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Abstract: The management of land use in big cities and capitals and the surrounding adjacent urban
aggregates is still of major importance in the field of urban development, especially in cities with
populations of millions and various types of land uses and economic activities. The rural-urban
continuum between the cities of Ar Riyadh and Al Kharj suffers from an unclear general land use
trend, due to urban expansion at the expense of the agriculture lands, the imbalance of the population
compound, the deterioration of the urban fabric, lack and poor distribution of services, and the
dominance of industrial land use at the expense of other uses. These factors have led to an increase
in environmental changes and loss of the environmental and ecological characteristics of this area
between Ar Riyadh and Al Kharj. The present study aims at evaluating the land use suitability for
urban development in the rural-urban continuum between Ar Riyadh and Al Kharj cities. This is
achieved by using the GIS-based Multi Criteria decision Analysis (GIS-MCDA) on twelve various
economic, environmental, urban, and law criteria. The weights of criteria were determined using
the Analytic Hierarchy Process (AHP) method. The results of the spatial suitability map of the land
use for sustainable urban development revealed that there are five categories of spatial suitability
ranging in suitability from 32% to 86%. The recommended areas for sustainable urban development
are those with a spatial suitability upwards of 70% in the rural-urban continuum corridor between
Ar Riyadh and Al Kharj cities. The sustainable development in this corridor can be achieved by
executing high priority projects that ensure and support the urban sustainable development plan
through establishing four local urban development centers and upgrading four current villages to
rural communities, aiming at strengthening the functional bonds between the rural communities and
the local urban development centers. These projects will limit the sustainable urban development to
specific areas without allowing random expansion, avoiding the urban conjugation of the two Ar
Riyadh and Al Kharj cities through the connecting area between them.

Keywords: the rural-urban continuum; spatial suitability; MCDA; AHP; land use management;
sustainable urban development
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1. Introduction

There is increasing worldwide interest in the study of cities” surrounding areas [1-4]. It can’t
be denied that these areas show effects relating to both the social environmental activities and the
infrastructure [2,3,5]. The rapid civilization yields many problems that affect the environmental
sustainability at all levels [1,3,6]; these problems are widely abundant in the areas surrounding cities
and urban communities, as these areas became favorable for resettlement to most people settling in
cities for practicing their economical and commercial activities [7-9], due to the relatively low rent and
the availability of agricultural lands near by the work centers in the city [10-14].

The rural-urban continuum describes the peripheral areas of cities absorbing the excess flow of
population and commercial activities. It is regarded as a transitional stage between the urban and
semi-urban areas, showing the characteristics of both the urban and rural environments. These areas
are characterized by continuous changes in the pattern of land uses, and the way the people live and
the urban extension they constitute. These areas are zones of transitional demographic and social
characteristics, having various types of land uses with a predominance of agriculture land use [7,15-18].

Due to the strategic locations of the rural-urban continuums and their multifunctional capabilities,
all types of land use in these areas are continuously affected by their location. Consequently, it is a
must to evaluate the land suitability for environmental urban development in these areas to cease the
undesired random urban expansion and protect the characteristics of these areas (areas surrounding
cities or cities’ peripheral areas) [19].

Land suitability evaluation is the prediction of the suitability of a land to a specific type of
land use in an area, this provides a logic basic for land use planning [20] especially in developing
countries. One of the key issues in land use planning is determining the suitable locations for urban
development in cities’ peripheral areas. Land use decisions for sustainable urban development requires
considering various physical, environmental, demographic, natural, economic, planning, social, and
managerial factors. Combining these factors in the decision making process is not always an easy
task, as these decisions will be made for evaluating the suitability of land to a specific purpose [21].
This provides a larger overview for developing and planning the lands of these areas and supports
the use of resources according to scientific logical basics [22-28]. Scientists have done many studies
on evaluating land suitability; in the 1960s, land suitability evaluation was the main basis for urban
planning [29], and since the 1970s GIS techniques have encouraged the development of land suitability
evaluation [24,25,30-35]. Catching up with new advances in the technologies of data collection
and processing, the land suitability technique is applied in various fields including crop suitability
evaluation [36—40], landscape planning and hazards [41,42], water management and planning [43-45],
evaluation of the environmental impacts [46,47], evaluation of land uses [48-50], and sustainable urban
development [51-54].

