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Abstract

This paper shows how Geographical Infornmafystems (GIS) can be used to support health ptarand
demands on a micro-scale and explores the posigibibf using GIS for health care services in hadpiat
Saudi Arabia subareas. GIS has several usefulifursceind tools that can be used in health planfiéhg, The
first part of this paper explains the issues tigca a local health care planning and monitoriigc@chment
area and facilities management. Each one of thesees$ is covered using several GIS functions imufud
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 czstre 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 #sk, three sets
of GIS models have been produced. These are catttares; patient profile and patient distributiang patient
flows models. So, the output of creating and immeting a GIS models are produced to help a localtine
planners in their health care decision making autpu

Keywords: GIS; Health planners; network analysis; hospigaved demand; spatial data
1. 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. limtaf
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 healthce=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 gigirfair 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. Tbéstre 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 catchmamneas, assessment of health needs and faciiteagement.
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 organizatiom@) Who are their main competitors [2, 8, 20].

Ideally, every local health authority should alwdiysl answers to these questions because by doingedter
health planning will surely be achieved. Spatidtemiology is another important subject that reslears and
local planners investigate on the scale of headtitars. Defining the location of health inciden@es] studying

the relationship between such incidences and thewuding environment are all important issues my a
epidemiology study. In order to perform the aboagks, health centers usually collect and stogelaets of
data such as child immunization data, communicaliteases, centers performance, socio-economic data,
physical environmental data etc.
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All of these data have clear spatial referencess Tiieans 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 amdbdeling spatial data. The most important step rieefsing
GIS is that such data must be geo-referencedjghtitey must have a known grid reference for tdwation of
the data. The following sections will discuss hogalth planners have applied GIS in handling theievant
data [21-25].
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Fig. 1: Health care centers and Hospitals in SAualbia Subareas
1.1 Health care planning in Saudi Arabia

Health care planning system in Saudi Arabia haemdiht agencies that play important roles in primgchealth
care to residents. These agencies are The Miro$tHealth, The National Guard, The Ministry of De$e and
Aviation, and The Ministry of Interior [3]. In adilin to these agencies there are specialist hdspitsSaudi
Arabia that provide health care to specialist lealises. These agencies provide health care semitéhe
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 regublat
requirements of health sector as a whole [4].

The Ministry of health in Saudi Arabia has seert tha primary objective of both the public and pta health
sector is to improve the health conditions of #@lkens through the provision of comprehensive pragive and
curative health services throughout the Kingdonthvparticular emphasis on equitable and efficiemtnary
health care (ibid). In order to achieve this objextThe Ministry of Health have identified longre objectives

to be accomplished in the future including (a) ¢tbenpletion of all preventive and primary healthecacilities,
and the full implementation of the referral systéanthe optimal provision of preventive and curatilrealth
services, (b) the development of a health inforamatsystem necessary for efficient, effective healbine
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 into eleven health regieash is headed by a regional health directoratest idbthe
planning and decision-making output has been diddhin Riyadh, which the capital of Saudi Arabia.
However, regionalization has started with more arith being delegated to the regional directors [Bhe
Ministry of Health provides almost 65% of healthngees, 28% of the services are provided by moe tten
government agencies, and 18% of the services aredad by the private sector [5]. Health facilitiesSaudi
Arabia are growing every year in terms of numben®#/ health centers, additional health supply, mode new
public hospitals. According to the Ministry of Healannual report, health centers have increased 707
centers in 1993 to 1737 centers in 1998 and timber of hospitals also increased from 174 in 1@9380
hospitals in 1998 [7]. There are sets of stand#nds are produced in Saudi Arabia to evaluate dad the
location of health facilities. These indicate tleatry hospital should provide 2.5 beds for ever§QLpersons
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with a catchment area of 4 — 8 km and, health centa the other hand, should serve a catchmeatddr2 — 4
km. These standards are going to be tested bty at the GIS application section [8, 20].

1.2 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 allooatineed to become more sensitive to the needsapfigoén
local geographic areas [8-9]. The collection, sfereand manipulation of geographic information have
undergone a revolution in recent years with theettgpment and wide spread availability of GIS sofeia
Today, many health care planners and officers emefit from education and training in the GIS fialad this
will give them the chance of influencing the praggeof health surveillance, environmental healttesssent
and the geographic allocation of health resour8ps [

The rapid adoption of GIS in the field of healtlecalanning is actually a result of the followirsgues:
* The increasing availability of geo-coded healtradatt lead to having health information systems.

« The availability of digital geographic data at nsicnd/or micro scale that has several GIS coverage
with enormous attribute data such as addressesismdwnership, etc.

e GIS software's such as ArcGIS produced by Envimsal Systems Research Institute (ESRI) become
inexpensive and easier to use and runs on a vaaegerof platforms e.g ,Unix, IBM, Windows.

e The availability of spatial analysis tools, as sepasoftware modules or embedded is GIS.
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Fig. 2: Health care centers and Hospitals in Khurfiaubah and Raina map
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XML Instance Representation

<.>

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

<Health Centrersnteger</Health Centrer> [1]
<Medical City >text </Medical City > [1]
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<Populations ext </Populations > [1]
<Distance from taifsnteger</Distance from taif> [1]

</..>

Schema Component Representation

Makka Health adminmations[’ﬁ-{%- 12 Makka Aread
Type | Makka

S

H 03 Zulam @

Type | Zulam

M2 Al Moyia
Typa | Woysh

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 heaffanizations to use GIS and benefit from its canhd
functions. For example, the Center for Disease @br{CDC), the USA world’s premier disease tracking
organization, has used GIS for at least a decadéutty how disease spreads from place to placdmstudy
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 trackingladhmmunizations, conducting health policy resémarand
establishing service areas and districts [13]. Vodany 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

*  Serviced, poor, inaccessible areas and other ggloigrand demographic factors.

