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Abstract: Problem statement: GIS has several techniques and functions thabeamsed for health
services planning. Each one of these functions warapplied for different health related issues.
Approach: The first part of this study reviews the relevang@unctions that are used by health care
planning researches and identifies the advantafgesing these functions. The second part of thdystu
focuses on presenting a GIS application createthfopurpose of exploring the demand and supply on
health services in Jeddah city, Saudi Arabia. Adg¢abase is created for health services which sover
the location and characteristics of health suppigt demand. The created application covers three
major analytical issues. The first issue is relateddentifying the level of health services supply
Jeddah city. The location of health services isngef and classified based on the existing level of
supply. The second issue of this application iatesl to defining the location and characteristits o
health demand in Jeddah city. The locations ofepéiare defined and the actual catchment areas of
health services are defined for this applicatioocdxdingly, a demand based catchment area is dreate
to define the growth and extent of health catchnaef in Jeddah city. The third major analytical
issue of this application is related to identifyitig level of accessibility to health services @ddah

city which is achieved using accessibility indigatecoresResults: The outputs of this application are
useful for evaluating the location of health seegisupply and demand in Jeddah oignclusion:
Using GIS in health care planning is recommendedéalth care planners in Jeddah city. The created
application is considered as a spatial decisiopsrtsystem for health planners in Jeddah city.

Key words: Geographical Information Systems (GIS), health ises; health demand, spatial
analysis, spatial profile, GIS technology, overémalysis, arc GIS software, point data,
catchment area

INTRODUCTION financial resources available to the populatiorpbe’'s
knowledge about health and the health care systein a
Health care facilities at any region can be ditdide geographical impedance between population andthealt
into two main types that are known as primary lealt services (Luo and Qi, 2009). Among the many factors
centers and hospitals. The former provides basdtthe that influence health care services, two of them ar
care services and the latter provides services focritical: physician supply and population demandttB
specialist health treatment. Health authorities ehav of these are spatially distributed, but it is rdrat their
always aimed to provide health care for all resislen distributions perfectly match (Luo, 2004).
using a fair access policy that is characterized as One of the main issues that health planners reed t
providing the right service at the right time irethight  cover at any built up area is related to evaluatieglth
place (Murad, 2006). To ensure adequate health cawmccessibility. Measures of geographical accessibili
planning, health service planners and policy makerfiave also been proposed and critiqued in the pignni
need accurate and reliable measures of healthtizsil and medical geography literature (Guagliaretoal.,
so that true services shortage areas can be aglyurat2004). For example, Khamis and Hanoon (2010)
identified and resources allocated to those needgsa examine the relationship between children mortality
to alleviate the problem. Health care planning @iven  prosperity and education to create a clear picafre
location is influenced by many factors, includifget health status of three indicators of children midyta
availability of health services in the area (suppthe  stillbirth, neonatal and infant. Such measures eang
number of people living in that location (demanthe  from the conceptually simple counting of the numbfer
population’s health status, the socio-economic andacilities within a specified distance from a given
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location to more sophisticated spatial interactionquantifying lead hazards in a neighborhood, prédict
models. These measures can be implemented usingild pedestrian injuries and for the analysis iskedse
Geographical Information Systems (GIS). GIS plays a policy and planning (Coggoet al., 2003).

essential role in helping public health organizadio Rytkonenet al. (2003), discussed an interesting
understand population health and make decisionS. GIGIS application for analysing the incidence of tybe
has been used to create layers that can show aiecisidiabetes among children in Finland. They obserhed t
makers in a simple, easy and flexible manner (Faddi#cidence of type 1 diabetes per 100,000 persons
et al., 2008). With the powerful tools and solutions separately in urban areas, urban-adjacent rurasare
that GIS technology brings to the desktop, healtifural health and remote areas. Cerrito presentethan

planners can improve understanding of communityG!S based health study, investigating the relatigns
health needs and design effective interventionsS Gl between environmental factors and the need for the

treatment of lung problems. It is considered an

interesting case, demonstrating how the data miafng
IS, combined with healthcare outcomes, can be
ffective in modifying clinical research. One exdenp

technology offers varied solutions including onbatt
improve field data collection and reporting andesth
that support disease surveillance and analysis wit

online mapping and spatial statistics. In addition,Of using GIS and GPS in health care is found in