Suitability analysis consists of the processes and procedures used for proving the suitability of a
system based on the needs of the beneficiaries. The land suitability evaluation involves defining the
suitable locations for development through determining the suitability index of a specific area [55,56].
GIS techniques are powerful tools for monitoring urban and environmental changes and their impacts
on the ecological system [57]. Analyzing the land suitability using GIS is a process for determining
the optimal locations for development, taking into account the environmental sustainability [58].
Other tools are integrated with the GIS techniques for determining the importance and weights of
the criteria used in the analytic process. The integration of the GIS and Multi Criteria Decision
Analysis (MCDA) techniques is regarded as a powerful approach for evaluating land suitability [59].
Planning for sustainability enhances the suitability analysis, which is a complicated process as it
depends on different factors and criteria to be taken into consideration during the suitability evaluation
analysis [60].

MCDA is used for analyzing the suitability of lands to urban growth and treating the
decision-making problems using multiple criteria [25,61,62]. The aim of MCDA is studying the
probabilities suggested based on multi criteria and multi objectives [63]. The Analytic Hierarchy
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Process (AHP) method that was developed by Saaty [64] is one of the most important methods for
analyzing land suitability and providing the decision makers and planners with the statistical analysis
data before they make their final decision regarding the future changes in land uses [65-68]. Integration
of AHP and GIS was done to determine the importance of the used criteria and to calculate their
weights according to importance, with regard to experts’ opinions [69-71].

The study problem appears in the unclear general trend for land uses: the urban strategy of KSA
recommends the corridor to have industrial, commercial, and agriculture activities to support the
economy in the central area of the kingdom, while, the planning of Al Kharj city suggests that this
area should be an agricultural recreational corridor, having no industrial constructions to avoid urban
concentration and the conjugation of the urban masses of Ar Riyadh and Al Kharj.

This is in addition to the rapid changes in the land use map of the continuum and the growing
urban expansion at the expense of the agriculture lands. Agricultural lands lost about 60 km? from
their total area during the past thirty years, from 1988-2019, with an annual average decrease of 2 km?.
This decrease favored the indiscriminate industrial and urban invasion, where the industrial spaces
increased with a growth rate of 4% and the urban areas increased similarly. This led to an the imbalance
of the population compound, the deterioration of the urban fabric, lack and poor distribution of
services, dominance of the industrial land use at the expense of other uses, an increase in environmental
changes, and loss of the environmental and ecological characteristics of this area between Ar Riyadh
and Al Kharj.

The regional development of the Ar Riyadh—-Al Kharj rural-urban continuum is becoming
increasingly unstable, so it is a major issue for the planners and policy makers to achieve balance
between economic development activities and the environmental safety of this area, through evaluating
land suitability for development.

The present study aims at evaluating the land suitability for sustainable urban development of
the rural-urban continuum between Ar Riyadh and Al Kharj cities to guarantee the sustainability of
resources and achieve sustainable environmental, urban, and economic development in this area, in
accordance with the KSA vision 2030. This is achieved through using the GIS-based Multi Criteria
Decision Analysis (GIS-MCDA) on twelve different economic, environmental, urban, and law criteria.
The weights of criteria were determined using the AHP method.