« Population sub groups with specific health problehneslth needs and demand.

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

10
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* Health care inputs, e.g., staff, funds, capitabueses, medicines and equipment used etc.

* Health care outputs, e.g., number of client costaptoportion of population reached for particular
programmers and proportions of target populati@ached.

e Health care outcomes, e.g., change in health stawsresult of intervention of health care program
[1].

2. GIS tools for health care planning and Methodology

2.1.Study area

Saudi Arabia is the most important country ia thiddle east and Arab region; because of theioeligreas in
side Saudi Arabia healthcares in the most factwas Governments can concentrate on giving servicéiseir
populations. Makkah region the has a populatioalmfut 6.391966 persons while Riyadh have aboutl8%3
persons. Numbers of hospitals health cares wasislied the see the affection with the number of jatipuas.
Disease like blood pressure, and blood cancerdsudsed ,GIS Tool was applied using Esri ArcGIS 9.3
ArcCatelog 9.3 was used to build the Geodatabas®aafli Arabia Cities, subareas, high way streetgom
streets in selecting this hospital. Figure 2 shd@eadatabase in a Multi-tiered Architecture [26-29]

Geodatabase in a Multi-tiered Architecture

L quewes
Database Management Services

5. Pepcaraing

T Etinviiily

+Transaction blasspanai

Fig. 3: Geodatabase in a Multi-tiered Architecture

These include accessibility to health demand dath the types of health services that are availabléhis
hospital. In addition, all the planning issues the¢ dealt with at this hospital are relevant te tamaining
hospitals of Taif city. Number of hospitals, Heatthre system has a relations of numbers of DocMusses,
pharmacies and the number of beds in hospitalkeaMakkah hospitals are 147620 beds while number of
Doctors are 10474 doctors [3,5,7]. Table 1 illustseHealth Services per population in Saudi Ar&@gions.

Populations | Other Nurses Pharmacy | Dental Doctors Beds Hospitals HealthCare
AREA No. Health 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
MADINAT
H 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 population in Saudibda Regions
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Fig. 4: Health care centers and Hospitals in TAifMoyia, khurma and turabah
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XML Instance Representation

<..>

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

<Health Centrerinteger</Health Centrer> [1]
<Medical City >text </Medical City > [1]
<Populations ext </Populations > [1]
<Distance from taifinteger</Distance from taif>

</.>
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Schema Component Representation

e I I

Fig. 5: GIS Map of Taif and Turabah cities.

2.2 Using GIS for local health services centre

GIS is considered as a useful tool for health ptasiin defining how well patients are served byltheservices
and anticipate demand for such services. The aithisfpart is to discuss a GIS application credteda local
health centre called Taif health services centréadit City. This application is designed to actaaspatial data
decision support tool for health planners and effic Figure 3 illustrates the process flow of is&gtion 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
variation of diseases and (c) modeling the flowpafients to the health centre. The data base Tétestiep in
building any GIS application is to assure thatriguired data is available at some sources eitheecords in
tables or/and as digital GIS files. In the casetto$ application, digital health data was not el and
therefore, a new GIS database was built basedeoodltected paper format data.

13
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Fig. 6: The geodatabse layers in ArcCatelog Platfo
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Fig.7: The Process Flow of registration pointirpatient Arrival to Health Services Centre
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Three main GIS coverages were digitized and captustng 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 usgsilgtion size and characteristics and epidemioldapa for
diabetic, blood pressure, and asthma patientsofAthe collected data have been digitized and gavemiform
reference in ArcGIS. Figure 6 show The geodatadgers in ArcCatelog Platform.
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2.3. Especial Study region

Taif is the popular city of Saudi Arabia pesmlsituated on the western region of Saudi Arataip. The city
has a population of over 1.1 million people tharesents 9% of the total population in Saudi Ardib@. There
are two main types of health facilities at thig/cithey are called public and private health fdeti. The former
covers health centers and hospitals owned by thasiMy of Health. There are 50 health centers sk
hospitals at Taif and neighborhoods cities. Theg provided by the Ministry of Health and by other
governmental authorities including the Ministrydribr and the National Guard [11]. The second nigire of
health facilities in Taif is referred to the prigeahealth organizations. They provide 12 hospitatb & total
capacity of 2416 beds and also provide 151 cliatadifferent parts of the city [11]. Table 2 illtstes the health
services per population in Taif City.

14
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Serial No.

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
MOYIA 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 T#&if ci

15
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Fig. 8: Taif Hospitals and Health Centers.
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0 Taif %

Type | Taif-Health Service

08 Taraba T

Type | Taraba-Health Service

Tvpe | Khurma-Health Service

072 Khurma %

0% Rania %

Type  Rania-Health Service

02 Zulam ?

Tvpe | Zulam-Health Service

078 Al Moya ?

Type Al Moya-Health Service

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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XML Schema Documentation

Truba — U0 Area

Type poligon

Oif subarea
Twpe pobgon

S Hospitals

Type Integer

|

':"[g Health Centrer
Type | integer

o

Of Medical City
Type text

- I8 Populations El‘E

Type  text

n‘@ Distance from taifg
Type | integer

XML Instance Representation

<..>

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

<Health Centrersnteger</Health Centrer> [1]
<Medical City >text </Medical City > [1]
<Populations ext </Populations > [1]

<Distance from taifsnteger</Distance from taif> [1]

</..>
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Type xsdstrng
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XML Instance Representation

<.>

< 1405 o S > xsastring </ 14055 oaa K o> [1]

