Journal of Geography and Geology; Vol. 13, No. 2; 2021
ISSN 1916-9779  E-ISSN 1916-9787
Published by Canadian Center of Science and Education

Evaluation of Accessibility to Public Services in the City of Agaba
Using Geographic Information Systems

AbedAlhameed AlFanatseh! & Shahed Sagallah?
"Department of Geography, Al-Hussein Bin Talal University, Ma’an, Jordan
>The Ministry of Education, Ma'an, Jordan

Correspondence: AbedAlhameed AlFanatseh, Al-Hussein Bin Talal University, Department of Geography, Ma’an,
Jordan, Jordan

Received: August 19, 2021 Accepted: November 15, 2021 Online Published: November 29, 2021
doi: 10.5539/jgg.v13n2p17 URL.: https://doi.org/10.5539/jgg.v13n2p17
Abstract

In this study, we identify methods of measuring accessibility to public services in the city of Aqaba. Accessibility
is an indicator of the efficiency of their spatial distribution in relation to residential neighborhoods in the city.
Administrative, commercial, educational, health and entertainment services were selected for a case study because
they are the most important services. We used spatial analysis tools in Arc Map within the geographic information
systems (GIS) environment to measure direct distances between neighborhood centres and public services and to
determine the number of services within specific ranges (1,000 m, 500 m, 200 m), using the three most common
methods of measuring accessibility: the distance to the nearest service, the number of services within a certain
distance or time, and the average distance for all services. The results of this research indicate that educational
services have the highest degree of accessibility, followed by slight differences among recreational, administrative,
and commercial services. Health services lag further behind.
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1. Introduction

Good public service is a cornerstone of human development, and its input is essential. If quality-of-service
dimensions are multiple and varied, then ease of obtaining services is at the forefront of these dimensions. Fast
and easy accessibility to public services is necessary for ease of obtaining services, which is mainly related to the
good geographical distribution of public services among administrative units and consistent with population size
and the primary road network (Shalaby, 2005).

The organization of public services in the city is both an objective and a means: making services more accessible
to the population, serving the various purposes of society, and achieving the desired standard of living. The general
idea of the distribution of public services on the surface of the city is to establish a hierarchy of necessary services
in terms of size and the corresponding population. Some services require a minimum population to justify the cost
of establishing them, such as educational services, health services, and commercial services. Other services can be
established according to the number of residents who want them, such as public parks. What determines whether
they are needed is what is decided as a minimum per capita. Therefore, a hierarchical scale for each of the main
services (educational, health, commercial, and administrative) is a starting point. Each service is based on the
residential group that it serves because each service has a special scope of influence. The rest of the services are
added according to the population of each group, such as educational services, health services, and commercial
services (Abdullah, 1990).

The movement patterns of individuals are affected by two levels: the spatial structure of residential neighborhoods
and the urban spatial structure (the city), of which the neighborhood structure is a part. The variations in the pattern
of activities and their spatial distribution at the two levels result in variations in the pattern and quantity of the
movement of individuals. This structure is often measured using the indicators of population density and the
proportion of job opportunities available relative to the number of neighborhoods. Handy, (1997) noted that the
previous two indicators are not sufficient to define the relationship between the two structures (neighborhood and
city) because the measure of accessibility is another important tool for determining the relationship of mutual
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influence. Gutierrez, (1980) posited that accessibility is an important characteristic in urban areas. Because
accessibility is the most realistic measure of the degree of integration between land use and the urban transport
system, it can be used as one of the evaluation criteria in studies analyzing the efficiency of the transport system
and in the field of formulating policies for urban planning. Karst, (2004) also believed that transport planning plays
a fundamental role and can be used to measure the social justice associated with the spatial distribution of services
in the population centres of various social and economic levels (Karst ,2004).

