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Abstract 
In this study, accessibility and location-allocation models have been inte-
grated into GIS to improve spatial planning and environmental sustainability 
of health services in Al-Madinah Al-Munawwarah. This integration provides 
a planning framework in order to check the efficiency of the spatial allocation 
of health services and to generate alternatives either by proposing an active 
service or to improve an existing one. To achieve these objectives, the acces-
sibility to the service area was analyzed within the analysis of health services 
networks, which are divided into eight types: public hospitals, specialized 
hospitals, health units, healthcare centers, infirmaries, clinic complexes, the 
Red Crescent Center, and ambulance facilities, with time intervals of (5 mi-
nutes - 10 minutes - 15 minutes) to access coverage ranges, and the loca-
tion-allocation model was used based on the maximum coverage model 
within a response time not exceeding 15 minutes, The results of the study re-
vealed the poor distribution of health services Al-Madinah Al-Munawwarah 
suffers from weak accessibility to health services coverage areas and is unable 
to meet the needs of its population at present. The current need for health 
services reached twenty-four locations, including two public hospitals, three 
specialized hospitals, two health centers, three ambulance facilities, four in-
firmaries, three clinic complexes, four health units, and three Red Crescent 
centers. 
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1. Introduction 

In recent years, the evaluation and planning of health services have received 
wide attention on the regional and urban scale because of its obvious impact on 
human development that requires efficient performance, which helps the city to 
perform its functions and activities successfully [1] [2] [3] [4]. Increasing the ef-
ficiency of health services and creating a developed residential environment has 
its effect on economic development. Demand for rational and accessible health-
care location planning has attracted widespread attention from researchers, 
planners, government agencies, especially with the global trend of massive pop-
ulation growth, increasing disease and environmental degradation. The prob-
lems of selecting health services locations have become increasingly noticeable in 
human society [5] [6], which hinder economic growth, as well as increase mor-
tality rates in some developing cities. The treatment technology and medical 
equipment for most of the hospitals may not meet demand because of the un-
derdeveloped economy [7]. Therefore, the completion of basic healthcare ser-
vices should be prioritized in cities as a vital element in strategic management. 

The integration of location-allocation and accessibility models provides a frame- 
work for investigating the use of health services and generating alternatives ei-
ther to propose an effective service or to improve health services [8]. Accessibil-
ity to health services indicates the relative ease with which health services can be 
accessed from a particular location [9] [10]. Many factors may affect access to 
health services, such as the availability of health services in the region (supply), 
the size of the population in the area (demand), geographical barriers between 
supply and demand, and others [11]. 

The allocation of spatial balance of public utilities is an effective approach to 
maximize social welfare through rational allocation of public resources [12]. The 
manner of balancing equity and efficiency is an important step to achieving spa-
tial balance in the distribution of public service resources [13]. However, in 
many circumstances during the city development process, the authorities con-
cerned tended to focus more on equality or efficiency at certain stages of devel-
opment, taking into account the level of social and economic development. The 
geographical redistribution of health services is the necessary approach to cor-
rect the misallocation of service resources. Moreover, converting public hospitals 
allocation from relatively sharp spatial variation to moderate equilibrium has 
become a major focus in some domains in recent years such as planning, man-
agement, and geography [14] [15] [16]. 

Many studies [17] [18] have proven the feasibility of location analysis studies 
in urban and regional planning services. One of the most important of these 
tools is quantitative modeling for accessibility analysis and location-allocation. 
Accessibility analysis and location-allocation modeling studies provide a spatial 
and quantitative comparison to assess the efficiency of previous local planning 
decisions and work to generate alternatives to either propose more efficient ser-
vice systems or to improve existing systems where the responsible local planning 
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decisions taken by governments or local leaders are often far from ideal. 
It is a well-known fact that basic healthcare services cannot reach the majority 

of the population because of poor geographic access unless quantitative loca-
tion-allocation and GIS models are used. The city’s urban expansion, infrastruc-
ture development, and changes in population density affect the spatial distribu-
tion of health services, and the above challenges make the use of effective health 
services more difficult [19]. 

Researchers have many interests in studies of health services; some of them 
are interested in highlighting the pattern of geographical distribution of health 
services, and then evaluating this pattern through the study of the characteristics 
of beneficiaries and analysis of obstacles affecting the efficiency of these services 
and location selection and the impact of the location on various medical facilities 
[20] [21]. Bennett [22] and Phillips [23], among others, discussed location selec-
tion and the impact of the location on various medical facilities. Another trend 
was concerned with the spatial distribution of health services in relation to pop-
ulation growth rates and the evolution of the number of health service centers 
[24]. A third trend was concerned with using some theories to assess the distri-
bution of health services such as the Central Place Theory and Models of Loca-
tion of Facilities to improve accessibility to services and to achieve economic ef-
ficiency of distribution [25]. Others were interested in studying the regional 
availability model [26], nucleus density models, [27], gravity model [28], and 
gatherings area models [29]. Furthermore, some have turned to the use of 
GIS-based location-allocation models [30] [31] [32] [33] and spatial analysis and 
calculation [34]-[39]. Moreover, the construction or improvement of hierarchic-
al, random, competitive multi-objective location-allocation models and other 
complex models have gained great interest from most planners in the last decade 
[31] [32] [40] [41] [42] [43]. 