2. Area of Study

The rural-urban continuum between the cities of Ar Riyadh and Al Kharj lies on the Ar Riyadh-Al
Kharj highway, extending about 45 km in length with an average width of about 4.5 km on both sides
of the road. It extends from the end of the industrial south of Ar Riyadh to the beginning of (exit
number (7)) the north of Al Kharj. It is located between latitudes 24° 13’ 58.31” N to 24° 29’ 48.57” N
and longitudes 46° 56" 29.62” E to 47° 12" 44.44” E (Figure 1).
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Figure 1. Location of the rural-urban continuum (Ar Riyadh-Al Kharj), KSA, 2019.

The study area comprises seven urban communities listed from south to north as the following:
Al Bjadyah, Ar Refaeiyah, Heit Al Janowbeyiah, Al Amajiah, Heit, and Ar Rayyah, with a population
of 16,819 inhabitants (after the general survey authority, 2018). The study area is characterized by
the presence of various land uses with predominantly industrial land use at a large scale; besides the
existence of palm farms and their related industries, there are also many recreational sites including
camping areas, open spaces, and rests from analysis. The Landsat-OLI 8 satellite images for 2019 were
obtained from the United States Geologic Survey (USGS) website (Figure 2).
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Figure 2. The rural-urban continuum between Ar Riyadh and Al Kharj cities, 2019.

Figures 3 and 4 indicate the most important features of the change in the urban-rural contact area
during the period from 19882019, in which agricultural lands decreased by about 60 km? out of a total
area of 225 km? in 1988, which became 162 km? in 2019 when the annual decrease rate reached about 2
km?. The annual decreasing growth rate was about 1%. Urban areas increased from 36 km? to 114 km?
with a growth rate of 4% and an average annual increase of 2.5 km? during the same period. There was
also an invasion and occupation of industrial areas, which increased from 12 km? to 42 km? during the
same period, with a growth rate of 4% and an average annual increase of 1 km?. This requires rapid
intervention to control industrial and urban expansions at the expense of agricultural land by way of
setting a comprehensive vision for sustainable urban development in this vital area.
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Figure 3. The land use of the rural-urban continuum between Ar Riyadh and Al Kharj cities, 1988.
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Figure 4. The land use of the rural-urban continuum between Ar Riyadh and Al Kharj cities, 2019.
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3. Methodology and Data Processing

The main objective of using the MCDA technique is analyzing many selection probabilities in
light of multiple criteria. The MCDA technique allows evaluating and supporting the decision-making
process in the urban regional planning processes [72]. Stages the study goes through to obtain the final
spatial suitability map are illustrated in Figure 5.
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Figure 5. Evaluation of land use suitability for sustainable urban development in the rural-urban
continuum (Ar Riyadh-Al Kharj) using the Multi Criteria Decision Analysis (MCDA) technique.

3.1. The Data Input for MCDA

To conduct MCDA analysis in the rural-urban continuum between Ar Riyadh and Al Kharj Cities,
the necessary data was obtained from several different sources with standardization of measurements
and projections, so that data integrated within the geographic information systems and data from
different sources were collected to cover all the information about the twelve criteria; five topographic
maps with scale 1:50,000, and a geologic map (GM-121 C) of Ar Riyadh with scale 1:250,000 were
obtained from the General Authority for Geologic Survey. Digital Elevation Model (DEM) data with a
resolution of 12 m was obtained from the (Vertex) website of NASA. Landsat-OLI 8 satellite images
for 2019 were obtained from the United States Geologic Survey (USGS) website for monitoring and
delineating the agriculture areas, urban areas, and other features that might be of interest to the study.
The Atlas maps of the regional planning of Ar Riyadh were also implemented in the study and were
obtained from the “Royal commission for Riyadh city”, and the maps of the regional planning of Al
Kharj were obtained from the Ministry of Municipal and Rural Affairs of KSA. Table 1 shows the input
data, types, spatial accuracy and sources.
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Table 1. The input data, spatial accuracy, and sources used in study.