< 2-3 Malliaa S je> xsdstring </ 2-8 sMalbaa S 5> [1]

< 3-z iall caa K 5e> xsdstring </ 3z sdall aua S 56> [1]

< 4- oyl 5 S aaa S pe> xsSASHNG </ 4- g2l S oaaa S 50> [1]
< B Ly 2l aa S > xsastring </ 5- &k 2l gaaa S 5> [1]
< B- Ol awa S > xsAString </ 6- Gl s S e [1]

< 7- i) aua S > xsdstring </ 7- Rl s S 56> [1]

< 8- dlall aa S ye> xsString </ 8- Addall aa K 5e> [1]

</.>

Schema Component Representation

23



Control Theory and Informatics

ISSN 2224-5774 (Paper) ISSN 2225-0492 (Online)

Vol.4, No.5, 2014

www.iiste.org

IISTE

Khurma &

i Area

Type  poligon

S subarea
Type | poligon

H 18 Hospitals (3
Tvpe | Integer

S Health Cenl‘.rerliﬂ

Type | integer

BTE Medical City
Type text

0§ Populations
Type | taxt

e

A Distance from taif
Type | integer

[EE Khurma H-C-C{Be

Type xsdstring

D 2. = s 8 m
Type | xsdstring

B8 3. i an 2 m
Type xs=dstring

U'[EJ_ hRatl i 35

Type  xsdsiring

PR 5- Al ma
Type xsd:string

BE 6 dvest s 350
Type xsd:string

oG T-

Type xsd:string

g 8-

Type | xsd:string

XML Instance Representation

<..>

<ia Al aa S pe> xsdaString <Aeoall s K> [1]
< 2- @)l aa S > xsdstring </ 2- gl aa K > [1]

< 3- B8l a8 > xsdString </ 3- LS a8 > [1]

< 4- laill aa S > xsdstring </ 4- <ilbaill aa S > [1]

< 5- Gl s S > xsdstring </ 5- Gl oaa S > [1]

< 6- Letdll aa S pa> xSASHNG </ 6- 4t ) aa S > [1]

< 7->xsdstring </ 7- > [1]
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< 8- >xsdstring </ 8- > [1]

</.>

Schema Component Representation

Eﬁ-nania ?—| JE_,_\'L': 4

"‘{g Area

Type polgon

ni_g subarea
Type

poligon

I:I!_E Hospitals
Type  Integer

OE Health Eentrer?a

Type integer

ME Medical City

Type  taxt

“TE Populations f

Tvipa  taxt

5] Rania H-C-C

OMF Distance from taif
Typa | integer

I]-[g 1- =y e s

Type | asd:siring

_u'[g 7. huaadl o
Type  xsdstring

AR 3 A A s
Type  xsd:siring

g 4- el e
Type  xsd:siring

AR 5 A e

Type  xsd.siring

TS 6 it il s
Type xsd:siring

g T

Type | xsd-siring

e

Type | xsd:sfring

XML Instance Representation

<..>

< 1-4n, > N> @String </ 145, (= K> [1]

< 2- Gamall aa S 5> xsdstring </ 2- cusall aaa S > [1]

< 3- Y A ) aaa K ye> xsAStriNg </ 3- 38V &) e K e [1]
< 4- V) aa K > xsdstring </ 4- gzl aa S > [1]

< 5- A gall aia S e xsstring </ 5- sl e K 5e> [1]
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< 6- sbanll Hlall aa S je> xsdstring </ 6- sbandl Jlall aaa 38 > [1]

</..>

Schema Component Representation

55| Rania-Health Service

Tvpe | Rania G-H

2 Rania Hnspitalsiﬂ

D'[E Rania Health Care Centers
Type | Rania H-C-C

XML Instance Representation

<...>

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

<Rania Health Care CenterRania H-C-C</Rania Health Care Centers> [1]

</..>

Schema Component Representation

Tvpe | poligon

0 subarea
Type | poligon

0TS Hospitals
Type | Integer

IS Health Centrerﬁﬂ

Tyvpe | integer

072 Medical City ia

Type | text

0TS Populations Q‘El

Type | text

0TS Distance from taif
Tvpe | integer
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[ zutam H-C€ 5Bt {P 1- == = - |

Type xsdsirng

1

U8 2. ol pmem B
Type xsdsirng

._D'|3 i P B e s B
Type  xedeirng

e

Type xsdsiring

e

Type  xsd:siring

oS 6.

Type xsd:siring

T

Type xsdsirng

g 8

Type xsd:strng

5] Zulam Health Service l%_l—t%— OE Zulam Hu:spitalsiﬂ
Type | ZubmG-H

T2 Zulam Health Care Centersd
Tyne | ZubmH-LL '

1

T

[

[

XML Instance Representation

<...>

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

<Zulam Health Care CentergZellam H-C-C</Zulam Health Care Centers> [1]
</..>

Schema Component Representation

XML Instance Representation

<...>

< 1- alb aa S e> xsdstring </ 1- alb s S > [1]

< 2- Ui pma S pe> xsdstring </ 2- O s e S 30> [1]

< 3- ol eBle a8 > xsdstring </ 3- Lo eSle a8 0> [1]
<l.>

Schema Component Representation
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|.Mnyiuh ?—]‘E,ﬁ I':I-Lg Area