One of the most important studies on accessibility is the study of Abdulkader 
[44] on the use of GIS in determining the differences in accessibility to health 
services in Jeddah. The study tackled the analysis of the service access area with-
in the analysis of the road network inside GIS environment. Francisco et al. [45] 
study on the possibility of equitable access to health services in Extremadura 
(Spain), which examined network and spatial analysis to assess and guide deci-
sions on accessibility to health services; and Peter et al. [46] study on emergency 
services planning using Geographic Information Systems based on geographic 
accessibility analysis. The study examined the methodology of analyzing the ser-
vice access area within the analysis of the road network within the GIS environ-
ment. 

The study of Rudzi and Fini [47] on the development of accessibility models 
to maximize the overall service area by application to fire stations in Jakarta, In-
donesia, where the study dealt with a methodology that develops the analysis of 
the service access area within the analysis of road networks within the GIS envi-
ronment to maximize the service area as well as the Honadi study [48] on mea-
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suring access to primary health care centers in Johannesburg, where the study 
examined access to primary health care centers in an urban area, using the me-
thodology to analyze the service access area in the analysis of road networks 
within the GIS environment. 

As for studies on location-allocation, there is a study by Rahman and Smith 
[8] on the use of location-allocation models in health service development plan-
ning in developing countries. This study tackled the suitability of the loca-
tion-allocation models to design health care systems and its importance in re-
levance to the problems of overall development in those countries, and the Gus-
tavo study [49] on location-allocation models applied to urban public services. 
The spatial analysis of primary health care centers in Logan, Argentina, where 
the study examined the spatial analysis of health care centers using allocation 
models in the GIS software and the identification of suitable locations for the es-
tablishment of new health centers for equitable spatial distribution, and the Gina 
et al. study [50] on the location-allocation and accessibility models to improve 
spatial planning for public health services. The study examined the integration 
of accessibility and location-allocation models in GIS as a proposed strategy for 
improving spatial planning for public health services. 

Tom and Edward’s study [51] on a GIS-based location-allocation model for 
improving access to health care facilities in Mount Elgon sub-district, the study 
examined the use of the GIS-based allocation model to improve geographical 
accessibility to health care services in the Elgon sub-district, and the Irene et al. 
study [52] on the improvement of the problem of location-allocation for phar-
maceutical warehouses: a case study in Gaziantep, where the study dealt with the 
improvement of the problem of allocating the locations of pharmaceutical ware- 
houses by applying to a city (Gaziantep) using the mathematical models P-center 
and P-median. 

Beheshtivar et al. [53] introduced a multi-goal location-allocation model that 
takes into account four objectives: reducing overall travel cost, unequal access to 
the clinic, incompatibility of land use in the study area, land acquisition costs 
and establishment of a facility in optimal locations for new clinics. Weidner and 
Horner [54] presented a model for the average hierarchy model based on GIS 
and strategies for spatial improvement to identify relief distribution points, the 
model aims to reduce travel costs for the different demand levels associated with 
the appropriate facility providing different relief services. 

Through the presentation of previous studies, it has been found that there is 
no study in the field of the subject of the current research, which is the integra-
tion of accessibility models and the allocation of location in GIS in order to 
improve the spatial planning of health services conducted in Al-Medina, and 
therefore this study is unique as one of the first Studies in the Arab Library that 
apply this approach to Al-Medina, it is also noticeable that there is a section of 
these studies listed in the context of previous studies consistent with the pre-
vious study in improving the spatial planning of health services by applying ac-
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cessibility models and customizing the site in systems Geographical information. 
The current study to improve the spatial planning of health services in Al- 

Madinah Al-Munawwarah emphasizes the hypothesis that neglecting the as-
sessment and planning of health services and its integration with accessibility 
models and location-allocation leads to the shrinking of an essential part of the 
land use in Al-Madinah Al-Munawwarah and prejudices the requirements of its 
success. This leads to the lack of a suitable environment to meet the health needs 
of the population. 

This study seeks to determine the efficiency of the spatial distribution of 
health services and its compatibility with the distribution of residential districts 
in Al-Madinah Al-Munawwarah, and to verify the functional appropriateness 
required and propose new locations according to a new and unique approach 
combines accessibility to assess the efficiency of the spatial distribution of health 
services and to determine the current and future needs of different health ser-
vices in Al-Madinah Al-Munawwarah according to the application of loca-
tion-allocation models. 

2. Study Area 

Al-Madinah Al-Munawwarah is located northwest of Saudi Arabia at the con-
fluence of longitude 39˚36’E with latitude 24˚28’N and its area is 590 km2. The 
built area covers about half this area and the city is about 150 km away from the 
city of Yanbu’ on the Red Sea coast to the west, the latter is the sea gate for the 
visitors of the city. Al-Madinah Al-Munawwarah is 400 km away from Jeddah, 
the main port, and it is 980 km away from Riyadh, the capital of the Kingdom 
(Figure 1, Figure 2).  

Al-Madinah Al-Munawwarah is considered the second most important Is-
lamic cities after Holy Mecca. Its importance is derived from the presence of the 
Prophet’s Mosque; Al-Madinah is also one of the holy cities that non-Muslims 
are not allowed to visit. Al-Madinah occupies a natural hillside basin more than 
600 meters above sea level. The city is surrounded by a group of volcanic moun-
tains, with the exception of its northern sides. 