M Input Data Scale and Spatial Accuracy Source
1 Geologic Formation scale 1:250,000 General Authorlty for
Geologic Survey
2 Soil scale 1:250,000 Ministry of environment
water & Agriculture
3 Streams/Valleys DEM 12 m (Vertex) website of NASA
4 Slopes DEM 12 m (Vertex) website of NASA
. o United States Geologic Survey
5 Agriculture Areas satellite image Landsat 8/OLI (USGS) website
o United States Geologic Survey
6 Urban Areas satellite image Landsat 8/OLI (USGS) website
o United States Geologic Survey
7 Road Networks satellite image Landsat 8/OLI (USGS) website
8 Railwavs Regional Plan atlas for Royal commission for
y Riyadh region Riyadh city—2019
topographic maps scale General Authority for Geologic
9 Wells 1:50,000—Regional Plan atlas Survey—Royal commission for
for Riyadh region Riyadh city—2019
. topographic maps General Authority for
10 Power Lines scale 1:50,000 Geologic Survey
topographic maps General Authority for
1 Crevasses/Faults scale 1:50,000 Geologic Survey
1 Environmental Areas topographic maps General Authority for

scale 1:50,000

Geologic Survey

3.2. Criteria Definition

The initial stage of MCDA is concerned with combining data for several different criteria for
decision-making purposes [73]. Based on the current local and international literature and personal
interviews [74], the criteria that were found to be influencing the construction of new urban areas in
the rural-urban continuum area between Ar Riyadh and Al Kharj cities were determined. Twelve
criteria were determined and their weights were defined using the AHP method, these criteria are as
follows: “Slopes” (S), “Streams/Valleys” (V), “Urban Areas” (U), “Road Networks” (R), “Railways”
(RW), “Agriculture Areas” (A), “Soil Type” (SO), “Geologic Formation” (G), “Crevasses/Faults” (C),
“Wells” (W), “Environmental Areas” (E), and “Power Lines” (P).

3.3. Reclassification of Data

In this stage, the comparison process was carried out by reclassifying the values of the parameters
by replacing the values of the cells of the input layers with values compatible with the analysis
procedures, then determining the suitability categories and reclassifying the distance map for each
parameter according to the degree of suitability of the ranges. Ten categories were defined for each
distance map for all the parameters/criteria; these categories were classified by values from 1 to 10
values, with the distance category closest to the parameter (criteria or facility) being assigned the
highest value (10) and that with the longest distance to the parameter being given the lowest value (1).
The reclassification process was carried out in Arc GIS software, where the “Spatial Analyst” group is
selected, then the “Reclass” group, and finally “Reclassify”, as show in Table 2. Figures 6—8 show the
distance ranges for the different criteria affecting the rural-urban continuum between the cities of Ar
Riyadh and Al Kharj.
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Table 2. Category classification and suitability for the different criteria affecting the rural-urban
continuum between Ar Riyadh and Al Kharj.

Parameter Categories Suitability Suitability Value
Slopes 010 5 degrecs o suiabiiy 1
SheamsValleys 010 her swabity) 0
Urban Areas 1-10) more than 17 kan (v autabliy) 1
e s e R
Agiculture Areas (10 mor than 15 kan (higher sutabiiy) 10
calcic orthider (low suitability) 1
Soil Type (1-10) torry samantas + rock fljagrp.e:nts and 10

notches (higher suitability)

Geologic Formation  (1-10) Ruts Formation (higher aabiiy) 10
Crevasses/Faults (1-10) more than 22 km (igher sutabilty 10
wels 040 o han ko (righor sutabiiy) 10
Bnvironmental Areas (110 more than 23k (hgher stabirty 10
Power Lines (1-10) more than 30 km (igher sutabilty 10
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Figure 6. The distance ranges (part 1): (A) streams/valleys, (B) earth surface slopes, (C) road networks,

(D) urban areas.
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Figure 8. The distance ranges (part 3): (A) crevasses/faults, (B) water sources, (C) power lines, (D)
environmental areas.

