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Abstract: The issue of reducing spatial disparities in access to healthcare is one of the most important
healthcare planning issues that policy makers and planners investigate and consider as a key focus
until present time. A healthcare system that meets the requirements of availability and affordability
will be useless if the spatial accessibility to healthcare is not provided to all equally. Therefore,
this study aims to identify and analyze spatial disparities in access to healthcare centers in Jeddah,
Saudi Arabia. The two-step floating catchment area (2SFCA) method was used to measure spatial
accessibility of healthcare centers based on the travel time threshold (i.e., 30-min drive time in this
study). The GIS technology was used to execute the 2SFCA method. A geodatabase, which includes
the population districts, locations of healthcare centers, and road network, was created. Some
procedures were performed within the road network database to set the travel time that is considered
as an essential step to compute the origin–destination (OD) cost matrix. The OD matrix was later
used as the source for calculating provider-to-population ratios and the spatial accessibility scores for
population districts. The results of the study revealed spatial disparities in access to healthcare centers
in Jeddah city. The majority of the Jeddah population (i.e., 97.51%) have accessibility to healthcare
centers, but with disparate levels. The central districts have a higher access score compared to
the rest of the city’s districts. Most districts that do not have accessibility to healthcare centers
are concentrated in the southeast of the city. The results can help local health planners improve
spatial equity in access to healthcare centers through giving the less-served districts a priority when
allocating future healthcare centers in Jeddah city.

Keywords: healthcare centers; 2SFCA method; spatial accessibility; travel time threshold; GIS; OD
cost matrix

1. Introduction

Health is one of the most important basic requirements for a human life [1]. Improving
public health for all people by ensuring equal access to healthcare is considered one of the
primary Sustainable Development Goals (SDGs) [2,3]. Therefore, healthcare is one of the
main pillars that governments seek to provide, finance, and manage in order to preserve
communities’ public health. Furthermore, the healthcare system is considered an important
indicator reflecting the level of evolution and urbanization of urban communities. There-
fore, studying this field has become a priority for many researchers, especially with the
evolution of computer technologies that are able to study and analyze a reality of healthcare
systems in populated areas ) [4–6]. The healthcare system consists of organizations and
institutional resources that seek to improve public health for all by providing a variety
of services meeting their current and future needs, ensuring their access to these services
equally with the least money, time, and effort [4]. Nevertheless, half of world’s population
has difficulty accessing healthcare [7]. Thus, these communities will not be able to perform
their functions with high efficiency, which negatively affects social and economic develop-
ment over time. Decision makers, especially urban planners in developing and developed
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countries, have been seeking to overcome this challenge by providing an equitable and
efficient healthcare system [5,8–10].

However, the issue of reducing spatial access disparities to healthcare is one of the most
important issues of healthcare planning that planners and policy makers investigate and
consider as a key focus until the present time. The challenge is how to ensure that spatial
accessibility to healthcare is given to all individuals equitably [6,11,12]. The spatial access
disparities to healthcare in urban contexts resulted from several factors. First, the rapid and
continuous increase in the population and urban growth of cities. Second, the urbanization
of poverty, where people living under conditions of poverty suffer from health burdens
that should not be underestimated. The third factor is the lack of government expenditure
on healthcare provision. Governments try to provide healthcare services to all equally, but,
in contrast, they face difficulties spending on healthcare sector development, which leads
to an inability of healthcare systems to meet the growing demand for healthcare [4,10]. The
fourth factor is structural barriers, such as a limited availability of transportation options, a
lack of road network, and poor road conditions. These barriers can prevent or limit access
to healthcare providers, which may contribute to creating more spatial disparities [13,14].
Overall, availability of preceding factors contributes to creating spatial inequality in access
to healthcare, thus causing the emergence of some communities spatially facing a difficulty
of accessing healthcare in urban areas compared to other communities that have perfect
access to healthcare [9,10].

Spatial disparities in access to healthcare can be identified and analyzed by measur-
ing the spatial accessibility to healthcare that researchers have extensively investigated
recently [15–18]. Measurement of spatial accessibility estimates the movement opportunity
between two different destinations and calculates the degree of relative difficulty that
individuals face in accessing healthcare [19]. There are several spatial factors (e.g., supply
and demand locations, distance or travel time) and non-spatial factors (e.g., socioeconomic
variables of population) that inevitably affect how people access and utilize healthcare.
Many studies have used and combined such factors to obtain more accurate and real-
istic results of measuring spatial accessibility to healthcare [20–25]. Measuring spatial
accessibility to healthcare helps in formulating planning scenarios that indicate where the
healthcare services should be allocated to improve poor spatial accessibility to services.
That eventually contributes to minimizing spatial disparities in access to healthcare [26,27].
Several studies have identified and analyzed spatial disparities in access to healthcare
by measuring spatial accessibility. For example, Horner and Mascarenhas [28] analyzed
a location-based spatial accessibility to identify regional disparities in access to dental
services in the State of Ohio. The results revealed disparities in distribution of dental
services. For reducing spatial disparity in access to healthcare, Jin et.al. [29] measured and
analyzed the spatial accessibility to healthcare services using the travel time technique
(i.e., drive time) to assess an inequality of spatial access to healthcare in Deqing County,
China. Furthermore, Tseng and Wu [30] integrated spatial and nonspatial factors (i.e.,
socioeconomic status) to assess spatial disparities in access to community care resources
for providing a comprehensive consideration of equal allocation.

The two-step floating catchment area (2SFCA) method is one of the most recent and
common methods used to measure a spatial accessibility to healthcare. It is considered
a special case of the gravity model. At first, Radke and Mu [31] proposed the 2SFCA
method in the form of a spatial deconstruction method, and then Luo and Wang [32,33]
developed it to be an appropriate method for measuring the spatial accessibility, taking
into consideration supply and demand together. Studies have proven that the 2SFCA
method is easier to use and can calculate scores of spatial accessibility compared to the
gravity model [18,34–36]. Subsequently, many improvements were made to the original
2SFCA method to better deal with the effect of distance decay within the catchments of
demand and supply (i.e., considering disparities in spatial accessibility within catchments
as a function of distance). Improvements were started by Luo and Qi [37] who introduced
the enhanced 2SFCA (E2SFCA), and then Dai and Wang [38] who provided the kernel
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density 2SFCA (KD2SFCA), and so on [39]. Nevertheless, many studies have used the
2SFCA method to measure the spatial accessibility to healthcare [22,36,40–43].