The population of Al-Madinah Al-Munawwarah doubled during the period 
1974-2019 nearly 7.5 times from 198,055 people in 1974 to 1,487,478 people in 
2019 as a result of the natural increase on the one hand and the increase in the 
population of arrivals. The increase during this period was about 1,289,423 
people, and the increase was spread over 45 years, with a growth rate of 4.58% 
and an average annual increase of 28,654 people during that period. The period 
1974-1992 is the highest rate of population growth in the history of Al-Madinah 
Al-Munawwarah as the annual growth rate has reached 6.44%, while the period 
2013-2016 reached the highest average annual increase by 37,224 people. 

3. Study Methodology and Data Processing 

This study combines performing accessibility analysis based on service area 
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analysis to assess the current situation of health services in Al-Madinah Al-Mu- 
nawwarah and determine the coverage area according to the established time in-
tervals and analysis of the location-allocation to plan for the future of health ser-
vices in Al-Madinah Al-Munawwarah, identify the deficit, and suggest new 
suitable locations for them if necessary. Network analysis within the GIS envi-
ronment is one of the most important tools used for this purpose for its close 
connection with the road network, which is the main means of transport. Also, 
some methods of spatial and statistical analysis were used in GIS when evaluat-
ing the type of spatial distribution of health services. The methodology of as-
sessing and planning health services in Al-Madinah passed through five main 
stages through a software Arc GIS as shown in Figure 3. 
 

 
Figure 1. The location of AL-Madinah Al-Munawwarah in the Kingdom of Saudi Ara-
bia in 2019. 
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Figure 2. The districts of Al-Madinah in 2019. 

 

 
Figure 3. Stages and methodology of work followed in the study. 
 

The first stage was the collection of data needed to analyze surface networks 
such as road and service location layers, and descriptive information such as 
road link information (distance, time spent, waiting, speed, and directions), and 
all spatial data were then incorporated into a unified projection system to conso-
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lidate outcomes and outputs. 
The second stage was the implementation of topological construction on the 

roads layer in order to look for problems and spatial faults in them and treat 
them according to spatial controls of the surface network analysis. The third 
stage dealt with recording the metadata of the road links to the attribute table to 
function as weights for comparison when analyzing surface networks. 

The fourth stage dealt with the construction of the road-network Network 
Dataset on the road layer after processing and recording weights within the GIS 
environment. The fifth stage is conducting accessibility analysis based on Ser-
vice Area analysis to assess the current situation of the health services in 
Al-Madinah and determine the area of coverage according to time intervals (5 
minutes - 10 minutes - 15 minutes). The implementation of analysis comes after 
the construction of the road network, where the analysis layer is added from the 
surface network analysis toolbar Network Analysis After activation, the proper-
ties of the analysis layer are then defined such as: Impedance Weight (distance 
or time) and its value, and configuration of outputs on the boundaries of the 
road network Trim Polygon, and merging the resulting domains (Merge by De-
fault Break), after configuring the analysis layer properties.  

The spatial location layer for services Facilities has been added inside theNet-
work Analysis Window, And network solution Solve to obtain the results, the 
results were divided on the administrative boundaries of the study area to de-
termine the percentage of service coverage from each administrative department 
and to determine the degree of coverage. Figure 4 shows the constructional 
model for analyzing the accessibility to health services in Al-Madinah Al-Mu- 
nawwarah.  

Stage five also included a location-allocation analysis Location-Allocation To 
plan the future of health services in Al-Madinah, identify the deficit, and suggest 
new suitable locations for them, if necessary, and the implementation of this 
analysis comes after the construction of the road network, where the analysis 
layer is added from the surface network analysis toolbar Network Analysis after 
it is activated, the properties of the analysis layer (such as the standard of analy-
sis Impedance Weight (Distance or time), its value, and the number of allocation 
services Facilities to Choose, and allocation duration Impedance Cutoff, type of 
allocation model Location Problem Type. Figure 5 shows the structural model 
for the analysis of the allocation of the location to health services in Al-Madinah.  

The analysis of location-allocation includes seven models [55] [56], and the 
maximum coverage model [8] has been used, whose formula states: 

{ }Maximize i ii IF a x
∈

= ∑                      (1) 

where: I: Set of demand points, a_i: Distance between request coverage limits, 
viewpoints, time duration, or population as weight, x_i: Site allocation coeffi-
cient with only two values (0, 1).  

After configuring the analysis layer properties and choosing the type of alloca-
tion, the spatial locations of the services were added facilities and the demand 
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pointsDemand Pointwere added, which are the administrative sections of the 
study area after they have been converted to a bitmap layer within a window 
Network Analysis Window, and network solution Solve For the results, addi-
tional sites were proposed for the services to be allocated to all administrative 
departments of the study area. 

 

 
Figure 4. Structural model for accessibility analysis of health services in Al-Madinah. 

 

 
Figure 5. Structural model of location-allocation analysis for health services in Al-Madinah. 
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The study was based on the official government digital sources provided by the 
Secretariat of Al-Madinah. Almost eleven digital layers were obtained, and they are 
represented in the layers: the administrative boundaries of Al-Madinah, the ad-
ministrative division of Al-Madinah, and the boundaries of districts of Al- 
Madinah, and the provision of about eight different layers of health services in-
cluding hospitals, public hospitals, specialized hospitals, health units, infirmaries, 
clinic complexes, health centers, Red Crescent centers and ambulance facilities. 