The different purposes for studying accessibility and the different local conditions of the urban area make choosing
the most appropriate method for measuring it of fundamental importance. Karst, (2004) defined four criteria that
he derived from multiple studies. The first is that the method must be sensitive to changes in the transportation
system, that is, to assess the extent of ease or difficulty that enables individuals to traverse the distance from the
origin area to the target area using a method-specific transport measured by distance traveled, time, or effort
exerted. The second criterion is that the method be sensitive to changes in the pattern of land use, that is, to measure
the quantity, quality, and spatial distribution of available opportunities (activities and services) and the demand for
those opportunities, considering the impact of the competition among those opportunities. The third criterion is
that the method be sensitive to the constraints of the times in which the opportunities are available; and the fourth
is that it must consider the requirements, capabilities, and opportunities of individuals. These criteria cannot be
considered absolute but are rather a general line of study on accessibility.

The current study is designed to achieve the following objectives:

1. Analyze and evaluate the ease of access to public services in the city of Aqaba using different statistical
and cartographic methods within the environment of geographic information systems (GIS).

2. Assess the status quo for the distribution of public services by determining which neighborhoods in the
city are not covered by public services (not served) within a certain distance.

3. Identify the capabilities inherent in GIS technology in applying spatial analysis methodology to measure
the accessibility of public services in the city of Agaba using spatial analysis tools.

2. Literature Review

Many studies have examined the optimal situation for the distribution of services within cities. Many studies have
addressed ease of access to public services in general or a specific service to assess the current status of services
and their accessibility. The most important of these studies follow.

Albacete et al. (2017) published a study entitled “Measuring the Accessibility of Public Transport: A Critical
Comparison Between Methods in Helsinki.” The study compared two of the scales used to assess the accessibility
of public transportation in the city of Helsinki. The study also focused on determining the most important factors
affecting ease of access to public transportation. The study relied on the comparative approach in addition to using
the structural access layer for public transportation as an indicator of ease of access, and walking was used as an
indicator of ease of access. This study relied mainly on the application of these two methods to the study area to
give planners and decision-makers a simple measure to assess the ease of access to public transportation.

A study by Polo et al. (2015) was entitled “Location-Allocation and Accessibility Models for Improving the Spatial
Planning of Public Health Services.” The study searched for ways to improve the spatial planning of public health
services, integrating accessibility and location-allocation models. Available in GIS, the model was applied by the
authors the minimum movement resistance model, and the results of the accessibility model showed that the
northern, central, and southern regions are not covered by the Vaccination program. The results of the maximum
coverage model and the minimum movement resistance model showed that to improve spatial accessibility,
vaccination sites needed to be re-signed.

Park (2012) study is entitled “Measuring Public Library Accessibility: A Case Study Using GIS.” For accuracy,
the researcher relied on descriptive and statistical approaches to measure distances based on the road network. The
results of the study indicate that distance is a decisive factor in library users’ ease of access and that distance
affected numerous users who lived within the areas defined by Thiessen polygons. People recommended
assessing the needs of user groups and developing library programs and services to meet those needs.

A study by Neutens et al. (2010), “Evaluating the Temporal Organization of Public Service Provision Using Space-
Time Accessibility Analysis,” used temporal and spatial accessibility analysis to explore the impact of changes in
working hours on social service provision. To this end, they implemented an accessibility model and used it in a
case study of the provision of public services in the urban area of Ghent, Belgium. Among the findings of the study
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is that access to public services changes significantly from hour to hour and day to day, but their results also show
that individuals with personal and family characteristics are affected differently by changes in the time system of
public service facilities.

Nicholls” (2010) study, “Measuring the Accessibility and Equity of Public Parks: A Case Study Using GIS,”
measured the levels of accessibility of public parks in Bryan, Texas, using GIS. Nicholls established a geographical
database that provides data to recreational institutions to enhance their planning and the management of their
facilities, to identify the areas that lack recreational services, to identify appropriate sites for the establishment of
new recreational services, to achieve justice in the spatial distribution of recreational services, and to achieve the
desired goals. The study adopted the spatial analysis and diagnostic approaches and used several quantitative
methods. One of the findings of the study is that GIS applications can enable entertainment agencies and
institutions to work more effectively in planning recreational services, and they provide better levels of service.