3.4. Criteria Weighing

The process of giving weights for the criteria of the study is one of the most sensitive points in
this type of analysis; the Analytic Hierarchy Process (AHP) method was used for criteria weights, as
this method proved its high efficiency in solving complex problems [75]. It was introduced by Thomas
Saaty (Table 3) and is very helpful in decision making.

Table 3. The Analytic Hierarchy Process (AHP) method after Thomas Saaty.

The Weight or Preference Index Explanation of How Important a Parameter Compared to Another
1 Equally important
3 Moderately more important
5 Strongly more important
7 Very strongly more important
9

Overwhelmingly more important

2—4—6—38 Inter between weights can be used in the pairwise comparisons

The AHP technique has gone through successive stages of generating the pairwise comparison
matrix with criteria values from 1 to 9 as the previous table (Table 3). All values in the diameter must
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equal 1 as they represent the comparison of one criterion against itself. Values above the diameter are
the inverse of that below it. After the numerical comparison, the sum of the columns is obtained and
then divided by the total sum to obtain the relative weight.

3.4.1. The First Stage: Giving the Criteria Preferences Values Based on Thomas Saaty Table

The preferences are determined in the AHP method based on pairwise comparisons that are based
on evaluating each element/criterion against all the other elements/criteria in a specific hierarchal
level. The element is a specific character, such as a variable or evaluation parameter, and the reference
comparison point is a higher element in the hierarchal chain.

[aij], wherei, j=1,2,...n, 1)
ajj =1 fori=j, 2)

1
aij = — fori#j. ®3)

ji

The preferences matrix is a result of pairwise comparison of all the elements in a specific hierarchy
level. Formula (1) indicates a matrix of n*n dimensions where (1) is the number of elements that
were compared.

Formula (2) is an expression of the principle of preference, in which two identical elements
compared to each other are not differentiated by preference, and the difference in preferences is
expressed by the number 1, so all the values of the elements on the diameter of the matrix are equal
to1.

In the AHP, it is supposed that the preferences are alternated (Formula 3); if we suppose that (i)
is (x) times more important than (j), it is automatically supposed that element (j) is (1/x) times the
importance of element (7).

In the pairwise comparisons of the elements (1) it is enough to provide the comparison values
above the diameter in the matrix (A), the rest of the values are filled automatically for the diameter and
inversed below the diameter. The total number of required comparisons equal (1(n-1))/2. Comparison
between one service against all of the services is performed and the comparison value is presented in a
matrix (Table 4).

Table 4. The preferences values of the criteria using the AHP method.

Service S \% U R RwW A SO G C W E P
S 1 1 2 3 4 5 6 6 7 8 9 9
\Y% 1 1 2 3 4 5 6 6 7 8 9 9
U 0.5 0.5 1 2 3 4 5 5 6 7 8 8
R 0.33 0.33 0.5 1 2 3 4 4 5 6 7 8

RW 0.25 0.25 0.33 0.5 1 2 3 3 4 5 6 7
A 0.2 0.2 0.25 0.33 0.5 1 2 2 3 4 5 6
SO 0.17 0.17 0.2 0.25 0.33 0.5 1 1 2 3 4 5
G 0.17 0.17 0.2 0.25 0.33 0.5 1 1 2 3 4 5
C 0.14 0.14 0.17 0.2 0.25 0.33 0.5 0.5 1 2 3 4
\ 0.13 0.13 0.14 0.17 0.2 0.25 0.33 0.33 0.5 1 2 3
E 0.11 0.11 0.13 0.14 0.17 0.2 0.25 0.25 0.33 0.5 1 2
P 0.11 0.11 0.13 0.13 0.14 0.17 0.2 0.2 0.25 0.33 0.5 1

Sum 4.11 4.11 7.05 1097 1592 2195 2928 29.28 38.08 47.83  58.5 67
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3.4.2. The Second Stage: The Percentage of the Preference Value for Each Parameter

A—Percentage of preference values:
The percentage of preference values between two parameters—one in a column and the other in a
row—can be determined using the formula:

_ Ajk
Ajp = —7——
] m
21:1 ajk

4)

where:
aj: The percentage of preference between two parameters in column and row.
aji: The values of preference between two parameters in column and row.
m
Y. ag : The total sum of the column parameter.