4. Results and Discussion 
4.1. Accessibility Analysis for Health Services in Al-Madinah 
4.1.1. Public Hospitals 
The results of the accessibility to public hospitals service during the five, ten and 
fifteen minute intervals, (Figure 6), revealed that the districts that can access the 
public hospitals service within five minutes via the road network and according 
to the speed limit are 88 districts out of the 107 districts in Al-Madinah with a 
percentage of 82.2% of the total number of Al-Madinah districts. The number of 
districts that cannot access public hospitals within five minutes are 19 districts 
which make up 17.8% of the total districts of Al-Madinah and these districts are: 
Nubala’a, Rahat, Al-Jissah, Bani Bayada, Al-Sharae’, Umm As-Suyouf, Khakh, 
Al-Muzayin, Al-Naqmi, Al-Sahwa, Al-Sadd Al-Ghaba, Al-Ghaba, Al-Sadeqiya, 
Al-Mufrahat, the Industrial City, Al-Sahlouj, Al-Balqa’a, Kittaneh and Wadi 
Al-Hamd, while all districts of Al-Madinah Al-Munawwarah can reach public 
hospitals in ten minutes, fifteen minutes via the road network according to the 
speed limit. 

4.1.2. Specialized Hospitals 
The results of the accessibility to the specialized hospitals service during the in-
tervals of five, ten and fifteen minutes, (Figure 7), revealed that the districts that 
can access the service of specialized hospitals within five minutes through the 
road network and according to the speed limit are 79 districts out of the total 
number of the 107 districts in Al-Madinah with a percentage of 73.8%. The 
number of districts that cannot access the service of specialized hospitals within 
five minutes is 28 districts which constitute 26.7% of the total districts in 
Al-Madinah and these districts are: Rahat, Al-Jissah, Sharae’, Umm As-Suyouf, 
Khakh, Al-Muzayin, Al-Naqami, Al-Matar, Al-Khadra’, Abu Sidr, Sahwa, Sadd 
Al-Ghaba, Al-Ghaba, Al-Aqoul, Al-Anahi, An-Nakhil, As-Sadeqiya, Al-Mafra- 
hat, The Industrial City, Wadi Al-Battan, Hududa’, Tayba, Sahlouj, Balqa’, 
Az-Zahra, Kittaneh, Al-Hafia, and Wadi Al-Hamed, and the number of districts 
that can reach specialized hospitals services during ten minutes through the road 
network according to the speed limit are 106 districts of the 107 districts of 
Al-Madinah which constitute 99.1% of the total districts of Al-Madinah. 

The number of districts that cannot access the specialized hospitals service 
within ten minutes is one district which constitutes 0.9% of the total districts of 
Al-Madinah, the district of As-Sahwa, while all districts of Al-Madinah can 
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reach the service of specialized hospitals within fifteen minutes via the road 
network and according to the speed limit. 

 

 
Figure 6. Accessibility to public hospitals based on service area analysis. 

 

 
Figure 7. Accessibility to Specialized hospitals based on service area analysis. 
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4.1.3. Primary Health Centers 
The results of the accessibility of the PHC service during the five, ten and fifteen 
minute intervals, (Figure 8), revealed that the districts that can access the PHC 
service within five minutes via the road network according to the speed limit are 
90 out of the 107 districts in Al-Madinah which constitutes 84.1% of the total 
number of districts in Al-Madinah. The number of districts that cannot access 
the primary health centers within five minutes 17 districts which constitutes 
15.9% of the total districts of Al-Madinah which are Al-Jissah, Sharae’, Umm 
As-Suyouf, Khakh, Al-Muzayin, Al-Naqami, As-Sahwa, Sadd Al-Ghaba, Al-Ma- 
farahat, The Industrial City, As-Sahlouj, Al-Balqa’, Al-Anahi, Ar-Rummanah, 
Wadi Al-Battan, Hududa’, and Wadi Al-Hamed while all Al-Madinah districts 
can access PHC service within time intervals of ten and fifteen minutes through 
the road network according to the speed limit. 

4.1.4. Infirmaries 
The results of the accessibility to the infirmaries service within the five, ten and 
fifteen minute intervals, (Figure 9), the number of districts that can access the 
infirmaries service within five minutes through the road network according to 
the speed limit is 81 out of the 107 districts in Al-Madinah which constitutes 
75.7% of the total number of districts in Al-Madinah. The number of districts 
that cannot access the infirmaries within five minutes are 26 districts which con-
stitutes 24.3% of the total districts in Al-Madinah and these districts are: Rahat,  
 

 
Figure 8. Accessibility to health centers based on service area analysis. 
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Figure 9. Accessibility to infirmaries based on service area analysis. 

 
Al-Jissah, Sharae’, Umm As-Suyouf, Khakh, Al-Muzayin, An-Naqami, Al-Matar, 
Al-Khadra’, Abu Sidr, As-Sahwa, Sadd Al-Ghaba, Al-Mufrahat, the industrial 
city, As-Sahlouj, Al-Balqa, Bani Bayada, Nubala’, As-Sakb, Ash-Shahba’a, Ash- 
Shafiyah, “Ayra, Al-Sina’ah, Al-Hasa”, Warkan, and Abu Markhah. The number 
of districts that can access the infirmaries service within ten minutes via the road 
network and according to the speed limit are 106 districts out of 107 districts in 
Al-Madinah which constitutes 99.1% of the total districts in Al-Madinah. The 
number of districts that cannot access the infirmaries services within 10 minutes 
is one district which is 0.9% of the total districts in Al-Madinah, which is 
As-Sahwa district. All of the districts in Al-Madinah can access the infirmaries 
service within fifteen minutes through the road network according to the speed 
limit. 