The geographical information systems (GIS) play an important role in spatial decision-
making related to public health. Furthermore, it can effectively deal with healthcare
planning issues by applying statistical and analytical methods. The GIS could be used
to enhance the outputs of measuring the spatial accessibility to healthcare. This could
be performed using different GIS-based measures and models depending on spatial and
nonspatial factors to assess spatial inequalities, identify shortage areas of healthcare, and
determine the optimal allocation of health resources [6,32,33,44] However, the GIS tech-
nology has been used in many studies concerned with measuring spatial accessibility to
healthcare using the 2SFCA method. For example, Wang and Luo [22] used the GIS tech-
nology to execute the 2SFCA method to measure spatial accessibility based on travel time,
which was calculated by building the (O–D) cost matrix between the physician location
and the population location. Areas with poor accessibility to primary healthcare were
defined by integrating spatial and nonspatial factors. In another example, [36] executed
the 2SFCA method using the GIS platform to identify and analyze spatial disparities in
access to healthcare in Alwar district of Rajasthan. The results of study will help decision
makers improve the road network and allocate future healthcare centers in the less-served
areas in this district.

Jeddah city has been witnessing a continuous increase in its population and urban
growth. Globally, it has become one of the fastest growing urban areas due to its high
population growth rate, which is about 3.5% annually [45]. According to the report of
“Global Metro Monitor 2011”, Jeddah is among the 200 fastest growing metropolitan areas,
surpassed only by Shanghai [46]. The rapid population growth in Jeddah will naturally
lead to an increase in the demand for various services and creating disparities in the access
to such services [47]. One of the most important strategic goals of Saudi Vision 2030 is to
facilitate access to healthcare services at the right time and place [48,49]. Consequently,
providing healthcare with equal access for all individuals is considered an important issue
for the Saudi Ministry of Health and relevant decision makers. Hence, this study aims to
identify and analyze spatial disparities in access to healthcare centers run by the Ministry
of Health (MOH) in Jeddah city, Saudi Arabia. However, based on previous studies, this is
the first study that applies the 2SFCA method to measure GIS-based spatial accessibility
of the MOH healthcare centers in Jeddah depending on the travel time (i.e., drive-time
threshold). This will help identify and analyze the spatial access disparities to healthcare
centers in Jeddah. The results of this study could be helpful to the local health planners in
Jeddah through giving the less-served districts a priority when allocating future healthcare
centers. That will hopefully improve equity of healthcare service access, thus improving
the quality of life for the Jeddah population.

2. Materials and Methods
2.1. Study Area

The study area is the City of Jeddah, which is located in the west of Saudi Arabia,
and it is an important urban and commercial center, which has a great economic weight.
Moreover, Jeddah is the second largest city after the capital of Saudi Arabia, Riyadh. It is
one of the most important seaports on the Red Sea coast [50]. Jeddah is the first gateway
that receives millions of people who annually come to Saudi Arabia to perform Hajj and
Umrah rituals [51]. Jeddah urban area is approximately 1253.26 km2 [52]. Jeddah has
witnessed a quantum leap in all areas of development, which has contributed to a massive
increase in its population and urban growth over time. The total population of Jeddah
is about 4.1 million people [53]. The rate of population growth in Jeddah is about 3.5%
annually [45]. Consequently, Jeddah city is considered as an ideal case that deserves
extensive research of spatial accessibility of healthcare services.

The 2SFCA can measure the spatial accessibility at different census levels for a popu-
lation by using any possible spatial distance variable as an input value within the network
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analysis [34]. Since the data of population are available at the level of urban Jeddah dis-
tricts, the 2SFCA method will be applied to the level of districts. This level can provide an
accurate representation of healthcare provider shortages and reflect the level of accessibility
for the population related to each demand location (i.e., the district) in Jeddah. However,
Jeddah has a good structure of healthcare services run by the Ministry of Health (MOH) or
other government agencies, as well as the private sector. For example, there are five general
hospitals and 47 healthcare centers run by the MOH in Jeddah. Furthermore, Jeddah has a
wide range of private hospitals and clinics that are well distributed throughout the city.
For this study, only the healthcare centers run by the MOH will be covered.

2.2. Requirements, Collection, and Preparation of Data

As mentioned, this study aims to identify and analyze spatial disparities in the
access to the MOH healthcare centers in Jeddah city by measuring spatial accessibility
of such services. The original 2SFCA method executed by the GIS technology was used
to calculate spatial accessibility scores by considering the catchment area based on the
travel time threshold. Spatial factors (i.e., locations of population, locations of healthcare
centers, and travel time) were only used to measure spatial accessibility using the 2SFCA
method. We did not include nonspatial factors in this study (i.e., socioeconomic variables
and demographic characteristics of the population) due to a lack of this type of data
at the districts level of Jeddah city. However, to achieve the purpose of this study, we
captured three GIS coverages, adding their nonspatial data (Table 1). These coverages were
(1) healthcare center locations, (2) population districts, and (3) the road network linking
between the population threshold and the healthcare centers. As shown in Table 1, some
characteristics of roads (i.e., length and speed limit of roads) were added to the attribute
table of road network to estimate a travel time for the car-based transportation between the
population threshold and the healthcare centers, where the transportation by buses, bikes,
and walking is remarkably low in Jeddah city. All of the preceding data were processed in
the ArcGIS Software and used to measure the spatial accessibility to healthcare centers in
order to identify and analyze disparities of spatial access to such services in Jeddah.

Table 1. A summary of data requirements.

Dataset Data Type Description Data Format

Population

Spatial Urban district
boundaries Polygon

Attribute

Census data at the
level of urban

districts: numbers
and density of

population, etc.

Excel table

MOH healthcare
centers

Spatial Locations of
healthcare centers Point

Attribute Name and location
address, etc. Excel table

Road network

Spatial Road centerline Line

Attribute
Road ID, name, type,

length, and speed
limit of roads, etc.