GIS, improve th? a'f_’”“y to communicgte with Guagliardoet al. (2004), where these technologies are
several health situation, such as environmenta)caq to map out residence activity spaces, using
contamination, to decision makers. symbols and standard deviational ellipses and sites
Geographical Information Systems (GIS) can beyhere diabetes information has the potential to be
used for several studies. For example, GIS playsya \yelcomed, for a sample of low income females and
and important role in preparing Prayer time mapmgles. This example shows how ‘prevention of
(Aghighi et al., 2008) and it is used for simulation giapetes’ projects can use GPS and GIS tools featol
planning for sustainable use of land resourcescémaa_ and record the activity spaces of 121 participams
et al.3 20_09) and for analyzing the concept of spatial- yemonstrates how this approach can be used by
function in courtyard house layout and its influerio  peaitheare providers and researchers to implement a
the cultural and social activities (Mustafa and $#85 o mmunity-based diabetes prevention programme.
2010). In addition, Liaghat and Balasundram (2010) ' krauseet al. (2005), analyze the availability of
indicated that Precision Agriculture (PA) can Nnow yantists in Mississippi by county over four decattes

based on innovative systems approach and these n termine the geographic distribution of dentistsfts

systems approach dep_ends on a combination 9h their distribution over time and how this dibution
fundamental technologies such as Geographic

Information System (GIS), Global Positioning Systemrelates to population demographics_ using standesidiz .
(GPS) computer modeling ground scores and GIS technology. Their results can assist

based/airborne/satellite remote sensing, variabke r current and future practicing dentists, dental stho
technology and advanced information processing foAdministrators and policy-makers in making informed
timely in-season and between season crop managemefgcisions for determining suitable practice loaagio
Examples of GIS studies in health care planningie dental school admissions criteria and areas t@tdoy
examining disease rates, examining variations aithe Public health initiatives. o
and the use of health services. Wilkinssral. (1998) A combination of multi-attribute, temporal and

; e ; tive visualization techniques is used to
addresses the potential applications of GIS intheal compara . .
geographical studies. These applications are: sk'zseah'gh.“.ght the strengths and identify the We?‘k“e_“‘@
mapping and geographical correlation studies, paite partition (Shanbhagt al., 2005_). _GIS data ylsuallzatlon
of health service use and access environment'aNjﬁz (Kanekoet al., 2003) and statistical techniques suggest

d di | d th deli f the heal hat certain policy definitions of underserved aremy
and disease clusters and the modeling of the healthy,, o oftective in defining areas of nursing shges

impacts of environmental hazards. Jacquez (1998{C0urtney, 2005). Klaus®t al. (2005), create and
added that GIS could be used for exposure asse§smepharacterize population-based hospital servicesdiaa
identification of study populations, disease magpin switzerland and visualize results as maps in a GIS.
and public health surveillance. There are severaljospital service areas and health utilization issic
examples in the literature that discuss the pa@e@IS  provide valuable information for health care plami
application in health care facility planning. For Vinnakota and Lam (2006), use GIS to integrate data
example, GIS is used for monitoring vector borneabout the socioeconomic inequality of mortality of
disease, water borne diseases, environmental healttolorectal, lung, breast and prostate cancersarJBA
modeling exposure to electromagnetic fields,defined at different spatial resolutions as well tas
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visualize and analyze the results from the asdooiaf the required statistics for either rectangular iocutar
rule mining process with GIS technology in order toneighborhood shapes. The kernel function is another
identify regions that need further attention. important GIS function which can be used for exipigr