1=]
All the percentages for all the parameters were computed and presented in Table 5.

Table 5. The percentages of the preferences values using the AHP method.

Service S \% U R RwW A SO G C W E P
S 0243 0243 0284 0273 0251 0228 0205 0205 0.184 0167 0.154 0.134
\Y 0243 0243 0284 0273 0251 0228 0205 0205 0.184 0167 0.154 0.134
U 0.122 0122 0.142 0182 0.18 0182 0.171 0171 0158 0.146 0137 0.119
R 0.080 0.080 0.071 0.091 0.126 0137 0137 0.137 0.131 0125 0.120 0.119
RW 0.061 0.061 0.047 0.046 0063 0.091 0102 0.102 0.105 0.105 0.103 0.104
A 0.049 0.049 0.035 0.030 0.031 0.046 0.068 0.068 0.079 0.084 0.085 0.090
SO 0.041 0.041 0.028 0.023 0.021 0.023 0.034 0.034 0.053 0.063 0.068 0.075
G 0.041 0.041 0.028 0.023 0.021 0.023 0.034 0.034 0053 0.063 0.068 0.075
C 0.034 0.034 0024 0.018 0016 0.015 0.017 0.017 0.026 0.042 0.051 0.060
\% 0.032 0.032 0.020 0.015 0.013 0.011 0.011 0.011 0.013 0.021 0.034 0.045
E
P

0.027 0.027 0.018 0.013 0.011 0.009 0.009 0.009 0.009 0.010 0.017 0.030
0.027 0.027 0.018 0.012 0.009 0.008 0.007 0.007 0.007 0.007 0.009 0.015
Sum 1 1 1 1 1 1 1 1 1 1 1 1

B—Values of the relative weights:
The relative weights values are determined using the formula:

X
] m

©)

where:

wj: The value of the relative weight for the row parameter.
m
aj;: Sum of the percentages of the preference values for a row parameter.
1=I

m
m: The final value of the sum ), ajl for all rows, Table 6 shows the final weights.
1=I
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Table 6. The relative weights of criteria using the AHP method.

Service Sum of the Row The Relative Weight
S 2.572 0.214
A\ 2.572 0.214
U 1.840 0.153
R 1.354 0.113

RW 0.990 0.082
A 0.714 0.059
SO 0.504 0.042
G 0.504 0.042
C 0.354 0.030
W 0.258 0.022
E 0.188 0.016
P 0.151 0.013
Sum 12 1

3.4.3. The Third Stage: Consistency Verification Index for Calculating the Consistency Mathematically

Firstly: the consistency is computed using the formula:

_ AMax-—-n

CI —

(6)
where:
AMax: The square root of the pairwise comparison matrix mean
n: The number of parameters or criteria
8.7-8

Cl = - =0.1 ()

The closer the result to zero, the more confident the consistency index and vice versa.
Secondly: calculating the consistency index percent from the formula:

I
Stability ratio = % (8)

where R is the random consistency index based on the number of criteria taken from Table 7.

Table 7. Random Stability Index.

N 1 2 3 4 5 6 7 8 9 10
R 0 0 0.52 0.89 1.11 1.25 1.3 1.4 1.45 1.49

The value of the random consistency index based on the previous table is equal to 1.49, because
the criteria used are more than 10. The percent of the consistency index is 0.07/1.49 = 5% = 0.05.