Excel table

The above data were collected from various sources in paper format (data were
not digital), then entered into the GIS through the digitization method. First, spatial
boundaries of districts and related census data were collected from the report of Jeddah
Urban Indicators Production issued by the Jeddah Urban Observatory (JUO) in 2015. To
build the database within the ArcGIS Software, the census data were converted from paper
format to Excel table by the digitization method. Furthermore, the spatial boundaries of
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districts were represented as a polygon format within the ArcGIS Software, where each
polygon represents one district that has a unique ID number (record) within the census
attribute table. Second, the addresses of the MOH healthcare centers in Jeddah city were
identified through the interactive map on the MOH website (https://www.moh.gov.sa/
Pages/Default.aspx) [accessed on 27 June 2021]. Those were later geo-coded to be the
locations of facilities that were represented in a points format within the ArcGIS Software.
Each point represents one location that has a unique ID number (record) within the related
attribute table. The attribute data of the locations were collected from various references,
such as the report of Jeddah Urban Indicators Production issued by the Jeddah Urban
Observatory (JUO) in 2015, and the General Census of Population, Housing, and Facilities
reports issued by the General Authority for Statistics in Saudi Arabia. The attribute data
were then converted from paper format to Excel table by the digitization method to build
the database within the ArcGIS Software. Third, the roads network and related attribute
data were collected from the report of Jeddah Local Plan issued by Jeddah Municipality
in 2015 [54], and Jeddah Explorer website (http://maps.jeddah.gov.sa/) [accessed on 21
May 2021]. Centerlines of roads were identified and represented as a lines format within
the ArcGIS Software. Each line represents one road that has a unique ID number (record)
within the related attribute table. The attribute data were also converted from paper format
to Excel table by the digitization method to build the database within the ArcGIS Software.

2.3. Network Analysis

An approach of network analysis is an appropriate approach to deal with routing and
transport issues by providing accurate and quick solutions [55]. Several inquiries related
to linear networks can be answered by network analysis, especially with advances in the
GIS technology recently. This type of analysis requires an availability of network data to
find distance between two points within the network. The network data are represented
in linear features, such as streets, roads, rivers, etc. A set of applications could be created
using the network analysis, the most common of which are: (1) finding the best route or the
closest facility by travel time or distance, (2) calculating service areas to determine areas
within a specific travel threshold, (3) creating the OD cost matrix to find the cost to access
the closest destinations from each origin, and (4) identifying the location of the new facility
that provides the best response times for the community, etc. [50,56,57].

The ArcGIS Network Analyst Extension provides the network-based analysis that can
spatially solve various routing problems. This analysis could be performed using many
spatial tools, such as new route, new closest facility, new service area, new OD cost matrix,
and new location-allocation analysis [50,55]. Users use the Network Analyst to solve
many problems and inquiries of their network requirements. In other words, the Network
Analyst provides several features that enable users to find the quickest or shortest route,
plan routes, allocate new facilities, estimate drive-time service area, and so on. The network
could also include some cost values (e.g., slope, distance, time, or other flow attributes) [50].
Furthermore, users could utilize the Network Analyst to dynamically produce a network
based on realistic conditions, such as speed limits of roads, turn restrictions, and traffic
characteristics. To run tools of Network Analyst Extension, the network dataset under
ArcCatalog module should firstly be created based on the road network that includes the
travel time value for each road (line segment) within the study area [55].

To perform the network analysis task, all data, such as population districts’ boundaries
and healthcare centers, should be consistent with the road network dataset, as well as in a
format that a user could spatially map and analyze (e.g., population districts’ boundaries
that are presented as polygons should be converted to point shapefile) [34]. The point
shapefile can be produced by using the “Feature to Point” function within the ArcGIS
Software. In other words, this function creates centroids that are used to represent the
districts of Jeddah. The use of this feature allows snapping of centroids along the road
lines at the closest point to the network for the analysis. By this process, network distance
measurements from the facility location can be determined. The district centroid represents

https://www.moh.gov.sa/Pages/Default.aspx
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the center of demand point for a population that a district polygon includes. Such a
demand point is then used, along with the facility location point, to calculate the network
distance that identifies which populations are within the drive-time catchment area [35].
Overall, using this feature is useful, especially given that some districts of Jeddah include
limited main and secondary roads. However, the tool of “Origin–Destination (OD) Cost
Matrix”, which falls under the ArcGIS Network Analyst Extension, is used in this study to
execute the 2SFCA method. The OD matrix is used as a source for calculating provider-to-
population ratios, and scores of spatial accessibility for population districts.

2.3.1. Setting Travel Time

As mentioned, the 2SFCA method is used to measure the spatial accessibility of the
MOH healthcare centers in Jeddah based on a travel time (i.e., drive-time threshold in this
study). Therefore, some procedures should firstly be performed within the road network
database to set the travel time that is also considered as an essential step to create the
OD cost matrix later. According to the available data, four types of roads were used for
this study, which are expressways, main, secondary, and local. The Ministry of Municipal
and Rural Affairs (MOMRA) in Saudi Arabia issued the Engineering Design Manual for
Roads in 2019. In this manual, speed limits are identified according to types of roads,
where the desired speed of expressways is 100 km/h, the desired speed of main roads is
80 km/h, the desired speed of secondary roads is 60 km/h, while the desired speed of
local roads is 50 km/h. To create a network capable of calculating the travel time, three
main fields were added to the road network database within the GIS environment. First,
the field of road length was added to calculate the length of each road (line segment) in
meters. Assigning the length value for each road was performed by using the “Calculate
Geometry Tool”. Second, the field of speed limit was also added to assign a speed limit of
travel for each road type in kilometer/hour. Third, the field of travel time was also added
to assign the travel time value in minutes it would take to travel within each road type
based on its speed limit. Assigning the travel time value for each road type was performed
by using the “Field Calculator Tool”. After calculating the travel time for each road type
(line segment), some procedures were performed to identify potential problems of the
road network shapefile, before producing a network dataset under ArcCatalog module.
The problem of duplicated segments resulting from the existence of multiple names and
features was solved by applying the “Must Not Overlap” rule within the ArcMap, where
the road network does not consider travel or turn restrictions. Furthermore, the (Integrate)
tool was used to ensure that all segments were connected, where many segments had no
connectivity; thus, the Network Analyst Tools could not be perfectly run.

