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Introduction
The aim of this paper is to discuss how GIS and spatial 
interaction models are used and applied for health care 
planning in Jeddah city, Saudi Arabia. 

The first part of the paper is focused on drawing a conceptual 
background about applications of GIS and spatial interaction 
models in health care facilities planning field.

The second part of the paper presents the outputs of a GIS 
based application for health centers in Jeddah city using 
ArcGIS software.



Part one: Defining GIS  



What is GIS and how it can be used 
for analyzing spatial data?



Defining GIS
GIS is one of the fastest growing technologies; it has 
applications in public safety, natural resource management, 
environmental analysis, utilities, and government, and is 
moving quickly into many other areas.
There are four components of GIS: 

(1) data, 
(2) hardware,
(3) software, and
(4) users. 



GIS Data
1: Vector data :vector model stores all spatial data as either a 
point, line, or polygon

2: Raster data :a girded matrix is registered to and overlaid 
on the original map manuscript. three pieces of data are 
recorded: the row coordinate, the column coordinate, and 
the attribute



GIS Models
A model is a way of describing something can 
not be directly observed 

GIS models are used to simplify the reality



The process of producing a GIS model 

Step four: 
Solving the problem by
using GIS Spatial Analysis  

Step three:
Assigning values of suitability 

of objectives 

Step two:
Break down the problem in to
objectives to be solved

Step one:
Stating the problem
(what is the best place for 

new shop)

There are four main steps to 
produce a GIS  model 



query information 
across multiple data layers

GIS Spatial Analysis Functions

With this software, the user can create

With GIS  
the user has access to many tools for spatial modeling and analysis.

query

map,

and analyze 
cell-based raster data;

perform integrated 
raster/vector analysis

derive new information from 
existing data

and fully integrate cell-based 
raster data with traditional 

vector data sources.



GIS Spatial Analysis Functions
Additionally, the user can derive information about data such 
as:

Accumulated cost of traveling from one point to another.

Terrain analysis Spatial relationships

Suitable locations



First the
Single layer operation
(Horizontal operation)

Second the 
multiplier layer operation
(Vertical operation) 

Single layer
Operation: They deals with
single data layer  

Feature 
Manipulation  

Feature
Identification 
and selection  

Feature
Classification 

Proximity
Analysis

Boundary
Operation

-Clip
-Update
-Resolve
-Erase
-Split

Based on:
-line
-point
-polygon

Spatial Analysis
=Union Procedure
=intersect
=identify  

Spatial Analysis Consist of two Groups

Union 
procedure:
Function for 
two or more
data layers to 
use a combine
coverage that 
combined the
input with
overlay to 
give gathered 
information.

Intersect:
This also
must deal with
a polygon 
coverage file 
in order to 
analyze two 
polygon maps.   

Identify:
when using 
identify function
every
identical 
data is collected 
and the out put is 
coverage file.

1.Buffering. 
2. Overlay 

analysis.



Creating Comprehensive 
modeling and raster analysis 
capabilities.

GIS Spatial Analysis  Functions are used for:

Creating data. Identifying Spatial Sites. Locating Suitable Sites.

Executing Sophisticated Path-finding.



ArcGIS Spatial Analyst capabilities

Convert vector features (point, line, or polygon) to grids

•Calculate distance from every cell to objects of interest 

•Generate density maps from point features 

•Create continuous surfaces from scattered point features

•Derive contour, slope, aspect maps, and hill shades for these   features

•Perform cell-based map and discrete cell-by-cell analyses

•Simultaneously execute Boolean queries and algebraic 
calculations on multiple raster layers 

•Perform neighborhood and zone analysis 

•Perform raster classification and display

•Use data from different   image formats





Part Two: Spatial interaction models
Spatial interaction or "gravity models" estimate the flow of 
people, material or information between locations in 
geographic space.

Factors can include origin propulsive variables such as the 
number of commuters in residential areas, destination 
attractiveness variables such as the amount of office space in 
employment areas, and proximity relationships between the 
locations measured in terms such as driving distance or travel 
time.

http://en.wikipedia.org/wiki/Gravity_model


Spatial interaction models are represented in the following 
formula:
Sij = Ai x Oi x Wj x f (Cij)

Where
Sij is the flow of peoples from residential area i to

retail center j.
O i is a measure of demand in area i,
W j is a measure of attractiveness of center j,
C ij is a measure of the cost of travel or distance  between i and 
j, and
Ai is a balancing factor.



The application database
One of the main tasks that should be looked at carefully 
during the building of any GIS application, is regarding 
creating the required data and then integrating these data 
within the GIS application. 

These data fall into three main GIS data features known as:

points (Health centers)

Lines (Road network of Jeddah city),  and

polygons (City population districts).



The supply side
Spatial distribution of health services 

• The following figures shows the output of health centers supply in 
Jeddah city.

• Fig. 1 presents the spatial distribution of health centers. 
• Fig. 2 shows a classification model for a health centre based on the 

number of physicians . 
• Fig. 3 demonstrates health centers based on the number of nurses. 
• Fig. 4 presents health centers classification based on x-ray staff.
• Fig. 4 shows health centers service areas.



Fig. 1 
The spatial 
distribution of 
health centers. 



Fig. 2
classification 
of health 
centres 
based 
number of 
physicians . 



Fig. 3 
Health centres based on 
the number of nurses. 



Fig. 4
Health centers 
classification based 
on x-ray staff.



Fig.5
Health centers 
service areas



The Demand Side

Fig. 6
Population 
Distribution



The Demand Side

Fig.7
Population 
density 
increased near 
to city center 
and decreased 
at northern city 
districts.



The Demand Side

Fig.8
Patients Distribution



The Demand side

Fig. 9
Patients and population 
distribution



Spatila interaction models for health 
care services

One of the important tasks which local health care planner 
should study is related to the definition of health demand flows.  
This kind of analysis is not only showing the catchment area of 
certain health facility but it also defines the level of patient 
flows within the catchment area.  
Such flows will vary based on several issues including size of 
health center and distribution of health demand.  Such flows can 
be defined using spatial interaction models. 
These models allocate flows of certain facility demand between 
origin and destination zones on the basis that flows are 
proportional to the relative attractiveness and accessibility of 
the destinations 



The number of interaction occurring between two places 
depends upon two important factors that are the 
properties of the places and the costs of interactions that 
are usually based as the distance between the two places.

In order to map out the results of this model, two health 
centers are selected which are North Obhur and South 
Iskan centers. Both results (Fig 10 & 11) show the 
decreasing zones of interaction for the selected centers due 
to distance decay and proximity to competitors.



Fig 10  Predicted demand flows to North Obhur health center Fig. 11  Predicted demand flows to South Iskan health center



Conclusion
The present study have used several GIS function and 
models for the purpose of defining spatial accessibility to 
health centers in Jeddah city. 

Health care and retail  planners at Jeddah city can use these 
models to evaluate the current status of centers locations. 

One of the main results founded from the created models 
is that there is a need to increase the current supply of 
health centers at Jeddah city. 

This increase if implemented, a better health care service 
will surely be achieved at Jeddah city.



Thank you
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