Type poligon

u'[gsubaraa 2|
Type | poligon

2 Hospltals L‘h

Type | Integer

- n]_g Health Centrer
Type | integer

B2 Medical City l!la

Typa | text

2 Populations i—ilﬂ

Type= | bt

B G Distance from taif
Typs | nteger

[EMoya HCC (B 1- o e i

Type | ®ed siring

HOTE 2- agtl &) et 38
Type | xed: string

_ﬂ'[g i S SCE S T
Type | xad:string

—D'[S e Y P
Type | xsd:string

HIE 5. o s 2
Type | xsdi slring

HIE 6. ssat Lt ass gl e
Type | xzd:siring

._.[I-LE i-
Type | xsd:string

Lo 8-

Type | xed:string

XML Instance Representation

<..>

< 1-Lsall aia S ye> xsdStNg </ 1-Lsall oaa S 5a> [1]

< 2- asdllal oaa S > xsdString </ 2- asdll ol oaaa S > [1]

< 3- @il jha a8 > xsastring </ 3- caid jie oaaa S 0> [1]
< 4- S Hi[) e S > xsdstring </ 4-SS i o S > [1]
< B- e e S > xsdstring </ 5- 0l e gaaa S 0> [1]

< 6- waall Ayl aua 5l 3> xsASHNG </ 6- waall 4 gall a3l 3> [1]
< 7->xsdstring </ 7- > [1]

< 8- >xsdstring </ 8- > [1]

</..>

Schema Component Representation
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XML Instance Representation

<.>

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

<Health Centrerinteger</Health Centrer> [1]
<Medical City >text </Medical City > [1]
<Populations ext </Populations > [1]

<Distance from taif3nteger</Distance from taif> [1]
</.>

Schema Component Representation
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|ER Tair 1 ré_['_:-'ﬁi-;-_

FTE 1 At a3 e
Types | o sdring

e e e
[Typo | xbatriog

v —————
Ty | e -edring

U0 4 Sap0 s S e
Ty | wemcdmiring

UTD Sems il greed o e

T e sl rfarsrmal

u‘[E | S TN, [ TR L B
Ty P - miring

[ O P [in

Iy | Twaf-Hzm Primiba

O BAdacd! s 35

By s Facd . wiring

O 9 4etecll! oo 35

iy sl uucnrnal

Py ps | mad, alinig

O 10 Spfanmi’ oligend! s 35

Tyt | e Siring

O 11- Spwadad 2ligmdl Lpnem 5B o

Type | wad:Siring
HLE 13 i s i mim GE
Typee | s siring
”].E 14 —az & pm cam Gx
Ty pee | aosd: siving

B8 45 slie b em 2
Type | wod etring

Fu 16 asi.mn L IR -
Type | wed-etring
e B
Ty wed-etring

LD TH- fapalt b men 5 e
T el mhrineg

I 18- fapentl Jad greea 5 e
T e - miring

D'EE 20- A pad docuy ppmsad g pa

T'..rr'a-n - miring

OO0 2. Sl fusall cpma 35 s

Ty xmed mirim 3

mE 2. w-*u—‘-“—.uﬂa#:-ﬂ_f[

OTn 22- el e comas 35 g
Iypas | mad airmg

Orp 23 —adoad cpmism 35 sa
Iy s | sl alemeyg

OE 24 Sl coteman 35
Hyr e Fiaal walin vy

O 25 et o otean 35
Ty | maat alrogg

D 26 fapdl _ptm 35 o
Tyt | s airing

-F‘-L-",-;,‘_ET o —
Type | wadistring

TR 28 leefe &8 o2d Lome

Typ | Hadostring
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XML Instance Representation

<>

<-4l s S je> xsastring </1-4edld) oaa K > [1]

<244 58 s 3S 5> xsAString </248 il oaa S e [1]

<3l oaa S > xsAstring </3ciisll s K > [1]

<l 50 aa K > XSASHNG </43250 aaa S > [1]

<5z sl oaaa S 0> xsadecimal </5g 5 @5 o= K> [1]

<B- Al bav 5 a8 50> XSASHNG </6-4all b 5 oxa S o> [1]

<T7- Jles o>a S <> Taif-Hospitals</7- el oaa S 5e> [1]

<8-hill aa K 3> xsAString </8-uhil) aa K o> [1]

<9-liadll aa K > xsddecimal </94dasl) aa K o> [1]

< 10-38kdll chagdll oaua S 0> xsdstring </ 1040wl gl caua S 0> [1]
< 11- il elagdll aa 3S 3> xsAString </ 11-4 sial) slagdll caua X e> [1]
< 12- Ayl elagdll Gsia s S > xsAtString </ 12- 4 siall ehagll) Gsia aua 58 50> [1]
< 13- g a3 > XSASHING </ 1340 G xS o> [1]

< 14- A5 355 oaa K 5> xSASHNG </ 14- i G5 oaa S 3> [1]

< 15-slia gl aa S > xsdstring </ 15-sbia sl aa K > [1]

< 16- 4aall aa S e> xsdstring </ 16-3dall sa S 5> [1]

< 17- bl aa S e> xsdstring </ 17- sl oaua S 5> [1]

< 18- dgsall g aaa S > xsastring </ 18-Aisall g caua S 5> [1]
< 19- dasall 353 ava K 5> xsdString </ 19-4sall 3 i aua K 5e> [1]
< 20-4gsal vy aaa S 5> xsdstring </ 204 sad) s xS 0> [1]

< 21- LaSl ) ava K 5e> xsdstring </ 21- 5aSl dadl aa K 5e> [1]
< 22- ypeall Jed) v S 5> xsatstring </ 22-sseall dawll oaa S e [1]
< 23-Cahaal) aa S > xsdstring </ 23<«ahall aa S > [1]

< 24- dda aa K > xsdstring </ 24- s aa S > [1]

< 25 Jladl oaa S 5> xsdstring </ 25 Jlad) oaa K > [1]