2.3.2. Creating the Origin–Destination (OD) Cost Matrix

After estimating the travel time and performing a set of procedures within the road
network database, a network dataset was produced under the ArcCatalog module in
preparation for creating the OD cost matrix that is used as a source to execute the 2SFCA
method. Nevertheless, this study used the maximum travel time, which was the 30-min
drive time, as a reference to calculate the accessibility score of the MOH healthcare centers
in Jeddah. This value of time was determined according to many sources indicating that
the 30-min drive time is the rational time to access the healthcare service. For example,
Nichols et al. [58] mentioned that a 30-min drive time is a reasonable value for accessing
healthcare facilities in Mississippi, USA. One of the most important results of the Project of
Ontario CR Pilot was that 66% of sick people could access the healthcare within a specific
travel time, estimated at 30 min [59]. Furthermore, the Health Resources and Services
Administration (HRSA) has considered populations traveling more than 30 min to access
healthcare are at risk for inadequate healthcare [60]. In other words, these populations
reside in areas that have a shortage of physicians or facilities.

However, the tool of “OD Cost Matrix” is performed within the GIS environment to
calculate scores of spatial accessibility within the drive-time threshold. This tool creates
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a dataset built by capturing all district centroids within a 30-min drive time (catchment
threshold) from each healthcare center. It begins at the location of the first record of
healthcare center by searching for all records of locations of district centroids that are located
within the cut-off limit of 30-min drive time. This process is repeated through all records of
locations of healthcare centers [34,35]. The result of this process is a table containing all
the origin–destination pairs. This table shows origins first and then destinations that are
sorted from closest to farthest based on travel time. Overall, this process is an important
step for calculating scores of spatial accessibility using the 2SFCA method.

2.4. Measuring Spatial Accessibility of the MOH Healthcare Centers Using 2SFCA Method

During the past decade, the 2SFCA method has been used widely to study and analyze
the spatial interaction between healthcare providers (supply) and populations (demand) by
measuring and assessing spatial accessibility to healthcare. Researchers have preferred to
use the 2SFCA method to evaluate healthcare accessibility due to several factors, the most
important of which are (1) the ease and flexibility of data requirements, (2) the possibility
of representing the capability of a population to travel over boundaries, (3) the unrestricted
utilization of all locations within a catchment threshold with a possibility to deal with
overlapping catchments, thus giving more realistic modeling results, as well as, (4) the
possibility of using the travel-time threshold to overcome problems of distance impedance
within catchment areas. Therefore, the 2SFCA method was identified as the appropriate
method to achieve the purpose of this study, which is to identify and analyze spatial access
disparities to the MOH healthcare centers in Jeddah.

The 2SFCA method could catch an area twice according to demand (i.e., population)
and supply (i.e., healthcare providers). The 2SFCA method represents a model of healthcare
provider-to-population ratio [36]. It is a method for creating an index that includes a
set of combined information to compare among different locations. Measuring spatial
accessibility depends on three main factors, which are supply (healthcare providers),
demand (population), and travel time between them. Using the 2SFCA method, a spatial
accessibility could be measured as a ratio between demand and supply in two steps with
consideration of the impedance measure (i.e., travel time). Practically, such two steps
evaluate the availability at the locations of healthcare providers as a ratio to the population
who fall within the travel time catchments, and then sum up the ratios resulting from the
first step for each population location [35].

The 2SFCA method uses the dichotomous distance decay function to create a map
of spatial accessibility scores to be classified as accessible–inaccessible by considering the
travel time catchment areas. Practically, this function assigns accessible value = 1 within
the travel time catchments and inaccessible value = 0 outside of catchments. In other
words, equal weights of 1 are given to all population falling within the catchments in
both steps (i.e., full accessibility score); thus, they have accessibility to healthcare services.
In contrast, equal weights of 0 are given to all population falling outside the catchments
(i.e., accessibility score is zero); thus, they have no accessibility to healthcare services,
and this indicates that the population of such areas should travel beyond the catchment
threshold to access healthcare service [32,34,35].

The results are indexed scores of spatial accessibility that reflect the level of accessibility
for population related to each demand location (i.e., district centroid). A spatial accessibility
to healthcare services is evaluated according to a scale that includes a lowest score and the
highest possible score. The lowest score is zero, which means no accessibility to healthcare,
while, the higher the accessibility score, the greater the access to healthcare. Thus, if the
supply is greater than demand, it is expected that the score of accessibility will be greater
for the population residing close to healthcare services. On the other hand, the score of
accessibility will be low if the demand is highly greater than the supply, even if the distance
between the demand and supply is small [35]. Nevertheless, the 2SFCA method could be
represented by the following two steps [32]:
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Step 1. Calculating the provider-to-population ratio (R) for each healthcare provider;
thus, for each provider (j), search all population locations (k) that are within a threshold
travel time (d0) from location (j) (that is, catchment area j), and calculate the provider-to-
population ratio, (Rj), within the catchment area:

Rj =
Sj

∑k∈{dkj≤do} Pk
, (1)

where (Pk) is the population of district (k) whose centroid falls within the catchment
(dkj < d0), (Sj) is the number of providers at location (j); and (dkj) is the travel time between
(k) and (j). Shortly, this defined the provider-to-population ratio (Rj) within a catchment
area. This represents a potential demand for the healthcare provider.

Step 2. Calculating the accessibility score (A) for each population district; thus, for each
population location (i), search all provider locations (j) that are within the threshold travel
time (d0) from location (i) (that is, catchment area i), and sum up the provider-to-population
ratios, (Rj), at these locations:

AF
i = ∑

j∈{dij≤do}
Rj = ∑

j∈{dij≤do}

Sj

∑k∈{dkj≤do} Pk
,

where (AF
i ) represents the accessibility at population location (i) based on the (2SFCA)

method, (Rj) is the provider-to-population ratio at the provider location (j) whose centroid
falls within the catchment centered at (i) (i.e., dij < d0), and (dij) is the travel time between
(i) and (j). A greater value of (AF

i ) means a better accessibility at a location. Shortly, the
second step allocates provider-to-population ratios to the population.