A study by Tindall (2005) entitled “Local Transportation Plan Accessibility Study” assessed ease of access by
creating a model for a local transportation plan. The researcher relied on fragmented information and integrated
data to obtain indicators of access to public services. This included the model developed by the researcher to obtain
information such as the road and public transportation network and general information about the city and the
existing neighborhoods. The study showed that despite the dispersed nature of the population in the study area,
public services are available in locations that are easily accessible using public transportation.

A study by Chapin et al. (2002) entitled “Urban Land Use Planning” developed a model to measure the ease of
urban access to reflect the integration and compatibility of patterns of urban development of lands, and
transportation infrastructure. The authors relied on five main types of accessibility scales to evaluate several issues
that developed and were studied with this model. The scales were discrete spatial information, or graph theory; the
scale of cumulative opportunities; the scale of attractiveness; the scale of sharing several features with the scale of
gravity; and a scale that contained separate information, such as hourly time. The study showed that the measures
of cumulative opportunity and the scale of attractiveness were the most compatible measures of accessibility with
the study area, and they were evaluated using data from the study area (Dallas/Fort Worth region).

Al-Sahili, and Aboul-Ela’s (1992) study, “Accessibility of Public Services as an Indicator of Transportation
System Sustainability: The Case of Irbid, Jordan,” assesses the connectivity of public service sites in the city of
Irbid. Ibrid is divided into 17 regions, and schools, health facilities, post offices, mosques, gas stations, public
security centres, and banks were distributed throughout each region. Each service represents the maximum distance
that is reasonable to reach a service location, so the coverage distance was used to indicate the fully or partially
serviced areas and unserved areas. The results of the study showed that the city centre is fully served by many
public services, but there are other partially serviced and unserved areas. Where services are concentrated in the
outskirts of the city, as was determined by the study, the ability to access public services was good and was
commensurate with the serviced population.

3. Study Area

The city of Aqaba is located in the Hashemite Kingdom of Jordan southwest of the capital, Amman. Aqaba is
about 350 km and extends between latitudes (029 34 43 and 029 29 41), and extends between longitude (034 58
25 and 035 03 33), as shown in Fig. (1) The city of Aqaba (the centre of the Aqaba governorate) occupies an area
estimated to be 19,571 dunums and has a population of 148,398 people (Department of Statistics, 2015). The city
of Aqgaba is divided administratively into 42 residential neighborhoods. The population density of Aqgaba city is
7.6 inhabitants per dunum. The city centre, which includes most of the commercial and administrative activities,
is located within the old quarters of the city.
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Figure 1. The Study Area

The city of Aqaba is an important model for Jordanian cities with regard to the development it has witnessed in all
fields, especially in the field of urban development. The city of Aqaba has developed and expanded: its urban area
expanded, and its neighborhoods multiplied. The result of this expansion is increased pressure on urban areas at
rates that exceed the city’s ability to provide various services and jobs in sufficient quantity and quality. This has
resulted in many problems related to deficiencies in most types of services. In addition, city leaders did not consider
planning foundations or measures of accessibility for services, which resulted in chaos in the use of land and the
inability of some neighborhoods in the city to provide services to the population at the appropriate level. The
prevailing services at the neighborhood level and the level of the city as a whole have affected the dispersion of
services, their spacing, and the scarcity of supplies to serve the city's residents.

In addition, the city’s population increased; the population growth rate in Aqaba is one of the highest in the
Kingdom. The annual growth rate from 2004 to 2015 reached 4.1% (Department of Statistics, 2004—2015), which
led to the need to establish many services in Aqaba’s various residential neighborhoods, including schools, health
centres, mosques, markets, and public places. Because of the changing environment of the population, these new
services necessitated the re-examination of public service sites because they may not be as efficient, effective, and
accessible as they were in previous years.

The importance of this study also lies in the necessity to study the issue of ease of access to public services and
linking them with transportation in the city of Aqaba because Aqaba is considered a special economic zone. In
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addition to providing the necessary information about the efficiency of the current distribution of public services,
I will evaluate ease of access to services to establish more service units in areas of shortage.