4.1.5. Ambulance Facilities 
The results of the accessibility to the ambulance service during the five, ten and 
fifteen minute intervals, (Figure 10), the number of districts that can access the 
ambulance service within five minutes is 72 districts of the 107 districts in 
Al-Madinah which constitutes 67.3% of the total number of districts in Al-Ma- 
dina, and the number of districts that cannot access the ambulance 35 districts 
which constitutes 32.7% of the 107 districts in Al-Madinah which are Rahat, 
Al-Jissa, Al-Sharae’, Umm As-Suyouf, Khakh, Al-Muzayin, An-Naqmi, Al- 
Mattar, Al-Khadra’, Abu Sidr, As-Sahwa, Sadd Al-Ghaba, Al-Ghaba, Al-Aqoul, 
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Al-Anahi, As-Saiqiyah, Al_mifrhat, the industrial city, Wadi Al-Battan, Hadou-
da’, AS-Sahlouj, Wadi Al-Hamed, Al-Ghara’, Ar-Roumanah, Nubala’, As-Sakb, 
Eira, Ash-Shafiyah, Al-Hisa’, Warkan, Ein Al-Kheif, As-Sina’eiah, As-Sikka, Abu 
Markha, and Katana. The number of districts that can access the ambulance ser-
vice within ten minutes via the road network and according to the speed limit is 
103 of the 107 districts in Al-Madinah which is 96.3% of the total districts in 
Al-Madinah, the number of districts that cannot access the ambulance facilities 
service within ten minutes are four districts which make 3.7% of the total dis-
tricts in Al-Madinah and these districts are: Abu Sidr, As-Sahwa, As-Sahlouj, 
and Al-Balqa’, while all districts in Al-Madinah can access the ambulance facili-
ties service within fifteen minutes via the road network according to the speed 
limit. 

4.1.6. Clinics Complex 
The results of the accessibility to the clinics complexes service within five, ten 
and fifteen minute intervals, (Figure 11), revealed that the districts that can 
access the clinics complexes service within five minutes via the road network 
and according to the speed limit are 72 districts of the 107 districts in 
AL-Madinah which constitutes 67.3% of the total number of districts in 
Al-Madinah. The number of districts that cannot access the clinics complexes 
service within five minutes are 35 districts constituting 32.7% of the total dis-
tricts in Al-Madinah and these districts are: Warhat, Al-Jissah, Ash-Sharae’,  
 

 
Figure 10. Accessibility to ambulance facilities based on service area analysis. 
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Figure 11. Accessibility to clinic complexes based on service area analysis. 

 
Umm Al-Suyouf, Khakh, Al-Muzayin, An-Naqmi, Al-Matar, Al-Khadra’, Abu 
Sidr, As-Sahwa, Sadd Al-Ghaba, Al-Mufrahat, the Industrial City, As-Sahlouj, 
Al-Balqa’, Nubala’, As-Sakb, Al-Shafia, Aira, Al-Hassa’, Bani Bayada, Ar-Rum- 
manah, Jabal Ir, Al-Ghaba, Al-Aqol, Al-Anahi, King Fahd, Ain Al-Khaif, Al- 
Hadraa, Hadawda’, Kattanah, Al-Hafia, Wadi Al-Hamed, and Wadi Al-Battan. 
The number of districts that can access the service of clinics complexes within 
ten minutes via the road network according to the speed limit is 105 districts out 
of the 107 districts in Al-Madinah which constitutes 98.1% of the total number 
of districts in Al-Madinah,  

The number of districts that cannot access the clinics complexes service with-
in ten minutes is two of the districts constituting 1.9% of the total number of 
districts in Al-Madinah and these districts are: As-Sahwa and Abu Sidr, while all 
districts in Al-Madinah can access the clinics complexes service within fifteen 
minutes via the road network according to the speed limit. 

4.1.7. Health Units 
The results of the accessibility to the health units service within five, ten and fif-
teen minutes time interval, (Figure 12), revealed that the districts that can access 
the health units service within five minutes via the road network and according 
to the speed limit are 68 districts of the 107 districts in Al-Madina constituting 
63.6% of the total number of districts in Al-Madinah. The number of districts 
that cannot access the health units service within five minutes are 39 districts 

https://doi.org/10.4236/jgis.2019.116039


A. Abdelkarim 
 

 

DOI: 10.4236/jgis.2019.116039 648 Journal of Geographic Information System 
 

constituting 36.4% of the total number of districts in Al-Madinah. These dis-
tricts are: Ash-Sharae’, Umm As-Suyouf, Khakh, Al-Muzayin, An-Naqmi, Al- 
Matar, Al-Khadra’, Abu Sidr, As-Sahwa, Sad Al-Ghaba, the industrial city, 
As-Sahlouj, Al-Balqa’, As-Sakb, Al-Hasa’, Ar-Rummanah, Al-Ghaba, Al-Aqol, 
Al-Anahi, Ein Al Kheif, Al-Hadra’, Hadouda’, Kattanah, Al-Hafia, Wadi Al- 
Hamed, Wadi Al-Battan, Ash-Shafiyah, Ash-Shahba’, As-Sina’ya, Abu Kabir, 
Warkan, As-Saiqiyah, As-Salam, Al-Mifrhat, As-Sikka, Abu Markha, Az-Zuhra, 
Ad-Difa’, and Al-Aziziah. The number of districts that can access the health 
units service within ten minutes via the road network according to the speed 
limit is 102 districts out of the 107 districts in Al-Madinah which constitutes 
95.3% of the total number of districts in Al-Madinah. The number of districts 
that cannot access the health units service within ten minutes is five districts 
constituting 4.7% of the total number of districts in Al-Madinah and these dis-
tricts are: As-Sahwa, Al-Mifrhat, the industrial city, As-Sahlouj, and Al-Balqa’. 
All districts in Al-Madinah can access the health units service within fifteen mi-
nutes via the road network according to the speed limit. 