To perform this process, the ID fields were added to attribute tables of healthcare
centers and population districts to create the origin–destination (OD) cost matrix. These
reference fields actually represent the OriginID and DestinationID in the matrix table. After
creating the matrix table, functions such as “Join” and “Sum” were used to assign the
provider-to-population ratios and calculate the accessibility score for each population dis-
trict. Use of these functions created a series of tables that actually represent the procedures
of execution of the 2SFCA method. However, the results of 2SFCA will show the level of
spatial accessibility to healthcare centers within a catchment threshold. In other words, the
provider-to-population ratios will be calculated and summed up to identify and analyze
spatial access disparities to healthcare services within the catchment threshold.

3. Results
3.1. Spatial Distribution of the MOH Healthcare Centers and Analysis

The first step after creating the geo-database was to understand the current condition
about the healthcare centers and initially analyze their spatial distribution in Jeddah city.
Healthcare centers are distributed in various parts of Jeddah city. They provide a primary
healthcare to the population of Jeddah. A closer look at Figures 1 and 2 indicates that there
is imbalanced spatial distribution of healthcare centers in the city. Healthcare centers highly
cover most of the central districts; in contrast, the northern and southern districts are less
covered by healthcare centers. In other words, the primary healthcare delivery system is
not responding to continuous spatial expansion of Jeddah. It is also clear that healthcare
centers are concentrated in the high population density areas, which are often concentrated
in the city core, where they can serve a larger population, while the spatial concentration
of these centers decreases in medium to low population density areas. Furthermore,
most of the healthcare centers are located near to main roads, which means that they—in
principle—can be accessed by public and private transport.
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Figure 1. Spatial distribution of population districts and healthcare centers. Note: districts classified
by population using the Natural Breaks (Jenks) within the ArcGIS Software.

For further investigation, the tool of standard deviational ellipses (SDE) was used to
analyze the spatial distribution of healthcare centers and defining its relationship to the
population concentration in Jeddah. Nevertheless, this spatial statistic function can analyze
and compare spatial distribution of features and determine their patterns, orientations,
and potential spatial directions. This tool is useful for identifying point patterns that
take a directional orientation. The standard deviational ellipse could be calculated using
point locations or weights to various points based on their attributes. Using this tool, the
directional distribution and tendency for a group of features (e.g., areas or points) can
be measured by computing the standard distance in directions of x, y, and z separately.
Practically, the standard deviation of the x co-ordinates and the y co-ordinates is calculated
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from the mean center for identifying the ellipse axes. A new feature class containing an
elliptical polygon centered on the mean center for all point features will be created. The
attribute values for this output ellipse polygon include two standard distances represented
in the long and short axes, and the orientation of the ellipse. The orientation represents the
rotation of the long axis measured clockwise from noon. The GIS could provide a sense of
directional orientation through a set of features drawn on the map; in contrast, calculation
of the standard deviational ellipse helps make the trend more obvious. This tool can be
helpful to several GIS applications, for instance, comparing the distributions of categories
of health conditions, identifying ellipses for the spread of disease with passage of time,
defining the directional distribution for a series of crimes, and detecting distributional
trends of travel behavior [53].

Figure 2. Spatial distribution of healthcare centers and population density. Note: population density
classified by Kernel Density Model within the ArcGIS Software.

However, the SDE was selected based on the healthcare center location (i.e., point
features) in this study. Figure 3 shows the output of SDE for the spatial distribution of the
healthcare centers in Jeddah, which took the clustered pattern. It is clear that the directional
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orientation for healthcare centers is in line with the population concentration in Jeddah,
where most of the centers are more concentrated and spread most widely over the central
part of the city, while this concentration for centers decreases towards the north, south,
and east (i.e., peripheral districts). This significant concentration of centers in the central
part of the city may be due to the availability of many districts with a small area and high
population density in this part, where these centers can serve a larger population.

Figure 3. Standard deviational ellipse (SDE) for the spatial distribution of healthcare centers using
ArcGIS Software.
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3.2. Spatial Access Disparities to the MOH Healthcare Centers: Analysis of 2SFCA Results

The primary analysis in the previous section indicated that there is a disparity in the
spatial distribution of the MOH healthcare centers in Jeddah, where it turns out that the
central districts are well covered by centers compared to the peripheral districts that are
less served by centers. However, the map of accessibility score (Figure 4) was created using
the function of dichotomous distance decay (weight stands at 1 within a 30-min drive-time
catchment area and 0 outside). The results of 2SFCA show remarkable disparities in spatial
accessibility to healthcare centers within a catchment. Naturally, the difference in the
number of healthcare centers available within the catchments contributed to creating the
disparities in access to such centers. As shown in Figure 4, the results show that each
possible district has an indexed accessibility score based on population. Scores of spatial
accessibility were classified by Natural Breaks (Jenks) within the GIS environment. The
scores do not reflect acceptable accessibility to healthcare centers, while they provide a
relative measure by which accessibility can be evaluated and spatial disparities in access
to services can be identified within the 30-min drive-time catchment area. This measure
was created by comparing the spatial relationships between the supply and demand across
space. The lowest score was zero, which means no accessibility to services, while, the
higher the score of spatial accessibility, the greater the opportunity to access services. Thus,
the score of spatial accessibility increases if the supply was greater than demand; in contrast,
the score decreases if the demand was highly greater than the supply, even if the distance
between the demand and supply was small. Nevertheless, the results obtained for urban
Jeddah districts showed that the maximum accessibility score was 0.000013, which was
obtained by 20 districts concentrated in the central part of the city, while the minimum
accessibility score was 0, which was obtained by 14 districts concentrated in the peripheral
parts of the city. The mean was 0.000011 and the standard deviation was 0.000002.