4. Methodology

To achieve the objectives of the study the descriptive and analytical approaches were used, which are based on
studying the phenomenon as it is and then describing it accurately, expressively, and quantitatively. I studied the
public services in the city of Aqaba in terms of their spatial distribution, spread, and ease of access to highlight
their spatial characteristics. GIS have been applied to determine the scope of impact for each service, and I have
tried to take advantage of the capabilities of GIS, depending on the ArcGIS program to manage data (spatial and
descriptive) after entering it and outputting it in the form of maps of various topics. The purpose of using the
program was to build an information base and link metadata with spatial data to design and produce the necessary
maps, depending on the relationship between spatial data (map layers) on the one hand and the relationship of this
data to the metadata associated with it within the program's system on the other.

4.1 Data Sources

The data used in this research were collected from the Aqaba Economic Zone Authority and the Department of
Statistics. The research was based on a map of land use in the city of Aqaba, which was obtained from the Aqaba
Economic Zone Authority 2020. In addition to the map of neighborhoods, I used maps of administrative boundaries
and the road network of Aqaba for the year 2020, all of which were derived from the GIS Section of the Department
of Statistics. The high-resolution, geometrically corrected satellite visuals (1 m) of the city of Aqaba for the year
2020 were based on the Ashplant program, and population data were obtained from the Department of Statistics,
Population and Housing Census of Aqaba City 2007 and the Estimates for population and housing for the year
2020.

4.2 Data Analysis and Processing Tools and Procedures

The research is integrated with the technology of GIS and methods of geospatial analysis. I analyzed the study
data and treated their variables, utilizing some geographical spatial and statistical analysis methods and following
Apparicio, (2008).

Apparicio, (2008) identified five methods of measuring accessibility and used the most common and most accurate
methods of selecting the starting and arriving centres and expressing distance, as will be mentioned later.

The first method is the distance to the nearest service, using the following mathematical formula:

a Zb ‘wb(min|db5|)

Z’. = £L (1

Ypeiwb

where Z is the average of the distance between the departure centre and the nearest service, Wy is the total
population of the originating area b within the total urban area I, and ds is the distance between starting area b and
service s.

The second method is calculating the number of services within a certain distance (or time). In the following
formula,

Wb YiesSj
P = Ly Vi) @
! YbeiWb

Z; is the average number of services within a specified distance from the starting centre, Wy, is the total population
of the originating area b within the total urban area I, S is the total number of services, and S; is the number of
services within a specified distance (time) from the starting centre equal to (1) whenn < dys and equal to (0) when
n > dps.
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The third method is calculating the average distance for all services. In the following formula,

'wbdbs

c bei
76 =Sl 3
: Zpeiwb (

Zi is the average distance between the launch centre and all services, W, is the total population of the originating
area b within the total urban area I, and dys is the distance between starting area b and service s.

The fourth method is calculating the average distance for a certain number of services. In the following formula,

dbs
d _ Ypeiwb ZST
L Ypeiwb

4

Zid is average distance between the centre of departure and n of the nearest services, Wb is the total population of
the originating area b within the total urban area I, dbs is the distance between starting area b and service s, and n
is the specified number of the nearest services.

The fifth method is the gravitational model. In the following formula,

Zie is the average value of the underlying gravitational pull, Wb is the total population of the originating area b
within the total urban area i, S is the total number of services in the study area, dbs is the distance between starting
area b and service s, o is the coefficient of friction (take the values 1, 1.5, 2), and Sws is a weight given to the
service is based on its size (for example, the number of beds in a hospital).

There are several ways to represent staging areas (the origin). To assess the accessibility of services for residents
of a given residential area, there are three ways to represent the locations of individuals (Hewko, 2002). The first
method is the adoption of the engineering centre (centroid) for all residential neighborhoods. As shown in Fig.
(1a), this method does not consider variations in residential densities or the nature of the spatial distribution of
residents within the residential neighborhood.