The purpose of this study is to present a GISdasehealth data. This function is useful for calculgtithe
spatial profile created for exploring health carespread out of health incidence over a surface. The
services supply and demand in Jeddah city, Saudheasured quantity of health data sent (line ortpaén
Arabia. The profile covers three important healdinec  distributed throughout a landscape and a densityeva
planning issues. These are covering health supplis calculated for each cell in the raster outputalkh
classification, health demand classification andlte researchers can use the above GIS data exploratory

care accessibility. functions to find answers to questions such as hdret
there is a cluster of health events at any location
GIS tools for health care applications: The GIS ArcGIS software has a very useful extension

software packages such as ArcGISArcinfo and ArcGISknown as the Geostatistical Analyst, which can §edu
Arcview (ESRI, Redlands, Ca, USA) include manyfor modeling any point based data, such as thdi@mta
functions and tools designed for health care studie of patients and can easily create a continuousaseirf
These functions can be used for the visualizatibn ofrom measured sample points stored in a point-featu
health data, spatial analysis and modeling. The&y arjayer. It derives a surface using the values frdwa t
crucially important in any health-oriented studytsy  measured locations to predict values for each ioeat
enable better decision-making by providing healthin the landscape (Johnston, 2001). Kriging is cithe
status and needs for an area or region from aapatiysefy| GIS functions that can be used for modeling
point of view. GIS based analysis and modelingneqith point data. It is considered as one of the
functions can be classified according to data mode}eierministic interpolation methods which capabfe o
types (vector or raster data)..The density funtion producing a prediction surface and providing some
instance, can be used as point data for the lotatio easures of the certainty or accuracy of a pregicti

health care centers, for the estimation of spatiaE . .
variations in disease risk and for a spatial dermatisn hollz_adef‘et al. (2009) ad_de_d that enw_ro_nmen_tal data
were interpolated geostatistically by kriging teicjue

of point-pattern intensity. The output of the dénsi _ : - .
function is more useful for pattern recognitionrttfar ~ USINg ArcGIS 9.2 through spatial analysis extension

the location of individual features and particufafior ~ Semivariogram results for Geostatistical Softwa@{G
mapping areas of different sizes such as census wa  Health studies that look into the relationship bestw
counties. Two main methods are used for calculatingi’ Pollution and health status can use this famcto
density in the ArcGIS software. The first one siynpl define air quality, based on sample measured points
counts the features within a search radius, whike t

second one is a weighted method used as @&eo-coding function: One of the important issues
mathematical function (e.g., the Kernel function) t re|ated to health care planning is to identify Itheation
emphasize features closer to the centre of raslés. ¢ ot health care needs. Usually health authorities
Health care data such as location of patients @an l1ist of their registered patients and thereforeytheed

analyzed by this function to identify the spatial i ) .
variation of these patients in any area. In additio to plot these lists on their geographical area. G48

apply GIS for defining spatial classification ofdiea ~ Pe used in this manner because it has the tool of
supply, it can also be used to for multiple dataconverting any address data into point coverage
classification or so-called multiple queries. Ttyipe of  through the geo-coding function. This function sed

GIS function reveals features satisfying a critenwath by several applications to create points on a mam f
more than one parameter, e.g. to identify healttiets 3 table of addresses. For example, Faetds. (2008)
with many physicians but no dentist, or with ina®®  qjcate that GIS can be used for Building a refadi

number of general staff. Multiple queries can bedena database system that includes GIS layers and RS

in GIS using logical operations dealing directlytwihe : . -
database allowing the user to identify and selec{@9e maps and managing them, for producing digital