As shown in Figure 4, districts can be divided into two main parts (red part and
green part). First, for the red part with a score of zero, it represents districts that have no
accessibility because they are beyond a 30-min travel time to access healthcare centers.
These districts represent 12.39% of the total number of urban Jeddah districts. Despite
the fact that the area of these districts represents about a quarter of the total area of urban
Jeddah districts, they include about 2.49% of the total Jeddah population. Residents of these
districts should travel a more than 30-min drive time to access the healthcare centers. It
was expected that such peripheral districts would have a score of zero (i.e., no accessibility),
where they are less served by the healthcare centers compared to other districts in the
city. Furthermore, they have a limited road network that does not sufficiently connect
them with other parts of the city. Second, for the green part, it represents the districts that
have accessibility to healthcare centers within the catchment threshold, but with disparate
levels of accessibility. These districts represent 87.61% of the total number of urban Jeddah
districts and include 97.51% of the total Jeddah population. The darker the green districts,
the greater the accessibility to services. Central districts have a higher score of accessibility
compared to the rest of the Jeddah districts that have a low accessibility score, especially
in the north and south of the city. Nevertheless, districts with the greatest accessibility
have a vast majority of the Jeddah population that are concentrated in the city center, while
districts with the lowest accessibility have smaller numbers of the population. The largest
part of the central districts is located in the highest indexed accessibility score, reflecting the
higher provider-to-population ratios, where this part contains a large number of districts
with a small area and high population density. In contrast, the lowest classification within
the indexed accessibility score reflects the low provider-to-population ratios because the
districts associated with such a classification are large in area compared to central districts.
Consequently, there were fewer districts within the catchment of healthcare centers. Overall,
a vast majority of the Jeddah population had a spatial accessibility to the healthcare centers.
Table 2 summarizes the relevant results.
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Figure 4. Results of spatial accessibility score of healthcare centers using 2SFCA method at the
districts level within the ArcGIS Software.

It is clear from (Figure 5) that there is a relationship between a high accessibility and
the spatial concentration for healthcare centers, as well as the road network. Districts
with the greatest accessibility (e.g., central districts) have many healthcare centers and
contain a good and highly efficient road network. Although there are the large number of
central districts with a large population concentration, and although most of the central
districts’ roads have low speed limits and witness high traffic density that may increase the
travel time between origin and service, the score of accessibility of these districts was high
due to the spatial concentration of a large number of healthcare centers in such districts,
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where a large number of the population falls within their catchments. In addition, it is
also clear from Figure 5 the proximity of healthcare centers to the expressways and main
roads that cross many central districts and taken by the population to access healthcare
centers. These levels of roads also have high traffic density within certain segments
of them, but, nevertheless, they contribute to reducing travel time between origin and
service due to their high speed limits. In contrast, the score of accessibility of peripheral
districts decreases and may reach zero, despite the proximity of healthcare centers to the
population of these districts. This is attributed to the high population number compared
to the number of healthcare centers available within the catchments. Consequently, the
population of these districts should compete more for healthcare close to them or should
take a longer travel time that may exceed the catchment threshold to access services.
This is because these districts have fewer healthcare centers than the central districts; in
addition, such healthcare centers are located far from the expressways and main roads. The
spatial accessibility of the population of these districts can be improved by increasing the
healthcare center-to-population ratios. This can be achieved through multiple approaches,
such as allocating additional healthcare centers in the less-served areas (i.e., the southern
districts), or optimizing locations of some centers to achieve a more equitable distribution.
In addition, it is important to improve the infrastructure of the road network in the southern
or even northern districts, along with completing the construction of some roads located in
these districts. Furthermore, new roads should be built in the southern districts to enhance
their connectivity with other parts of the city, especially given that these districts basically
have a limited road network. This will greatly contribute to improving spatial equity
in accessibility by reducing travel times taken between the population residing in these
districts and healthcare facilities.

Table 2. Districts and population with spatial accessibility using 2SFCA.

Statement Total (%) of Total

Districts with accessibility 99 87.61%

Districts without accessibility 14 12.39%

Population with accessibility 3,941,169 97.51%

Population without
accessibility 100,715 2.49%

Area with accessibility (km2) 949.55 75.74%

Area without accessibility
(km2) 303.71 24.22%

Figure 6 shows the 2SFCA results histogram of the healthcare centers at the districts
level. The histogram shows that results depart from the normal distribution; however,
the distribution of accessibility scores was not random, and the results were due to the
interaction between supply, demand, and the travel-time threshold. The analysis indicates
that the data distribution is greatly skewed negatively with a high kurtosis. According to
DeCarlo [61] and Becker [35], this high kurtosis is a significant indication that there is a
profusion of outliers derived from multivariate data within the large dataset, where the
data have a greater peak than the normal distribution, and the distribution has more values
in the tails compared to the normal distribution. Thus, the result was a high frequency
of incidences around the mean, with a long left tail containing sets of incidences away
from the mean. This high frequency of incidences, especially on the right side of the mean,
is attributed to the presence of a large portion of central districts in the highest indexed
accessibility score that reflects the higher provider-to-population ratios, where this part
contains many districts with a small area and high population density. On the other hand,
the low frequency of incidences away from the mean, especially on the left side of the mean,
is attributed to the low provider-to-population ratios within the indexed score, reflecting
the presence of districts that are large in area and less in number and population density
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compared to the central districts. Therefore, this confirms that the distribution does not
follow a normal distribution of data.

Figure 5. Districts with the greatest accessibility and their relationship to healthcare centers and road
ne work. Note: The local road level was excluded from this map.

Figure 6. 2SFCA results histogram of MOH healthcare centers. Note: (1) districts with a score of 0
were excluded from the results, and (2) the red lines are the classification breaks.

4. Discussion

Governments seek to provide an equitable and efficient healthcare system that can
improve the public health for all and ensure equal access to healthcare. Nevertheless,
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half of the world’s population has a difficulty of accessing healthcare; thus, communities
will not be able to perform their functions efficiently, which negatively affects social and
economic development over time. Therefore, studying the reality of the healthcare system
and how to improve its performance in populated areas has attracted the attention of
many researchers and city planners recently, especially with the development of computer
technologies (e.g., GIS technology). One of the most important healthcare planning issues
is how to reduce the spatial disparities in access to healthcare. This issue results from the
unbalanced spatial distribution of health resources, which contributes to the emergence
of communities having poor spatial access to healthcare compared to others. Therefore, it
is important to identify and analyze the spatial disparities in access to healthcare within
the populated areas to give answer to where the healthcare services should be allocated.
This will eventually minimize such disparities and ensure that spatial access to healthcare
is given to all individuals equitably. Hence the importance of this study, which aimed to
identify and analyze spatial disparities in access to the MOH healthcare centers in Jeddah
city. Using GIS, the 2SFCA method was used to measure spatial accessibility to healthcare
centers based on a 30-min drive time.