The second method is to adopt the following formula:

TbeiWhxb Yiei wbxb}
X;, ;) = Jebeit R0 skei W 6
() = {Rpc B (

This formula will determine the coordinates of the centre of the residential neighborhood. The residential
neighborhood is divided into homogeneous groups of residential densities and then given a weight that fits the
population size of each spatial unit (it may be a housing unit, a residential block, or a group of residential blocks)
in relation to the total size of the neighborhood’s population. The result will be a residential centre which prefers
the more populated areas. Population density does not match the geometric centre and is called the population-
weighted mean centre, as shown in Fig. (2.b). The third method does not depend on a single centre for the
residential area but deals with all centres of the approved spatial units. All distances from these centres to the
services are measured, and then the average of these distances is calculated with weighting based on the population
size of each approved spatial unit. These results appear in Figure (2¢)
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(a) Census tract

[ Census tract (4)

B Hospital (5)

® Census tract centroid (4)

(b) Census tract versus dissemination area

[ Census tract (4)
Dissemination area (25)
® Dissemination area centroid (25)
B Hospital (5)

(c) Census tract versus block

Minimum distance to hospital using
shortest network distance (in metres)

Census tract

(@)

(b)

(c)

i 583 505 512
i 773 770 684
iii 625 789 814
iv 160 449 414
[ Census tract (4)

Block centroid (93)

Block (93)
B Hospital (5)

Note: Number in parentheses indicates

1000 metres
| the number of spatial units.

Figure 2. Methods of Representing the Spatial Units of Residential Neighborhoods

Source: Apparicio, 2008, p. 3

There are four ways to express distance, which can be seen in Figure (3). The first way is Euclidean distance,
which represents the direct measurement between the centre of the starting area and the centre of the arrival area.
The second method is Manhattan distance, which represents the distance along the two straight sides opposite the
chord (direct distance). The third way is the distance to the shortest path on the road network (shortest network
distance) between the centre of the starting area and the centre of the arrival area. The fourth way is the time for
the shortest path on the road network (shortest network time) between the centre of the starting area and the centre

of the arrival area.

Road network

Highway
Street

Manhattan distance (4.0 km)

Figure 3. Methods for Expressing Distance. Source: Apparicio, 2008, p. 5
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5. Discussion

This section contains analysis of the results of the three measures of accessibility, first based on actual distances
and then based on the distances weighted by the population size of each residential neighbourhood. The first
measurement is of accessibility to public services in the city of Aqaba using GIS. I measured the distribution of
public service sites and the locations of residential neighborhoods within the city as a primary factor for
determining accessibility and regardless of the frequency of their use by people. The calculations of actual
distances were weighted by the population size factor. The first distance measured was to the nearest service.
Toolbox Analysis (Proximity —Near) identified the actual distance between the neighborhood centre and the closest
location of the five services selected for measurement. The results are shown in Table (1) (distance method to the
nearest service). This Table indicates the direct distance between the centre of each neighborhood and the nearest
meter-measured service. See Fig. (4).
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Figure 4. Measuring the Nearest Commercial Service.

Source: Preparation of researchers
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The second method measures the number of services within a certain distance, Using the tool Create Buffer,

barriers in GIS mean the borders that surround one of the geographical phenomena on the map (point, line, polygon)
with equal distances from those phenomena separating the map into two types of areas. One area is located within

a specified distance called the Buffer Zone, which expresses a specific event; and the other is behind it. Barriers

with radii of 200 m, 500 m, or 1000 m were set up around the centres of each residential neighborhood, and the

number of services within each barrier were counted as well as each service separately. The results, the number of
services within a distance, are presented in Table (2). See Fig. (5).
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(as an example)

Source: Preparation of researchers.

The third method measures average distance for all services. Using the Toolbox Analysis Tool (Proximity—Point
Distance), we calculated the sum of the distances between the Mahalla centre and all the sites for each service. We
then averaged these distances by dividing by the number of services. The results are presented in Table (3) (average
distance method for all services). See Fig (6).
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Figure 6. Calculating the Average Distance Between the Neighborhood Centre and a Specific Service