The consistency values must be in a consistent range not exceeding 0.1 (i.e., 10%), as the higher
the value is than 0.1, the more conflict in consistency.
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4. Results and Discussion

4.1. Planning and Determining the Optimum Locations for Constructing New Urban Areas in the

Rural-Urban Continuum (Ar Riyadh—Al Kharj)

16 of 30

The details of the spatial suitability maps analysis (Figures 9-11 and Table 8) of the used criteria
for determining the best locations for constructing new urban areas in the rural-urban continuum

(Ar Riyadh—Al Kharj) are as follows:
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Figure 9. The spatial suitability (part 1) of (A) streams/valleys, (B) earth surface slopes, (C) road

networks, (D) urban areas.
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Figure 10. The spatial suitability (part 2) of (A) agriculture areas, (B) railways, (C) geology, (D) soil type.



Environments 2020, 7, 75

47°0'E

47°12'E

Spatial Suitability Classes (Cravesses)

B 1 east suiavie) [ 6

Spatial Suitability Classes (Power Lines)

B 1 (st suitable) [ 6

47°12'E

47°12'E

K .
[ E [ -
== . -
/s I 10 (Mot suitable)
47°0'E 47°12°E

47°0'E 47°12'E

‘Spatial Suitability Classes (Wells)

B ¢ eastsunavie) [ |6
2 =

0 (Most suitable)

47°12'E

47°12'E

Spatial ity Classes

I ¢ (Lesstsuitable) [ ] 6

&

I 10 (Most suitable)
L

47°0'E

AT12'E

18 of 30

Figure 11. The spatial suitability (part 3) of (A) crevasses/faults, (B) water sources, (C) power lines, (D)

environmental areas.

Table 8. The spatial suitability analysis results for the different criteria affecting the rural-urban

continuum area between Ar Riyadh and Al Kharj.

Areas of Low Spatial Suitability

Areas of High Spatial Suitability

m Parameter
Category (‘i:::? ) % Category (ﬁ::;) %
1 Slopes more than 6.49 0.24 less than 4 degrees 159831 5875
25 degrees
2 Streams/Valleys  less than 0.5 km  1082.87 39.8 more than 3 km 75.94 2.79
3 Urban Areas more than 15 km 241 0.89 less than 3 km 1569.24 57.68
4 Road Networks — more than 12 km 16.41 0.6 less than 2 km 1450.68 53.32
5 Railways more than 30 km 93.41 343 less than 2 km 250.25 9.2
6 AgXﬁ:;:“e lessthan1km 98859 36.34 more than 13 km 19.52 0.72
calcic orthider (torry samantas + rock fragments and
7 Soil Type torr samanta; 269.18 9.89 notches) and orthider + torry 1493.87 5491
y orthider+ rock fragments and notches)
8 Geologic Deghom 310.04 114 alluvial plain and solay 122747 4512
Formation
9 Crevasses/Faults less than 2 km 459.95 16.91 more than 18 km 92.88 3.41
10 Wells less than 2 km 535.11 19.67 more than 8 km 46.59 1.71
1 E“V‘Zr;’;eml lessthan2km  680.62 252 more than 20 km 85.88 316
12 Power Lines less than 2 km 633.95 23.3 more than 24 km 213.74 7.86
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4.1.1. The Spatial Suitability of the “Slopes”

The Advanced GIS techniques and the availability of high resolution Digital Elevation Models
(DEMs) beside the radar based elevation models contributed to the enhancement of selecting locations
for urban development [76,77]. A resolution of 12 m DEM was obtained from the Vertex website of
NASA. With a range of urban—rural hub selections ranging from 366 to 576 m, the northern part of the
axis is characterized by a height difference from the southern part, with the north half ranging from
492 to 576 m, while the southern part ranges from 366 to 492 m; the most famous mountains are Jabal
Jubail in the west, the Mountains of Um al-Shaal, and the Zuwailia Mountains in the east.

The spatial suitability map was divided into suitability categories; areas of high spatial suitability
are those of gentle slopes, while areas with steep slopes are of low spatial suitability. Areas with
lower spatial suitability are those with slopes of more than 25 degrees, they are represented by a scarp
extending from the north to the southeast of the study area and also some scattered areas in the middle
of the study area having a total area of 6.49 km? representing 0.24% of the area of the study area. Areas
with higher spatial suitability are those with slopes of less than 4 degrees, they constitute an area of
1589.31 km? (58.75%) (Figure 9 and Table 8).