< 261¢)) saa S > xsastring </ 2612 aa S > [1]

< 27 G sk o>a S > xsASHing </ 276 sh o> S 3> [1]

< 28 haglh 38 ,all aa S 5e> xsastring </ 28 gl il aa K e [1]
</..>

Schema Component Representation
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BT G (@ [ 0 =

Type  K.A-H

- D'[g,_p..,a AL S
Type | K.F-H

H O Al ! i s
Typa | xsd:string

T e ghiams
Type | xsd:string

_D-[E;_. FLL| L | B L
Type  xsd:decimal

Type  siring

B 1 date -ﬁ.ﬁ-—-ﬂﬁ‘ﬂ

HITE sl gl sl Ay

Tvpe | siring

R R

Type  x=d:string

LD sl i ) A

Tvpe | xsddecimal

XML Instance Representation

<..>

< o v dld) Gisiee> KLA-H </ 3ead ae dld) Gisiues> [1]

<iasd @l Ladiue> K F-H </diasd @l adiue> [1]

<Ay yaall al jeV) Alte> xsastring <Aasyall pal Y Gadiue> [1]
<JihY) Laitua> xsastring <Okl gdiue [1]

<Al daall adiue> xstdecimal <) daal) i [1]

< lagdl Aadual) &l g8l &dte> string </ 12l Aaluall & g8l 4dte> [1]

< Sl ke yue¥) iuss> StriNG </ s Saall Gl Y] Linise> [1]
< Sl ) paie jue¥l AlGwe> XSASNG <[5 Swall ) paie ja¥) il [1]
< Swall s ) ikiue> xsatdecimal <ds_Swall cla Il idiue> [1]
</l.>

Schema Component Representation
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[ Taif Health Service : ~I1E Taif Governmant Hospitals &

[Typz TafGH

—[*[E'Taif Gevernment Health Care Centers
Typs Tafk-LL

- I7E Taif Wiltary Hospitals
[Typz TafliH

—[*IE_TaiFPwh'ate Hospirals and Health Care Centers:
Typs TarFE

XML Instance Representation

<..>

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

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

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

<Taif Private Hospirals and Health Care Centérai# P-H </Taif Private Hospirals and Health Care Centers>

(1]

</.>

Schema Component Representation

F=] Talf P_H g Bt PTE o A
Tvpe | =iring
- !:I-L-E - =i r R =
Tvpe | atring

L [OE e e

Type | xsd-string

Type | wx=di=string

S L T O —

Type =sd.decimaid

- D-EE";"'""""'"‘“ e it e
T e ad atring

= Ll'l'_g o o
Type | whd decimal

u'[g‘_,...u:ri' aka

Type | xsd:decimal

- n‘[_'g FUVTE U
Type  =xsd.=string

TS Assas 5= .
Twpe | =xsd .dacimal

—ul'_g.g—-..l-_-"" 5 LIS 5 g
Type | xsd decimal

XML Instance Representation

<..>

<eY) Giliue> String </cpeV! adiue> [1]
<l iS5 string </omsl) At [1]
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< sl Adiue> xsastring <[ saed) idiue> [1]

<hagll LAliue> xsAString <Aagll adiue> [1]

<) Adiue> xsdtdecimal <o) sidiue> [1]

<Ayl sl Glibe aeae> xsastring <ol As) clabe s> [1]
<@l )2 pease> xsatdecimal <fhll s gene> [1]

<odai¥) peas> xsatdecimal <Gudai¥) gaas> [1]

<pade gane> XSASHING <hodw gane> [1]

<alilall 38 o> xsdtdecimal <flilall S o> [1]

<Al 35 K > xsadecimal <feaoall sl S > [1]

</l.>

Schema Component Representation

Both private and public health authorities farced with different planning issues that caméedled with
GIS techniques. These issues include definingpihéiad location of health demand and identifyinglte access
and service areas. In order to discuss the polewfiaising GIS with health care facility planniimggeneral and
with hospital facility planning in particular, thgesented study has selected one major privatethbapd
applies GIS on it. A number of factors were congddn selecting this hospital. These include asibdiy to
health demand data and the types of health serthegare available at this hospital. In additiaththe planning
issues that are dealt with at this hospital areveaait to the remaining hospitals of Taif city. Th@spital has a
capacity of 200 beds and 95 doctors working aedifit departments including family medicine, gyrhegyp
and pediatric department. It is located at themoftthe city but expected to serve most partstgfdistricts.
Figure 5 show the content of Saudi Arabia Subadeag by XML Stylus Studio Editor.
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Region Study: Hospitals and Health center Of Tedfiabah, Al-Khurma, Rania, Zulam and Al-Moya cities
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Fig. 9: The content of Saudi Arabia Subareas dgméNdL Stylus Studio Editor.

2.4. Research issues and analysis techniques

GIS has several techniques and functions that eamded for health service planning. Each one ofethe
functions can be applied on different health relagsues. For example, the issue of health acdktysdan be
modeled in GIS using simple functions such as bdtfaction or using spatial data analytical funogcsuch as
spatial analysis technique. This study has seletiteek major hospital planning issues and uses fGIS
analyzing these issues. The first issue is relaiatkfining health demand location. GIS has diffieteols that
can be used for defining any location on the mame 6f these tools is called on-screen digitizingciwhs used
by the presented study to capture and define heealthand location at Taif city. Figure 6 show Taikpitals
and health services centers neighborhoods.
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Figure 6: Taif Hospitals and Health center as XMhadbam
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-HeadtlviSe"/>
<xsd:element name="Khurma" type="Khurma-Heakimnge"/>
<xsd:element name="Rania" type="Rania-Healtlviset/>
<xsd:element name="Zulam" type="Zulam-Healthv&ez"/>
<xsd:element name="Al Moya" type="Al Moya-HeafSlervice"/>
</xsd:sequence>