features by a special set of criteria. In most GlSmage maps for Jordan (Al-Salt) and for evaluatimg
applications, features are identified and seledteth ~ validity and the appropriateness of data fusion in
the database and highlighted on the map. Suchtedlec relation to visualization.
features can be saved in a new coverage for further To geo-code addresses, users should have reference
analysis. Health studies can use several GIS basemverage to serve as a base map (the referenceageve
neighborhood statistics functions such as the focals usually a street theme with attributes that spahe
mean, the focal sum or the focal range, which cde®u street name, street type and range of addresses tha
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occur a long each street). Once the reference ageer Allocation is another important function availakke
is prepared, any address table, which containemati GIS Network analysis that facilitates the modelinfg
addresses, can be covered into points on the mapy M resource distribution through a spatial network #rel
GIS softwares have a specific module for handlimg t determination of service zone. For example, thelrarm
address data. For example ArcGIS of ESRI usesf pupils in a district can be assigned to the estar
address information in the attribute table of thenetwork link and then in turn allocated to schoaséd
reference data to figure out where to locate addreson user defined rules concerning maximum travel
points. This is achieved by using the geo-codingise  distance (Birkin, 1996). The use of Allocate funaoti
that is a file that specifies the reference datd @m can be used in health studies in creating healtitece
relevant attributes, the relevant attributes, tllevant catchment area.

attributes from the address table and various geling

rules and tolerances (Orms#tyal., 2010). MATERIALSAND METHODS

Overlay analysis. The concept of overlay analysis is One of the main tasks that should be looked at
one of the major GIS procedures that are used bgarefully during the building of any GIS applicatjds
several studies. It manipulates spatial data orgahin ~ regarding creating the required data and then

different layers to create combined spatial featureintegrating these data within the GIS applicatibhese

algebra. GIS stores data is layers that can bivett POINtS, lines and polygons. Point data are restased
and overlaid one on another to answer questiorsasc SINdle X, y coordinate, with attributes describitig

which sites are most sitable for development oiegp ~ conditions of these points.  Usually geographical

L . . eatures that are too small to be depicted as lores
types.__Such site is determined by checking thefareas, are created in GIS as points data. For this
suitability of location on each of a number of key

L : application, the location of health centers in Adddit
criteria. The locations that pass the test on ladisé bp Y

L ) _ is created as a point feature and all attribute dabut
criteria are the suitable for development (BirkI896).  nheajth centers are saved in the attribute tabfaisfile.

Many GIS softwares have several overlay analysighe second main GIS data feature is the line featur

functions, which applied on raster or nectar datalefs.  \hich has a one dimensional shape that represents

In the case of feature-based data, Union, Inteaact geographical features too narrow to depict as area

Identity are the major polygon overlay functionsiege  (Zeiler, 1999). GIS software stores lines as aeseof

are used by planners to get new coverage thafystites  ordered x,y coordinates, with the relevant atteisufor

required criteria. The overlay procedure is oftenthe presented application, the road network of dedd

undertaken in conjunction with spatial bufferingpther  city is represented as a line feature, with attdbu

standard feature of a proprietary GIS (Birkin, 19096 regarding the length and type of each road inditys

enables the user to determine an area at a chistenag

shown either a point location (e.g., health centera RESULTSAND DISCUSSION

line feature (e.g., a road or a lines) (ibid). Tdweput

buffer function is a circle for points, a corridior lines  Health servicesat Jeddah city: The first issue is related

and a polygon for polygons. to building a GIS model that describes the existing
situation of some of health services supply (phgsai

Network analysis: The third main GIS tool that is and dentists) in Jeddah city. This model is impurtar

considered to bg very useful in health care studiti®e  pegith planners because it helps them in havinigual