Source: Preparation of researchers

Next, we calculated actual distances to the nearest service. Applying the distance method to the nearest service
showed that educational services enjoyed the greatest ease of access. We examined the numerical ratio of the
neighborhoods served within the three ranges, and the total average distances for the closest service were recorded
at 389 m, which is within the accepted standard of 400 m—500 m. We can explain this by how these services are
planned; they are subject to spatial criteria that locate them in most residential neighborhoods in the city,
contributing to their ease of access. The convergence of educational services with administrative, commercial, and
entertainment services reflects a homogeneous spatial distribution and did not exceed the accepted standard of 800
m. Health services were close to the services above at the 1000 m range, which indicates an imbalance in their
spatial distribution and a decrease in their number, as shown in Table (1).
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Table 1. The number of serviced neighborhoods and the average distances by the nearest service method

Number of
neighborhoods served
within the distance

Distance to the nearest service (m)

2200 ~500 ~1000 Total Average distances
distance(m) for all services (m)
Administrative 61 8 33 24236 577
19%  50%  79%
Commercial 41 11 22 36 23253 554
26%  52% 86%
Educational 58 16 30 39 16327 389
38%  71%  93%
Health 9 3 17 29 35168 837
7%  40%  69%
Entertainment 34 9 23 37 22076 526
21%  55% 88%

Source: Preparation of researchers

The results of the second method, recording the number of services within a certain distance, were substantially

close to the previous method. Educational services recorded the highest coverage rates for the three bands

whereas health services recorded the lowest percentage. The results for commercial and administrative services

remained close, and the number of services for the three domains were the same. See Table (2).

Table 2. the percentages of residential neighborhoods served by the number of services methods

Number The percentages of serviced residential neighborhoods within a radius of (200,500,1000) (m)
O_f Administrative Commercial Educational Health Entertainment
serviees 200 500 1000 200 500 1000 200 500 1000 200 500 1000 200 500 1000
0 82% 54% 22% T1% 45% 17% 62% 31% 7% 93% 59% 31% 79% 45% 11%
1 2% 7% 7% 14% 14% 14% 29% 7% 0% 7% 36% 40% 14% 12% 17%
2 2% 12% 10% 7% 21% 14% 5% 17% 10% 0% 0% 14% 5% 10% 7%
3 2% 2% 10% 2% 2% 7% 0% 14% 5% 0% 5% 10% 2% 12% 5%
4 0% 2% 0% 2% 5% 2% 2% 14% 2% 0% 0% 5% 0% 7% 2%
5 0% 5% 5% 0% 2% 10% 0% 2% 5% 0% 0% 0% 0% 2% 5%
6 0% 7% 7% 0% 0% 5% 0% 5% 12% 0% 0% 0% 0% 5% 12%
7 0% 0% 0% 0% 0% 2% 2% 0% 7% 0% 0% 0% 0% 2% 10%
8 0% 2% 2% 2% 0% 2% 0% 0% 2% 0% 0% 0% 0% 5% 7%
9 0% 2% 2% 0% 2% 2% 0% 5% 7% 0% 0% 0% 0% 0% 5%
10 2% 0% 2% 0% 0% 0% 0% 2% 2% 0% 0% 0% 0% 0% 7%
10< 0% 7% 33% 0% 7% 24% 0% 2% 40% 0% 0% 0% 0% %0 12%

Source: Preparation of researchers
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Applying the average distance method for all services showed a slight difference in the results compared with the
two previous methods. Here commercial services had the greatest ease of access, followed by educational and
entertainment services, with a slight difference, while the health and administrative services were the most
difficult to access. See Table (3).

Table 3. the number of serviced residential neighborhoods and the average distances for the average distance
method for all services

service  The total Distance rate method for all services(
type number Number of neighborhoods served within the Average distance for all services
of the distance (m)
service
2000 m 3000m 4000 m 5000 m Total Average distances
distance (m) for all services
(m)
Administra 61 15 27 40 41 109332 2603
¢ 35% 64% 95% 98%
Commerecic 41 20 32 41 41 94759 2256
47% 76% 98% 98%
Educationa 58 17 35 41 42 97829 2329
40% 83% 98% 100%
Health 9 13 34 41 42 103633 2467
31% 81% 98% 100%
Entertainm 34 18 36 41 42 98269 2340
43% 86% 98% 100%

Source: Preparation of researchers

We implemented a weighted distance analysis to measure ease of access to public services in the study area. The
importance of this analysis lies in taking the variance in the population size of residential neighborhoods as a
weighted factor in determining the degree of relative importance.