</xsd:complexType>

<xsd:complexType name="Taif-Health Service">
<xsd:sequence>
<xsd:element hame="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 nameziiue clldl xe 5 321" type="K.A-H"/>
<xsd:element nameziiu ¢l Jaid" type="K.F-H"/>
<xsd:element nameziiu pal ¥l 4 )aall" type="xsd:string"/>
<xsd:element nameziiuw Jukyl" type="xsd:string"/>
<xsd:element nameziiuw isall sl type="xsd:decimal"/>
</xsd:sequence>

</xsd:complexType>

ArcGIS software is used by the presented studyefmd all hospital demands location. These datacallected
on city districts level. Therefore, GIS coveragdigitized at the Arcmap application, which is arfehe main
ArcGIS applications, using polygon-drawing toolattare located at the editor menu. After creatimgrequired
city district polygons in ArcGIS software, the folling step was to enter the collected attributesutihospital
demand. These include number of patients, ageasdxhospital utilization types (emergency cliniegignts,
specialized and general clinics patients and addifiatients). All of these data are linked to tkendnd
coverage and used for the second issue of thiscafiph which is related to the classification ashital
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demand. Figure 7 show a Taif Hospitals and localltheservice in turabah neighborhood center as XML
diagram and health service centers as XML code.
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Health centers between Turabah h and Khurma
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Figure 7: Taif Hospitals and local health servicgurbah neighborhood centers as XRlagram
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='stsdy"/>
<xsd:element name=" Fax:028221683 " type="xsdpt/>

<xsd:element name=" Manag#ital[1x 3« &)<l " type="xsd:string"/>
<xsd:element name=" Ownék 3[1 s 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 = =[] 45" type="xsd:string"/>
<xsd:element name=" 25 < 53\l ~[1" type="xsd:string"/>
<xsd:element name=" 35 < ~[] z _&l" type="xsd:string"/>
<xsd:element name=" 45 [ ¢S g2l " type="xsd:string"/>
<xsd:element name=" 58 =[] =54 % " type="xsd:string"/>
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<xsd:element name=" 65« > ¢ =l " type="xsd:string"/>
<xsd:element name=" 7S » = 42l " type="xsd:string"/>
<xsd:element name=" 88 »» ;= 4.1l " type="xsd:string"/>
</xsd:sequence>
</xsd:complexType>

[ Tait Health Senricﬂérp-@

02 Taif T

Type Taif-Heakh Sarvice

A Taraba

Type Taraba-Heakh Service
T Khurma jﬂ

Type | Khurma-Healh Service

o 3

Type | Rania-Health Service

Type  Zubsm-Healh Service

taZulam ?

e Al Moya ?

Type A&l Woya-Heallh Service

Figure 8: The Turbah Health Care services Centefaif City and neighborhood centers

The third main issue of the presented applicaiamrlated to defining hospital service area. Tégsi¢ is covered
using two main GIS techniques which are networkyaimand overlay analysis. Network analysis is ofthe
ArcGIS modules that facilitates the modeling oftggdaetworks and can be used to determine theieffi paths
and travel sequences. This module is used in #mepted study for determining and calculating diiive to
hospitals at Taif city. In general, a network isyatem of interconnected linear features througichviesources
are transported or communication is achieved. Hteaork data model is an abstract representatidheof

components and characteristics of real world ndtwgstems [12].
N _____________________ Ll
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Figure 9: Turbah google earth Hospitals LocatimAigGIS 9.3
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3. The implementation of the system

The information was edited into the geodatabasmutitr the Map Editor in the ArcMap 9.3 plat formllikg the
data from the tables of Subareas populations asgitads , ....etc, the data of the length and narhegeets
was entered from the table of Distances betweéssdit both layers of High way streets and Majoe&its,
Using the tools of Editing in the ArcMap tools bar.

3.1-The selection functions
ArcMap have selection tools by attributers anddmation see the following figures
3.2 The Selection by attributes

The selection tools by some attribute functionwiia to select the database management systenitsoiuas
shown in the following figures:

e Select from Subarea Layer Where populationNunt&000
e Select from Subarea Layer Where NumberOfHospitalsl50
3.3 Selection by locations
Selecting features from layers such as:
Intersect
» Contains
*  Are within
e Completely contain
e Are completely within
* Areidentical to

e Touch the boundary
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*  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.

B b e fooe cod B
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Subarea filed description in ArcCatelog 9.3
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The key to produce successful network models istherstanding the relationship between the chaisiits of
physical network systems and the representatidhosfe characteristics by the elements of the n&twmdel
[12]. Each network coverage is formed with sevelainents such as links, nods, stops and turnseThes
elements are used together to perform the req@t&dunctions. Therefore, before using any of nekwo
analysis functions it is necessary that all uskoailsl understand the process of these elementmake sure
that the parameters of these elements are sati€iige of the important elements that need to berealbefore
calculating network travel time is called the linkpedance. It refers to the cost associated waivetrsing an

entire network link.
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Figure 10: Subarea of Saudi Arabia

The presented study has calculated travel timedch arc based on the average driving speed akmigac

and based on the arc length. The resulted coawexdsas an arc attribute and used during the psadeseating

drive-time service area of the selected hospitaé Jecond main GIS analytical technique that igl ugthin the

hospital service area issue is called overlay amlyhis technique is used at different studies fan many

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

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

specified with operands (data elements) and opargtelationships among data elements). The moltused

overall functions are called union, intersect agentity. This study has used the intersect functomanalyze
health demand which falls inside the created diiive- hospital service area. This overlay functiosates a new
output coverage that has only city districts tlzdisfinside hospital service area. There are skpetantial uses
for overlay analysis functions. One of these use®lated to defining health demand of a selectedce area
and which is covered by the presented study.