There is an extensive use of travel time in studies concerned with measuring spatial
accessibility to healthcare than a travel distance, where the travel time can provide a better
indication of spatial barriers to healthcare. Using GIS, the travel time can be estimated for
each line segment within the road network based on (1) the speed limit specified for each
segment and (2) the physical barriers [62]. In this study, the road network of Jeddah was
used to estimate the travel time (impedance measure) in preparation for using a car-based
drive-time threshold to measure the spatial accessibility to healthcare centers in Jeddah.
The private car is the dominant mode of transportation, which is used more than buses,
bikes, or even walking in Jeddah. It represents 95% of all trips within the city, and there is a
lack of public transportation [52]. Accordingly, car ownership rates have been witnessing a
huge increase in Jeddah, where about 90% of households own one or more cars, while the
other 10% rely heavily on local taxis and buses for transportation purposes [63]. The use
of different modes of transportation is not preferred in Jeddah due to (1) bad condition of
buses, deficient infrastructure, and low accessibility [64], which leads to taking long times
to access the desired destination, especially with the availability of high traffic congestion
resulting from the full reliance on using private cars; and (2) districts are not suitable for
walking or bicycling; thus, residents travel long distances by private cars in order to access
required services.

Since private car is the only convenient way to travel in Jeddah, what about those
who do not have a private car and reside, for example, in areas away from healthcare
facilities? How can they access healthcare at the right time, especially with the lack of public
transportation in Jeddah? In fact, the use of drive time as a measure of spatial accessibility to
healthcare may not reflect the experience of those who do not have a private car. According
to Jordan et.al. [65], spatial access to healthcare needs to select an appropriate measure,
where there are several measures of varying complexity and specificity. However, better
measures, which integrate public and private transportation, are needed to accurately
reflect the experience of those who are without their own transport. This will contribute
to mitigating spatial inequity in access to healthcare. There are several studies such as
Mao and Nekorchuk [66] and Zhou et al. [67] that used multiple transportation modes to
measure spatial accessibility to healthcare. Accordingly, decision makers should formulate
intervention priorities aimed at improving the public transportation system in Jeddah,
which contributes to facilitating access to healthcare services at the right time, especially for
those who do not have cars. Furthermore, a future study that integrates multiple modes of
transportation is needed to accurately assess spatial access disparities to healthcare services
in Jeddah.

However, the results of study indicate that the MOH healthcare centers are insufficient
in Jeddah city, where the outputs of the 2SFCA method revealed spatial disparities in access
to healthcare centers. Spatial accessibility to healthcare centers is unevenly distributed and
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concentrated, where it is remarkably higher in central districts than peripheral districts.
The disparity in access is largely a result of the unbalanced spatial distribution of healthcare
centers, where most of which are concentrated in central districts and their concentration
decreases towards the edge of the city. Furthermore, peripheral districts have a limited
road network that does not sufficiently connect them with other parts of the city, which
negatively affected the accessibility of the population residing in these districts. About
97.51% of the Jeddah population have access to healthcare centers, but with disparate levels
of accessibility. In contrast, the area of districts that has no accessibility is approximately a
quarter of the total area of urban Jeddah districts, and it includes about 2.49% of the total
population of Jeddah. The percentage of the population that has no accessibility is, in fact,
very small compared to the total population in the study area. However, identifying the
areas in which these populations live is a necessary procedure for formulating planning
interventions that can reduce spatial disparities in access to health resources, where a
healthcare system that meets the requirements of availability and affordability will be
useless if the spatial accessibility to healthcare is not provided to all equally [68].

It seems logical that government institutions or even the private sector focus on
allocating healthcare services in densely populated areas in order to provide access to
the majority of the population. For instance, it was found that the population of the
central districts in Al-Madinah, Saudi Arabia can easily access health services with the least
distance and fastest time because of the high spatial concentration of these services at the
level of central districts [69]. Moreover, according to Luo et al. [18], the central urban areas
of Wuhan have a higher or the highest level of medical accessibility that is attributed to the
spatial concentration for most population and medical services in these areas. In the case
of Jeddah, it is clear that the Ministry of Health has given a priority to densely populated
districts (i.e., central districts) when allocating healthcare centers in order to serve a larger
population. Therefore, we find that the central districts had a higher or the highest spatial
accessibility scores because of the spatial concentration for the population and healthcare
centers in these districts. However, one of the most important strategic goals of Saudi
Vision 2030 is to facilitate access to healthcare services at the right time and place. Therefore,
the Ministry of Health has recently focused on how to provide healthcare with equal access
for all populations of Saudi cities. In Jeddah, for example, a number of new healthcare
centers have recently been operated at the level of peripheral districts, especially in the
northern and southern districts of the city, in order to reduce spatial disparities in access to
healthcare in Jeddah. This is confirmed by the results of this study, which indicated that the
peripheral districts, especially those located in the southern part of the city, are less-served
areas by healthcare centers.

This study used the 30-min drive-time threshold to calculate spatial accessibility
scores, similar to some previous studies that considered that the acceptable travel time to
access healthcare should not exceed a 30-min drive time [58–60]. However, it might come
to mind, if the travel time threshold was increased by more than 30 min or reduced by
less than 30 min, would this affect spatial accessibility scores? Furthermore, would this
change affect the magnitude of spatial disparities, especially given that 5–10 min in travel
time is a reasonable fluctuation in travel time for daily commutes in and out of the city? In
fact, several studies [16,18,70] indicated that the use of different travel-time thresholds can
affect the analysis and evaluation of healthcare accessibility. For example, in the study of
Luo et al. [18], the accessibility of medical services for elderly people in Wuhan, China was
measured using the E2SFCA method based on different travel-time thresholds (i.e., 10 min
and 60 min). The results of the study indicated that accessibility scores were affected when
using two time thresholds, which led to the change in the magnitude of spatial disparities.
When using the 10-min threshold, the accessibility scores presented the pattern of cluster
spatial distribution and there were 84.01 million elderly people who had higher medical
accessibility. In contrast, the scores increased when using the 60-min threshold, and there
were more than 128.31 million elderly people who had higher medical accessibility.