Network Analysis. It is one of the most frequented e\ ahout their facilities and services. It can used

c?amnﬁ%nefr;;sl d(;f ﬁgns f:g dtgen:\;[\;gtrfstoangeggnsﬁmf either to identify problem areas, or to select gigrts
b 9 ' d that need some detailed health studies. Severas tgp

what is the shortest path between location X and Yd ¢ dt ruct thi del. The date
Such analysis is known as routing or path findirigol ata were used o construct this model. The date we

determine the minimum cost path through a network@P0ut existing location of health services in Jéddgy.
between a given origin and destination. This fiorcti All health centers are plotted on GIS as point ufiest
can be used in the health studies for defining thénap and classified based on their supply or service
shortest path between patient location and heeltkec.  There are 11 types of health services supply fahea
The resulted path can be presented to the ambulancentre. They are the following: 1 - physicians @ah
driver together with the direction file that debes$ step practitioners, GPs), 2 - family physicians, 3 -tikig, 4 -
by step the best routes for getting fast to sudfepa  nurses, 5- midwives, 6-pharmacists (pharmacolggists
647
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laboratory  technicians, 8-x-ray technicians, 9-
administrators, 10 - servants and 11 - others.

Each health centre presents with various amounts
of the abovementioned supply or types of health
services. In this study, we have selected physicéam
dentists as examples of health services supplyigedv
in health centers. The same visualizing techniquaes
be implemented with the rest types of health sessic
supply, e.g. pharmacologists and laboratory teééamsc
Identifying the relationship between supply and
demand/utilization is very important for health ear
planners. GIS helps in describing and classifying a
types of features, e.g. points, lines or polygoased on
values of attributes’ data. This technique is aplon
health centre shape file and each type of heatthces
supply data is classified according to its values.

Figure 1 shows a classification model for a health
centre based on the number of physicians while Fig.
demonstrates a classification of health centeredas
the number of dentists. Each of these figures pes/a
visual evaluation and comparison between health
centers based on their existing supply. Visualkzabf
health information is, usually, the first step iralth
research. It can be very useful in obtaining thet fi
overview of data distributions and possible spatial
patterns. Another important issue dealing with theal Fig. 1: Classification of health centers based on
data visualization is related to the concerns & th number of physicians
variable size of spatial units. It means that laageas
with low population rates can attract the analystre
more than smaller areas receiving larger population
figures. To overcome this visual problem, GIS can b
used for visualizing maps that show features as
proportions to their relative health data. Accogiyn
features that have large population values areepted
in GIS with larger symbols; meanwhile, low popubati
features are shown with smaller icons or symbols.

Looking at the number of physicians at a given
health centre, it can be stated that each heatitecchas
different amount of physicians or dentists. Someers
such as Alsafa Center and Gulail Center engagaerla
amount of physicians while in other ones such as
Alsharafia Center and Althayuar Center this numiber
smaller. The situation is similar when dentists are
concerned. In some centers there are two dentigis,
in Alazizia Center while in other ones, e.g. in
Alselamainah Center and Almarwah Center there are n
dentists at all. There are various reasons foruhes/en
health supply in Jeddah city. One of them is relate
the size of existing demand.

Along with defining spatial classification of hdal
supply, GIS is used to classify more types of this
supply. This is known as multiple data classifioafi
the so-called multiple queries. This type of GIS
functions can reveal features satisfying a critenioth ~ Fig. 2: Classification of health centers based on
more than one parameter. number of dentists
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An example is to find out health centers with agéar
number of physicians but without any dentists othwi
less servants. Multiple queries can be made in GIS
using logical operations dealing directly with the
database and allowing the user to identify andcsele
features by a special set of criteria In most GIS
applications, features are identified and seleftech

the database and highlighted on the map accorading t
a combination of several conditions. The selected
features can be saved in a new coverage for further
analysis.

At presence, two different multiple queries have
been used to search in the health centers. Fiegetof
them have been detected which are owned by théhheal
authority and engage more than 3 physicians. This
search produces an output showing health centre
providing large amount of services but not built @n
public building. This output can be used by thelthea
authority to decide about the health centers thatilsl
have the priority in having a new public building. # Heslth centers
Figure 3 describes the results of this multiple rgue B
search and indicates that several health centers in 10000
Jeddah city are located on rented buildings andgag
a lot of physicians. They are mainly located it the
southern area of the city (e.g., Ghulail and Aljame
centers). However, there are other centers lodatdte
northern part of Jeddah city (e.g.,, Alzahraa and
Alsalamah centers) with the same characteristics.