Health facilities in general and hospitals in parf@r are faced with different challenges relatedtheir
locations, their market service areas and theirashehstatus. This part of the paper presents a @Gpcation
that is created for one private hospital at Taif.cThe application is designed to be as a spdéaision support
system for health demand of the selected hosfitere are several studies that cover public hdspémand
including [8]. Using GIS in health care planningidies is well acknowledged by the western European
researchers and it is used for various healthisaues at the developed countries.
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Figure 11: Identification of Makkah Subarea in &alrabia map

However, in Saudi Arabia this technology is stok wery well explored by health authorities anceggshers.

Therefore, the created application provides a go@anple for explaining how to use GIS by healtmpks
and officers in Saudi Arabia and/or in any otheredeping country. This application is considerecasew
GIS-based system that covers private hospital ddrimafaif city. The created application covers gngain
demand related issues which are spatial distribudfchealth demand, types and classes of healtladg@ind
accessibility of hospital location between citiesSiaudi Arabia. Table 3 illustrates the importastahces
between Cites in Saudi Arabia to determine thetstpriocation for patients health care servicagees.

oy | JEDDA | MAKK | MADINA | RYAD | DAMA | TAI | ABH | TABOO | QASI | HAI | GEZA | NAGRA
H A H H M F | A K M L N N
JEDAH 0 79 420 949 | 1343 | 167 | 625 | 1024 | se3 | 7| O 905
MAKKA 79 0 358 870 | 1265 | 88 | 627 | 1037 | s7e | '° | °% 912
MADINA 232 | 1043 | 1270
H 420 | 358 0 848 | 1343 | 446 | 985 | 679 | 518
RYADH | 949 | 870 848 0 395 | 782 | 1084 | 1304 | 330 | %0 | 1272 | 990
DAMAM | 1343 | 1265 | 1343 | 395 0 | 1177 1495 | 1729 | 725 | 10%%)| 1867 | 13%5
TAIF 167 88 446 762 | 1177 | o | se1 | 1204 | o3 | 7| 763 | 864
ABHA | 625 | 627 985 1064 | 1459 | 561 | o0 1649 | 1488 | 1402| 202 | 250
TABOOK | 1024 | 1037 679 1304 | 1729 | 1204| 1649 | 0 o7 | 04| 1rz2 | 1929
QASIM | 863 876 518 330 | 725 | 936 | 1488 | 974 o | 310 161 ] 1280
HAIL 777 790 432 640 | 1035 | 957 | 1402 | 64 | o7a | O | M40 | 1590
GEZAN 710 685 1043 1272 | 1667 | 763 | 202 | 1722 | 1s61 | 40| © 482
NAGRAN | 905 | 905 1270 | 950 | 1345 | 864 | 280 | 1929 | 1280 | M°90| 482 0

Table 4: The important distances between CitesirdBSArabia
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Figure 12: Saudi Arabia Subareas layout locatigngding ArcGIS platform
4. Distribution of hospital demand

Almost every hospital has a database about itdiegipatient and saves such data in different Manamt
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 importan€esing Spatial Information Systems (SIS) withithpatients
data. This result is found at Taif city. Many hbafhanagers who were interviewed during the stagdatd
collection did not realize the benefits of usindgs@ir SIS at their organizations [25-28].

Accordingly, the presented study has created adplfiication that can be used as a guide for idgntifsome
of the benefits that health planners will gain fraging GIS at their health organizations. One efrtiain issues
related to health demand is regarding definingldsation within the city. There are several methttat can be
used in GIS for identifying location of any featuF®r example, a GIS function called Geocodinglmamised to
create points features on a map from a table haxjngcoordinates of any addresses. On-screeniziigjtis
another GIS function that can be used for dataygnirposes. It uses different draw tools such astpline and
polygon tools for identifying feature location. Theesented study has used this method (On-Scregizidig)
for the purpose of identifying hospital demand toma Based on the collected data, hospital demiand
aggregated into city districts level.

Therefore, GIS coverage is created for showingtionaof every city district and then the attributésta of
health demand are entered as records in the caveéabip. After building the database of health deimahe

next step was to use GIS for identifying spatiatrithution of patients. This step is achieved usimggraduated
color function that subdivides numerical data iatset of classes. There are five main methodsléssifying

numerical data in GIS. These are natural breakssifieation, defined interval classification, equaderval

classification, quintile classification and stardideviation classification [17].

4.1-Transportation Networks layers
High way layers geodatabase consists of :
« Object, shape length , shape area,

e Street name, Street Length and street type
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Major Street layers geodatabase consists @bject , shape length , shape area, From the Steedtrs
distances and streets hame can be found to helpirig to the nearest hospital or health centerpdtients
High Way streets , Major Street and normal layers.