Appl. Sci. 2021, 11, 9537 18 of 22

In the case of Jeddah city, we expect that the use of different time thresholds will affect
the results of the accessibility scores. Increasing the threshold by more than 30 min may
improve the overall level of spatial accessibility, where healthcare centers further away from
the population centroid will become accessible. Spatial accessibility scores may excessively
increase at the level of central districts, with a slight increase for peripheral districts due
to the existence of a limited road network in these districts. In general, increasing the
threshold may contribute to reducing the spatial disparities in access to healthcare centers,
especially given that some districts may be reclassified as districts with access to healthcare
centers. On the other hand, reducing the threshold by less than 30 min may contribute
to creating more spatial disparities, especially with the shortage of healthcare centers
and the existence of a limited road network in certain districts without others. However,
further research is needed to determine the effect of using different time thresholds on
the magnitude of spatial disparities in access to healthcare centers in Jeddah. Therefore,
our future work could investigate this issue by applying the E2SFCA method to measure
spatial accessibility based on different time thresholds.

Although the study successfully demonstrated that remarkable spatial disparities in
access to healthcare centers exist within urban Jeddah districts, it has certain limitations:
(1) the presented study was based on population data that exceeded five years, and,
therefore, more recent data are required to obtain more accurate results; (2) the study
only covered the healthcare centers run by the Ministry of Health without considering
private healthcare centers due to the lack of a spatial database for these centers. In contrast,
identifying and geo-coding the addresses of these centers will cost researchers great time
and effort that is not consistent with the time schedule given to complete this study. We
expect that including private healthcare centers will improve the overall level of spatial
accessibility, even with the limited road network in the peripheral districts, where these
centers are well distributed over most parts of the city. However, more research is needed on
the extent to which the inclusion of these centers contributes to reducing spatial disparities
in access to healthcare in Jeddah. (3) Our initial research orientation was to integrate spatial
and nonspatial factors (i.e., social and economic variables and demographic characteristics
of the population) to accurately assess spatial disparities in access to healthcare centers in
Jeddah, but the lack of data related to nonspatial factors at the districts level has led to the
use of only the spatial factors in this study.

Researchers have become aware of the importance of integrating spatial and nonspatial
factors to be an effective method for assessing access to healthcare [22]. Nonspatial factors,
such as poverty, income, age, language, disability status, or even availability and cost of
transportation, can affect access to healthcare facilities [71]. For instance, Law et.al. [72]
found that the utilization of physicians and meeting healthcare needs differ from one
neighborhood to another in Hamilton, Ontario. They revealed that residents of the lowest
income neighborhoods have lower utilization of physicians, as well as their health needs not
being met [73]. Furthermore, entire district populations aged 65 and over have poor access
to primary health services in Naples, Italy, especially in the city suburbs [74]. Accordingly,
it is important that future research investigates the assessment of spatial disparities in
access to healthcare services in Jeddah by integrating spatial and nonspatial factors, using
improved versions of the original 2SFCA method, where these improvements can better
deal with the effect of distance decay within the supply and demand catchments compared
to the original method that is limited to using the dichotomous distance decay function.

5. Conclusions

Providing equal spatial access to healthcare has become crucial, especially with in-
creasing population growth in urban contexts. In other words, a healthcare system that
meets the requirements of availability and affordability will be useless if the spatial accessi-
bility to healthcare is not provided to all equally. Hence, this study sought to identify and
analyze spatial disparities in access to the MOH healthcare centers in Jeddah city. Using
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GIS, spatial accessibility was measured using the original 2SFCA method based on the
30-min drive-time threshold.

Overall, the results showed that 97.51% of the Jeddah population have access to
healthcare centers, but with disparate levels of accessibility. The majority of those are
concentrated in the central districts of the city. In contrast, 2.49% of the population is
classified as unserved populations, where they should travel more than 30 min to access
a healthcare center. Most of these districts are concentrated in the southeast of the city.
Nevertheless, spatial disparities in access to healthcare centers can be reduced in Jeddah
by applying several approaches, such as allocating new centers in less-served areas or
optimizing locations of some centers at the level of Jeddah districts. Moreover, it is
necessary to enhance the spatial connectivity between districts with poor access and other
parts of the city. This can be achieved by building or completing road construction in
some districts that basically have a limited road network, such as the southern districts. In
addition, strengthening the existing collective transport network at the level of peripheral
districts may improve spatial access to healthcare centers. Consequently, implementing
such recommendations could reduce travel time taken between populations residing in
peripheral districts and healthcare facilities by less than 30 min; thus, some of these districts
may be reclassified as districts with access to healthcare centers. However, there is a need
for further investigation on how much the spatial access to healthcare would be improved
if road and public transport networks were developed in Jeddah, especially at the level of
peripheral districts.

This study only covered the MOH healthcare centers in Jeddah according to the
available data and the time schedule given for preparing this study; however, this is
not enough to take a comprehensive conception of the reality of the healthcare system
in Jeddah. Therefore, this study can be considered as a basis for further investigations,
which is important to focus on measuring spatial accessibility to healthcare providers
(governmental and private) in Jeddah or even other Saudi cities using the methodology
of the 2SFCA method or its enhanced versions. Furthermore, it is also essential that these
investigations consider integrating spatial and nonspatial factors to identify and assess
spatial disparities in access to healthcare more accurately. However, in contrast, the lack
of spatial data on healthcare providers (i.e., facility location address) and nonspatial data
(e.g., socioeconomic variables at the level of urban population districts) may constitute an
obstacle to conducting such investigations. It is possible to conduct surveys to collect this
data at the level of urban population districts, but it may require more time, effort, and
resources to accomplish this task.

However, the results of this study can be considered as an assistant reference for the
MOH decision makers when developing the primary healthcare sector in Jeddah by giving
the less-served districts defined by this study a priority when allocating future healthcare
centers. This will contribute to improve spatial equity in access to healthcare centers.
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