The second multiple search model is created to
define the health centers providing health cargiser
by family physicians and dentists. It defines tlealth
centers delivering large and various types of lhealt
services to the public (Fig. 4). Obviously,nso of
them such as Alrabwa, Alzahra and Alnaeem
centers meet these requirements. However, some
other centers (e.g., Alsafa and Alsohaifa) dot n
engage dentists and family physiciaas all.
The local health authority can therefore use this
technique to find quick and clear answers about any
issues related to quality and quantity of healttvises
delivered at Jeddah city.

=)
=]
=]
L=
=]
=
[
o

o

i

Fig. 3: Rented health centers with more than
physicians

Health demand at Jeddah city: The aim of this model
is define the spatial distribution of health demand
Jeddah city. In order to cover this issue, a sample
100 patients is made for the presented applicatton.
survey is made to define the location of health aledn
and to identify the profile of patients in Jeddaty.c “ Health centers
The profile covers location of patients, reason for  // Read

visiting clinic, health status and income of patiserfhe 10000 g 10000 Méters
collected data were entered into the GIS astpo
data feature and then classified based oneflegant ) ) ) )
attributes that are available in the database. Fig. 4: Health centers with family doctors and dktat
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Patients
% (Genaral clinic
¥ Padiatric clinic
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Rilomaters 10000 FON0-E000 10000 20000 Msserz
Fig. 5: t;ZIIDaesSsﬁlcanon of health demand based ariod Fig. 6: Proximity to health centers at Jeddah city

. L ) One way of defining accessibility to health cenierky
The results of this profile indicate that 40% ofipats knowing how far patients live from their nearest
are visiting general doctor clinics, 20% are Wl centers. Based on local standards, every healttercen
pediatric clinic and 20% are visiting dentist oind  ghoy|d cover a catchment area extending 2 KM radius
20% are visiting other clinics such as NET clirggna  yide. In order to define the level of accessiblealth
clinic. Figure 5 defl_nes the qut!al cla§S|f|cat|oh centers, GIS proximity analysis was used and theuu
patents at Jeddah city and classifies patientsdbase ot this model (Fig. 6) classifies the city into eent

clinics types. Health planners can use this manlglet  ;nes hased on the distance between clinic locatidn

a clear understanding about the typology of healthsty gistricts. Based on this output, several paftshe

demand in Jeddah city and to allocate health supplgity are located at areas with more than 2 KM

according to the results of this output. accessibility zone. These areas are mainly situadeith
and east of the city with some to the west.

Accessibility to health centers. The literature on

accessibility measures showed a need for quamétati CONCLUSION
indicators of accessibility for different kinds ptiblic ) ) o
services including health care. Such indicators ldiou This study discusses a GIS application for health

centers in Jeddah city. The application coversethre

main health care planning issues. These are called
didentifying the level of health services supplyfidiag
the location and characteristics of health demamd a
identifying the level of accessibility to healthrgees
. ; in Jeddah city. Each one of these issues has atdire
the nearest prowder,. average distance to a set gri)atial dimension. Therefore, the use of GIS for
providers and gravitational models of provider o5y 7ing and manipulating health data was of great
influence (Guagliardet al., 2004). Each one of these \51e and benefit. Different data sets were cadieetnd
indicators can be used to evaluate _acc_e55|b|llt)eajth captured using ArcGIS software. The outputs of this
centers. The  presented application has selecteghpjication provide health planners of Jeddah wit}
distance to provider method and produces accesgibil spatial tools for evaluating the existing locatiof
indicators to health centers in Jeddah city. health supply and demand.
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serve as instruments in the comparisons of acdhtysib
in different parts of the region and in the evahmtof
alternative plans for new service facilities an
transportation links. Examples of accessibility
indicators are: provider-to-population ratio, dista to
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