4.2-The Subarea Layer

The Subarea layer is the layer that contain thdn#fadth care information's field discussed in thpgr , the
calculations was taken from the table 5: producedh® Reference . Each subarea have ,layer relrape
length, shape-Area, Population-Number, number spltals, number of health care centers, numberdsBn-
Hospital,,Number-of-Doctors,Number-of-urses,NumbkBentals-Doctors and number of pharmacies. Each
one of these classification methods can be applieldealth demand data for grouping and subdividaig
purposes. The presented study has used the niateekis method that minimizes the variance withéas€land
maximizes the variance between classes [18]. Fample, the general and specialized clinic patieotg is
related to those patients that use this hospitadgecific health treatment. Meanwhile, the hodigita patient
group is referred to patients who were admittechialth care treatment in the same hospital. Otieeof
benefits of using GIS with health data is relatdg ability of showing more than one attributéadiaa one
view. This tool is known as multiple data classifion method that lets the user to use two reratepsce on a
feature layer [18]. It is also called the bi-uniquadue render in the Arcinfo object model.
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The results of selecting populations in subarearavhepulation greater than 1000000
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Figure 13: This Chart; show the numbers of hokpiteeach 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
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5. The compression between the healthcares centers

By using the statics tools in ArcMap compassioesveen Number of hospitals , number of healthcares
centers and other health factors was done :

1-Building the graph of the number hospitals indiféerent subarea was done shown in figure 13nHtus
figure; the former founds that Al Riyadh and Assiéies are having the most number of hospitalksimgdom
of Saudi Arabia. While Hial, Aljof and Sharkia asshave the lowest number of hospital.

2-Another comparison graph was build between nusmbgbeds in hospital in the subareas as showigunef
14,

i o 0 1T I B T s ae

L [T e— I ¥

B [t e . s h
Py = =
i e g T "‘f” [y

Sror P
-
terea b

B Loyar
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- cx | Like |
- | == |

Gink Linigus Wakies Ga To: |-
SELECT * FROM Subfena WHERE
“Tenrm bsral_doohone s 1000

Figure 14: Shows the numbers of doctors greater #i®00 and >3000
5.1 Statistical Tools

By sing the statistical tools in ArcMap compass between Number of Doctors , number of derdatats
,nurses, and pharmacies as shown:

1-Building of Statistical of the number Doctonsgovernment hospitals in the different subares dane
shown in figure 14. The former founds that Al RiligdAsser Al Gasim, and Al-Madinah are having mibi
1000 doctors in governments hospitals.

51



Control Theory and Informatics www.iiste.org

ISSN 2224-5774 (Paper) ISSN 2225-0492 (Online) J!Lfl
Vol.4, No.5, 2014 NIS'E
| : d
[ 8 o fociny fuam jtacti Joiwi [fmive Sy
ERuunged Enahtial S0 4 sil i 5

L R el L Lo

-
o e

|| Laver I® SubArea =l
[+ Only show selectable layers in this list -
4
Method: |Createanew selection et il
"OBJECTID" = l
"SubArea_Name" El

"SHAPE_Length"
"SHAPE_Area"
"MunmerOfHospitals”

|
"MumberOfHealthCenters" - IL
L[ == = = |
= I <> | leel b
W > I >= Andl r
b
| < I <= Or |
_|%= 9] I Not
¥
Is I Get Unique Values Go To:
I SELECT *FROM SubArea WHERE:
"MoMurch" =3000 -
|
Clear | Werify | Help | Load | Save |
OK | Apply I Close I

Figure 15: shows the numbers of Nurses greater#000 in government Hospitals

2- Comparison of numbers of nurses was greater2z000 in government Hospitals build between the
subareas as shown in figure 15.

5.2 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.

Figure 17: Shows the patient of blood Sugar areatgr than > 100000 person
6. Selection Transportations layers by locations
6.1 Selection according to the specific distance

The former Select the Subarea Layer Streagth from layers of Highway Streets where e@&tiength
less than < 50 KLM (KiloMeters). This Selectiorhighest way street between the Cities layers asistin
figure 18.
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Figure 18: Shows the Major Street < 150 kimside of Taif Area map

6.2 Selection of the nearest distance to the city

For a patient to find the distances and the ne&weshealth service, this system can be helpsti@sn as

figure 19.
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Figure 19: Shows the Major and High way Streeidee Jaif Area Map
6.3 Special Selection in Taif Area and neighborhoadcities

1- Comparisions to find mosallest Major street to reach a Taif city from a locabhh services
neighborhoods cities named; Trubha, Rania and Kawsing select by major locations tools.

2- Select the shortest distance of the Major streeil fTaif city for patient at neighborhoods citigsch as
named, Turabah, Rnia and Khurma even from BiasaAhBaha health care services as show in
figure 20.

z FEPPINTN §
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 citithés study has
used the data about hospitalized patients as a@x ifod health status in Taif. Ideally hospitalizedes for any
area should be based on all hospitals locatedmilta city. However, due to difficulties in havitigs data for
all hospitals (public and private) in Taif the emited data of the selected hospital are used esaanple for
defining hospitalization rates in Taif and neighimyds cities.

7. CONCLUSION

Health care planning is a challenging field thgieleds on spatial data such as location and chasidicie of
health centre demand. Today, health planners Fangra tasks to cover to assure that health seraice
provided at the best location. Epidemiology anckasibilities are two important issues in local tfeplanning.
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The present study has covered these issues by @sttpr Makkah Area specially for Taif health tenand
neighborhoods cities . GIS is used to analysese¢h&re catchment as well as studying the spatial aizalysis
of some diseases such as of blood cancer and blggad or fitness patients. The results of thidieaiion are
very useful for health planners and demands oncaorsicale and explores the possibilities of usihg far
health care services in hospitals at Saudi Aralilieieas. because they evaluate the level of squuisgsion at
the selected area. It is found that the existirgjthesupply of Saudi Arabia Subareas comparisondeas for
health care activities and the relation betweernufadijpns and geographical areas, transportatider@iwas
taken to help reaching to neighborhood health sareices . The same technique can be applied atllee
health centers of other Saudi Arabia subareas bamtbing so health care planning and demandinddvo
more effective in Taif City and other neighborheaities named; Turabah, Al Khurma, Zulam, Al-May&
Rania.
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