4.1.8. Red Crescent 
The results of accessibility of the Red Crescent service within five, ten and fifteen 
minutes intervals, revealed that the districts that can access the Red Crescent 
service within five minutes via the road network and according to the speed limit 
76 districts of the 107 districts in Al-Madinah constituting 71% of the total 
number of districts in Al-Madinah. 

 

 
Figure 12. Accessibility to health units based on service area analysis. 
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The number of districts that cannot access the Red Crescent service in five 
minutes is 31 districts constituting 29% of the total districts in Al-Al-Madinah, 
which are: Ash-Sharae’, Umm As-Suyoouf, Khakh, Al-Muzayin, An-Naqmi, 
Al-Matar, Al-Khadra’, Abu Sidr, As-Sahwa, Sadd Al-Ghaba, the industrial city, 
As-Sahlouj, Al-Balqa’, Ar-Rummanah, Al-Ghaba, Hadouda’, Kitanna, Al-Hafia, 
Wadi Al-Hamed, Wadi Al-Battan, Ash-Shafiyah, As-Sadiqiah, Al-Mifrhat, Az- 
Zahra, Nubala’, Rahat, Al-Jissa, Al-Baraka, An-Nakhil, Aira, and Tiba. 

The number of districts that can access the Red Crescent service within ten 
minutes via the road network and according to the speed limit is 101 of the 107 
districts in Al-Madinah constituting 94.4% of the total districts in Al-Madinah, 
and the number of districts that cannot access the service The Red Crescent in 
ten minutes is six districts constituting 5.6% of the total districts in Al-Madinah 
and these districts are: As-Sahwa, Abu Sidr, Sadd Al-Ghaba, Al-Balqa’, Ketana, 
and Wadi Al-Hamed. All districts of Al-Madinah can access the Red Crescent 
service in fifteen minutes via Road network according to the speed limit, Figure 
13. 

4.2. Area of Coverage of Health Services Combined for Districts in  
Al-Madinah 

At this stage the algebraic addition Raster’s Sum was performed for the maps of 
health services resulting from network analysis of 8 different health services: 
public hospitals, specialized hospitals, health units, healthcare centers, infirma-
ries, clinic complexes, Red Crescent Center, and ambulance facilities within the 
GIS environment Arc GIS From the Toolbox, and the Spatial Analysis Toolbox 
was selected Spatial Analyst Tool and a selection of calculations on maps was se-
lected from it Map Algebra then the Raster Calculator tool. The results are as 
shown on the map (Figure 14), which shows the classification of the coverage 
area of health services in Al-Madinah in terms of access to health services as fol-
lows: 

4.2.1. Districts with High Health Services: (Coverage Ranges from  
90% to 100%) 

The results of the analysis of the spatial suitability map and the spatial efficiency 
map of the health services in Al-Madinah revealed that there are fifty-seven dis-
tricts representing about 53.3% of the total districts of Madinah with very good 
level of health services, so they have high spatial suitability to live in for the ease 
of accessing these services with the least distance and fastest time. These districts 
are inhabited by most of the city’s inhabitants. They cover an area of 213.8 
square kilometers, representing 9.3% of the total area of the city. They are dis-
tricts that have benefited from their unique geographic location and their or-
ganic fabric that has clear limits. The nucleus contains the old building of 
Al-Madinah Al-Munawwarah, and the distribution of services in these districts 
was influenced by the city plan, which in turn was affected by many geographical 
controls that was formed, especially the dense road network. Moreover, most of 
the districts in this group have high occupancy and construction rates and have 
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high population density. All of these factors made this group have the best cov-
erage of public services in Al-Madinah Al-Munawwarah. 
 

 
Figure 13. Accessibility to Red Crescent centers based on service area analysis. 

 

 
Figure 14. Classification of health services coverage based on arithmetic 
addition (Raster’s Sum). 
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4.2.2. Districts with Medium Health Services: (60% - 90% Coverage) 
This group includes forty-six districts representing about 43% of the total dis-
tricts in Al-Madinah, and is considered the second group in terms of population 
and population density in Al-Madinah, and they cover an area of about 880.8 
square kilometers, representing about 38.4% of the total area of Al-Madinah. 

4.2.3. Districts with Low Health Services: (Covered Less Than 60%) 
This group includes four districts representing about 3.7% of the total districts in 
Al-Madinah, and these districts are inhabited by very few inhabitants of 
Al-Madinah, living on an area of about 1199.63 square kilometers, representing 
about 52.3% of the total area of Al-Madinah. These districts are: Umm As- 
Suyouf, Hadouda’, As-Sahwa, and Sadd Al-Ghaba. These districts are concen-
trated in the north and south-east of Madinah, and the reasons for having low 
health services is due to its distance from the old nucleus of the city, the weak-
ness of the road network, and its vast area in comparison to the rest of the city 
districts, which necessarily makes large parts of them inappropriate for housing, 
especially with the complex and intermingling topography of the city. 

