatedt$ ability of showing more than one attributeadan one
view. This tool is known as multiple data classifion method that lets the user to use two rengeosice on a
feature layer [18]. It is also called the bi-uniquadue render in the Arcinfo object model.
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Figure 13: This Chart; show the numbers of holpitaeach subarea

Graph of SubArea numbers of beds in Hospitals
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Figure 13: This Chart; show the numbers of bed®gpitals in each subarea
The compression between the healthcares centers
By using the statics tools in ArcMap compassioasvMeen Number of hospitals , number of healthceeasers
and other health factors was done :
1-Building the graph of the number hospitals in tliéerent subarea was done shown in figure 13nttis
figure; the former founds that Al Riyadh and Assities are having the most number of hospitalKimmgdom
of Saudi Arabia. While Hial, Aljof and Sharkia asshave the lowest number of hospital.
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2-Another comparison graph was build between numbébeds in hospital in the subareas as showigimef
14.
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Figure 14: Shows the numbers of doctors greater #1800 and >3000

Statistical Tools

By sing the statistical tools in ArcMap compassitmesween Number of Doctors , number of dental dscto
,nurses, and pharmacies as shown:

1-Building of Statistical of the number Doctors government hospitals in the different subarea dase
shown in figure 14. The former founds that Al RiigdAsser Al Gasim, and Al-Madinah are having mibragt
1000 doctors in governments hospitals.
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Figure 15: shows the numbers of Nurses greater*z000 in government Hospitals

2- Comparison of numbers of nurses was greater th&000 in government Hospitals build between the
subareas as shown in figure 15.

Comparisons of Diseases Spreads on subareas

1- Comparison of statistical was build between nerabof patient of blood censer

, as shown in figure 16.
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Figure 16: Shows the patient of blood cancer greater than> 500000
2-Comparison of Blood Sugar patients numbers obthmareas as shown in figure 17.
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Figure 17: Shows the patient of blood Sugar areatgr than > 100000 person
Selection Transportations layers by locations
Selection according to the specific distance
The former Select the Subarea Layer Streegth from layers of Highway Streets where,e&titength
less than < 50 KLM (KiloMeters). This Selectionhigghest way street between the Cities layers awishin
figure 18.
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Figure 18: Shows the Major Street < 150 kimsiire of Taif Area map
Selection of the nearest distance to the city
For a patient to find the distances and the nedoeat health service, this system can be helpeshagn as
figure 19.
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Figure 19: Shows the Major and High way Streeide Jaif Area Map
Special Selection in Taif Area and neighborhoods tiés
1- Comparisions to find mostallest Major street to reach a Taif city from a locaalh services
neighborhoods cities named; Trubha, Rania and Kawsing select by major locations tools.
2- Select the shortest distance of the Major streel Taif city for patient at neighborhoods citigsch as
named, Turabah, Rnia and Khurma even from BiasltbAdrBaha health care services as show in

figure 20. )
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Figure 20: Shows the major location with neighbad®cities within 1000 kim
Because of difficulties in having these rates atiero-scale in Taif city and neighborhoods citigs study has
used the data about hospitalized patients as ax iftd health status in Taif. Ideally hospitalizedes for any
area should be based on all hospitals located mitte city. However, due to difficulties in havitlyjs data for
all hospitals (public and private) in Taif the euted data of the selected hospital are used asamnple for
defining hospitalization rates in Taif and neighimsds cities.

DISCUSSION
This work shows how Geographical Information Syst€f@lS) can be used to support health planners

and demands on a micro-scale and explores thebildges of using GIS for health care services ospitals at
Saudi Arabia subareas. GIS has several usefulifurscind tools that can be used in health planfiéhd. The
present study has been covered these issues loy@smfor Makkah Area especially for Taif healtmte and
neighborhoods cities. GIS is used to analyseseh&e catchment as well as studying the spatial daalysis of
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some diseases such as of blood cancer and bloed suditness patients. The presented study hasileddd
travel time for each arc based on the averagemdyigpeed along each arc and based on the arc Iéfggh
resulted cost is saved as an arc attribute and digexdg the process of creating drive-time sendcea of the
selected hospital.

The main goal of GIS analytical technique thatsgsdiwithin the hospital service area issue is dalle
overlay analysis. It is observed that the resulifighis application are very useful for healthmpiars and
demands on a micro-scale and explore the posbilitf using GIS for health care services in haspiat Saudi
Arabia subareas; because they evaluate the levadrofce provision at the selected area. Anotheasidge is
found that the existing health supply of Saudi AmaBubareas comparison was done for health canétiast
and the relation between populations and geograplieas, and transportation criteria was takeinetp
reaching to neighborhood health care services.

Finally, the same technique can be applied at therdhealth centers of other Saudi Arabia subareas,
and by doing so health care planning and demandiagld be more effective in Taif City and other
neighborhoods cities named; Turabah, Al Khurmaa#ylAl-Moya and Rania.

CONCLUSION AND RECOMMENDATION
Health care planning is a challenging field thgpateds on spatial data such as location and chasiice
of health centre demand. Today, health plannerg Isaveral tasks to cover to assure that healtlicesrare
provided at the best location. Epidemiology anceasibilities are two important issues in local trealanning.
The main features of the proposed a GIS techniquieldbe summarized as follows.

(a) The GIS technique has been used effectively withan hospital service area issue is called overlay
analysis.
(b) The results of the GIS technique were very uskfuhealth planners and demands on a micro-scale

and explore the possibilities of using GIS for tiealare services in hospitals at Saudi Arabia sdsar
Because they evaluate the level of service proviaidhe selected area.

(c) It is found that the existing health supply of 8aArabia Subareas comparison was done for health
care activities and the relation between populatiand geographical areas, transportation criteag w
taken to help reaching to neighborhood health sareices.

(d) The same technique can be applied at the othethheahters of other Saudi Arabia subareas, and by
doing so health care planning and demanding woddmwore effective in Taif City and other
neighborhoods cities named; Turabah, Al Khurmaa#ylAl-Moya and Rania.

(e) GIS has been used to analyses the centre catclamemell as studying the spatial data analysis of
some popular diseases such as of blood cancerl@od $ugar or fithess patients in Taif City antdest
neighborhoods cities.

For future work, we intended to test our GISmore cities in KSA. Also, we think that such outtjd
creating and implementing our GIS models are vetgviant to help a local health planner in theirlthesare
decision making output. cities named; Turabah, Alina, Zulam, Al-Moya and Rania.
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