In our analysis, the distance equation was applied to the nearest service, and the distance equation was applied for
all services. Using the actual distances and population numbers, we calculated the weighted distances for public
services and from all residential neighborhoods. According to the average of these distances and the average rates
for all services, weight of ease of access was calculated for each service. Using the formula for the number of
services within a certain distance (or time) and in the same way as above, we calculated the weighted average
number of services, as shown in Table (4).
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Table 4. The degree of ease of access to various services according to the method of measuring accessibility for
public services

services The degree of accessibility

Method of nearest service =~ Method of number of services ~ Average distances method

Distance . .
equation to . Equation of . Dlst.ance .
nearest Weighted numb.er of Weighted equatlor} for Weighted
service value services value all services value
(number) (m)
(m)
Commercial 435 1.08 1.48 1.28 1968 1.09
Educational 301 1.56 3.24 0.59 2064 1.04
Administrative 690 0.68 1.63 1.17 2381 0.90
Health 509 0,92 0.83 2.29 2208 0.97
Entertainment 414 1.13 2.32 0.82 2072 1.03
Total 469.8 1.08 2 1.23 2138.6 1

Source: Preparation of researchers

Table (4) shows contrasts among the three equations. The equation for the distance to the nearest service shows
that educational services are the most accessible, followed by entertainment, commercial, health, and, finally,
administrative. The equation for the number of services within a certain distance (or time) shows that educational
services are the most accessible, followed by entertainment, administrative, commercial, and, finally, health. The
distance equation for all services shows that administrative services are the most accessible, followed by
educational, health, entertainment, and, finally, commercial services.

6. Conclusion

The results of this research reflect the possibility of measuring the accessibility of public services in the city of
Agqaba using available spatial analysis tools within the GIS software environment. Some suitable suggestions have
been developed to solve the problems in the study area.

The results of the spatial analysis of public services using the distance method to the nearest service showed that
educational services recorded the highest ease of access by the numerical ratio of the neighborhoods served and
within the three ranges. The total average distances of the nearest service were recorded (389 m), which is within
the accepted standard of 400 m—500 m. There is a convergence with administrative, commercial and entertainment
services, which reflects a homogeneous spatial distribution and does not exceed the accepted standard of 800 m.
Health services approached the range of 1000 m. The results of the spatial analysis using the method of number of
services within a certain distance showed that educational services had the highest coverage rates for the three
ranges (200 m, 500 m, 1000 m), whereas health services recorded the lowest and commercial and administrative
services remained convergent.

Applying the average distance method for all services showed that there is a slight difference in the results from
the two methods (distance to the nearest service, number of services); they showed that commercial services have
the highest accessibility, followed by educational and entertainment services, with a slight difference, whereas
health and administrative services are less easily accessed.

We applied the method of weighted distances using the three equations. The distance to the nearest service equation
showed that educational services are the most accessible, followed by recreational, commercial, health, and finally
administrative. The equation for the number of services within a certain distance (or time) showed that educational
services are the most accessible, followed by entertainment, administrative, commercial, and, finally, health
services. The equation for the distances of all services showed that administrative services are most accessible,
followed by educational, health, recreational, and, finally, commercial services.
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7. Recommendations

Our recommendations, based on the analysis and discussion of the results, are that the population increase in
underserved or partially served areas (especially the peripheral neighborhoods) should be considered so that the
people who live there are provided with public services within an appropriate distance that covers the scope of the
impact of these services. We also believe it is necessary to adopt ease of access to public services as a major factor
when distributing and planning the sites of these services in the city while also acknowledging the presence of
other factors. It is important to develop planning standards for public services that are commensurate with the
current reality of Jordanian cities but also to ensure a certain level of conformity to international standards for the
study area before adopting and applying them. The results of this study can be used to determine such standards.
In addition, our results point to the necessity of providing some public services such as health care centres in
neighborhoods that are not served or that face difficulty in accessing these services, such as the northern
neighborhoods of the city. This study contributes to a greater understanding of spatial analysis for accessibility to
public services using GIS in the decision-making process.
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