4.3. Location-Allocation Model to Determine Current Needs and  
Future Planning of Health Services 

4.3.1. General Hospitals 
The allocated locations, i.e. the centers of Al-Madinah districts that received the 
service of public hospitals in the prescribed response period (15 minutes) is 103 
districts, which constitutes 96.3% of the 107 districts in Al-Madinah, and the 
number of sites that did not receive public hospitals service is four districts, which 
constitutes 3.7% of the 107 districts in Al-Madinah. These districts are: Hadouda’, 
Umm As-Suyouf, Sadd Al-Ghaba, and As-Sahwa. It has been suggested to add 
two more public hospitals in order to service the biggest number of unserviced 
districts, and at the same time the cost of construction is low, Figure 15. 

4.3.2. Specialized Hospitals 
The allocated locations, i.e. the centers of Al-Madinah districts that received the 
service of specialized hospitals in the prescribed response time (15 minutes), is 
102 districts, which constitutes 95.3% of the total districts in Al-Madinah. The 
number of locations that did not receive the service of specialized hospitals is 
five districts constituting 4.7% of the 107 districts of Madinah. These districts are 
Hadouda’, Umm As-Suyouf, Sadd Al-Ghaba, As-Sahwa and Wadi Al-Battan. It 
has been suggested to add three more hospitals in order to service the biggest 
number of unserviced districts, and at the same time the cost of construction is 
low, Figure 16. 

4.3.3. Primary Health Centers 
The allocated locations, i.e. the centers of Al-Madinah districts that received the 
service of health centers in the prescribed response time (15 minutes), is 103 
districts, which constitutes 96.3% of the total districts in Al-Madinah. The num-
ber of locations that did not receive the service of health centers is four districts 
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constituting 3.7% of the 107 districts of Madinah. These districts are Hadouda’, 
Umm As-Suyouf, Sadd Al-Ghaba, and As-Sahwa. It has been suggested to add 
two more health centers in order to service the biggest number of unserviced 
districts, and at the same time the cost of construction is low, Figure 17. 
 

 
Figure 15. Suggested locations for public hospitals based on location-allocation. 

 

 
Figure 16. Suggested locations for specialized hospitals based on location-allocation. 
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Figure 17. Suggested locations for health centers based on location-allocation. 

4.3.4. Ambulance Facilities 
The allocated locations, i.e. the centers of Al-Madinah districts that received the 
service of ambulance facilities in the prescribed response time (15 minutes), is 
102 districts, which constitutes 95.3% of the total districts in Al-Madinah. The 
number of locations that did not receive the service of ambulance facilities is five 
districts constituting 4.7% of the 107 districts of Madinah. These districts are 
Hadouda’, Umm As-Suyouf, Sadd Al-Ghaba, As-Sahwa and Wadi Al-Battana. It 
has been suggested to add three more ambulance facilities in order to service the 
biggest number of unserviced districts, and at the same time the cost of con-
struction is low, Figure 18. 

4.3.5. Infirmaries 
The allocated locations, i.e. the centers of Al-Madinah districts that received the 
service of infirmaries in the prescribed response time (15 minutes), is 101 dis-
tricts, which constitutes 94.4% of the total districts in Al-Madinah. The number 
of locations that did not receive the service of infirmaries is six districts consti-
tuting 5.6% of the 107 districts of Madinah. These districts are Hadouda’, Umm 
As-Suyouf, Sadd Al-Ghaba, As-Sahwa, Wadi Al-Battana, and the industrial city. 
It has been suggested to add four more infirmaries in order to service the biggest 
number of unserviced districts, and at the same time the cost of construction is 
low, Figure 19. 

4.3.6. Clinics Complex 
The allocated locations, i.e. the centers of Al-Madinah districts that received the  
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Figure 18. Suggested locations for ambulance facilities based on location-allocation. 

 

 
Figure 19. Suggested locations for infirmaries based on location-allocation. 

 
service of clinics complexes in the prescribed response time (15 minutes), is 102 
districts, which constitutes 95.3% of the total districts in Al-Madinah. The num-
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ber of locations that did not receive the service of clinics complexes is five dis-
tricts constituting 4.7% of the 107 districts of Madinah. These districts are Ha-
douda’, Umm As-Suyouf, Sadd Al-Ghaba, As-Sahwa and Wadi Al-Battana. It 
has been suggested to add three more clinics complexes in order to service the 
biggest number of unserviced districts, and at the same time the cost of con-
struction is low, Figure 20. 

4.3.7. Health Units 
The allocated locations, i.e. the centers of Al-Madinah districts that received the 
service of health units in the prescribed response time (15 minutes), is 98 dis-
tricts, which constitutes 91.6% of the total districts in Al-Madinah, While the 
number of locations that did not receive the service of health units is 9 districts, 
which constitutes 8.4% of the total number of districts in Al-Madinah. The dis-
tricts are: Hadouda’, Umm As-Suyouf, Sadd Al-Ghaba, As-Sahwa, Wadi Al- 
Battana, the industrial city, Al-Mifrhat, As-Sahlouj, and Al-Balqa’. It has been 
suggested to add four more health units in order to service the biggest number of 
unserviced districts, and at the same time the cost of construction is low, Figure 
21. 

4.3.8. Red Crescent Centers 
The allocated locations, i.e. the centers of Al-Madinah districts that received the 
service of Red Crescent centers in the prescribed response time (15 minutes), is 
102 districts, which constitutes 95.3% of the total districts in Al-Madinah. The 
number of locations that did not receive the service of Red Crescent centers is 
five districts constituting 4.7% of the 107 districts of Madinah. These districts are 
Hadouda’, Umm As-Suyouf, Sadd Al-Ghaba, As-Sahwa and Wadi Al-Battan. It 
has been suggested to add three more Red Crescent centers in order to service 
the biggest number of unserviced districts, and at the same time the cost of con-
struction is low, Figure 22. 

5. Recommendations 

The management of the urban environment of the Saudi cities through the 
model of Al-Madinah Al-Munawwarah regarding assessment and planning of 
health services requires the application of advanced technology capable of 
identifying and analyzing the rapid variables affecting urban growth and land 
use change, which contributes to understanding the nature of planning and 
sustainable development in these environments that have experienced dynam-
ic changes in which the old maps and traditional methods in conducting ap-
plied studies of actual feasibility in the face of the dynamics of urban growth; 
hence, the importance of this study in the application of the integration of ac-
cessibility models and site allocation in geographic information systems In or-
der to improve spatial planning and environmental sustainability of health 
services in Al-Madinah Al-Munawwarah, this integration provides a planning 
framework to verify the efficiency of spatial distribution of health services and 
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generate alternatives either by proposing an effective service or to improve an 
existing service. 

 

 
Figure 20. Suggested locations for clinic complexes based on location-allocation. 

 

 
Figure 21. Suggested locations for health units based on location-allocation. 
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Figure 22. Suggested locations for Red Crescent centers based on location-allocation. 

 
Health services are one of the main elements in the urban development pro- 

cesses in Al-Madinah Al-Munawwarah, and the lack of quality levels in terms of 
number or spatial distribution is a strong determinant of the process of its sus-
tainable urban development, especially in light of the growing and excessive 
population and urban expansion of the growing functional, regional and admin-
istrative role of Al-Madinah Al-Munawwarah which gives it additional planning 
burdens in addition to poor coverage areas for health services accessibility in 
Al-Madinah Al-Munawwarah during the intervals of five, ten and fifteen mi-
nutes, which created a negative impact on the management of the current urban 
environment. 

In order to find planning solutions to reduce the dimensions of those prob-
lems, the study recommends some suggestions that would provide and improve 
the reality of health services in Al-Madinah Al-Munawwarah through the redi-
stribution of health services in Al-Madinah in proportion to the number and 
need of the population of them in an orderly manner serving all districts of 
Al-Madinah. This requires the filling of the current shortage of health services 
which is represented by twenty-four locations with two public hospitals, three 
specialized hospitals, two health centers, three ambulance facilities, four clinics, 
three clinic complexes, four health units and three Red Crescent centers.  

The study also recommends putting the results reached before the deci-
sion-makers when developing urban planning strategies to implement them in 
sustainable urban development plans; developing and improving the efficiency 
of the infrastructure for the purpose of managing them and keeping abreast of 
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changes over time; introducing modern technologies commensurate with the 
need of the population of Al-Madinah; adopting the ease of access to public ser-
vices as one of the main factors when the locations on these services are allocated 
and planned in Al-Madinah in addition to adopting foundations and standards 
of urban planning, and the adoption of statistical and spatial analysis methods in 
GIS when evaluating and planning health services in cities. 

6. Conclusions 

Al-Madinah Al-Munawwarah has faced many challenges in sustainable urban 
development during the past thirty years, and perhaps the most prominent of 
these challenges is the rapid urbanization without the availability of public ser-
vices that keep pace with this increase, especially health services. The religious 
function of Al-Madinah Al-Munawwarah is the main powerhouse of its con-
structional and administrative growth, and its constructional composition which 
greatly impacted the effectiveness of the geographic distribution of health ser-
vices. The number of inhabitants of Al-Madinah has almost doubled in a period 
not exceeding 36 years (1394-1440 AH) as a result of the natural increase in the 
number of population and the increase of the number of incoming residents. 
Hence, the city expanded, its urbanization flourished, and its districts multiplied. 
As a result, there was an increasing pressure on the urban area at rates that ex-
ceed the city’s ability to provide various health services and jobs to its commu-
nity in terms of quantity and quality, which resulted in many problems related to 
the lack of various forms of health services, chaos in the use of land, the emer-
gence of squatter areas, and the decline of health services. The adoption of new 
urban plans without taking into account the planning foundations has also con-
tributed to the chaos in the use of land, the inability of some districts in the city 
to provide health services to the population at the appropriate level with no clear 
vision of the prevailing uses at the district level and some and at the city level as 
a whole, and this has affected the dispersion of health services and divergence, 
and the lack of supply to serve the population of the city. 

This was reflected in the weak coverage areas for accessibility to health ser-
vices in the city during the intervals of five, ten and fifteen minutes, which 
ranged between 63% - 84%, where coverage areas for health services of the type 
of health units ranked last by about 63%, while coverage areas of health services 
of the primary healthcare centers are ranked first by 84%, and there are fif-
ty-seven districts representing about 53.3% of the total number of districts in 
Al-Madinah where the level of health services is very good with coverage ranging 
from 90% to 100%. Therefore, these districts are of high spatial convenience for 
living in them for ease of access to those Services with the lowest distance and as 
soon as possible, there are about forty-six districts representing about 43% of the 
total districts of Al-Madinah with medium services with a coverage rate ranging 
from 60% to 90%, while there are about four districts representing about 3.7% of 
the total districts of Al-Madinah with Low health services where coverage is no 
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more than 60%. 
Al-Madinah is currently unable to meet the needs of its population of health 

services at the present time the need for health services reached twenty-four sites 
with two public hospitals, three specialized hospitals, two health centers, three 
ambulance facilities, four clinics, three clinics complexes, four health units, and 
three Red Crescent Centers. 
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