4.1.2. The Spatial Suitability of “Streams”

Determining areas that are subjected to flash flood hazards, enhancing the flash flood maps for
the urban areas based on geomatics and hydrological modeling is a main issue in the urban planning
process for sustainability [78,79]. The urban—rural hub area has some of major valleys the major valleys
in the Kingdom of Saudi Arabia, namely wadi al-Sli, which controls about 65% of the axis, followed by
Wadi Hanifa with 35%.

The longer the distance away from streams, the higher the spatial suitability and vice versa. Areas
with lower spatial suitability are those with a distance of less than 0.5 km from streams, these areas
constitute a total area of 1082.87 km? representing 39.8% of the area of the study area. Areas with higher
spatial suitability are those with a distance of more than 3 km away from streams, they constitute an
area of 75.94 km? (2.79%) (Figure 9 and Table 8).

4.1.3. The Spatial Suitability of “Urban Areas”

The evaluation of land suitability includes selecting the suitable locations for urban development
through defining the suitability index of a specific predefined area [55]. Urban communities in their
broad sense include all human housing, whether stable (fixed) such as urban, rural, deserted, or
unstable communities such as “Badia” (Bedouin camps), the most important urban communities are
Al-Amaj, Al-Rifai, Bajadia, Al-Qalib farms, Hit, and south Hit, and Al Badia.

The closer the land to urban areas, the higher the spatial suitability and vice versa. Areas with
higher suitability are those with a distance of less than 3 km from urban areas, these consist of and
area of 1569.24 km?, comprising 57.86% of the total area of the study area. Areas with lower spatial
suitability are those with a distance of more than 15 km from the urban areas, these make up an area of
24.1 km? (0.89%), (Figure 9 and Table 8).

4.1.4. The Spatial Suitability of “Roads Networks”

The suitability analysis for urban development comprises the road networks analysis is one of
the most efficient techniques in determining the best locations for urban development using different
criteria and weights [80]. Riyadh Al Kharj Road represents the largest part of the axis by up to 90%, in
addition to the Al Kharj Haradh Road and Riyadh Dalm Road. The closer to road networks, the higher
the spatial suitability and vice versa. Areas with higher suitability are those of a distance less than 2
km from road networks, these comstitute an area 1450.68 km? with 53.32% of the total of the study
area. Areas with lower spatial suitability are those with a distance of more than 12 km away from the
road networks, these areas are of 16.41 km? (0.6%), (Figure 9 and Table 8).
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4.1.5. The Spatial Suitability of “Railways”

The Riyadh-Dammam train track, which comes north from Riyadh and then passes north of Al
Kharj city, runs up to 70 km long, and then heads to the eastern region. The closer to railways, the
higher the spatial suitability and vice versa. Areas with higher suitability are those with adistance of
less than 2 km from railways, these constitute an area of 250.25 km? with 9.2% of the total area of the
study area. Areas with lower spatial suitability are those with a distance of more than 30 km away
from the railways, these constitute an area of 93.41 km? (3.43%) (Figure 10 and Table 8).

4.1.6. The Spatial Suitability of “Agriculture Areas”

Areas surrounding cities are favorable for resettlement by most of the urban population due to
the existence of the main agriculture areas and being near to workplaces in cities [10]. Agricultural
land is concentrated in the north and northwest of Al Kharj city by 80% where the region is famous
for agriculture because of the availability of arable soils, water sources of wells, and rainwater that
supplies the region with its needs in the field of agriculture. The closer to agricultural areas, the lower
the spatial suitability and vice versa. The lower suitability categories are those with a distance of less
than 1 km from agriculture areas, constituting an area of 988.59 km? (36.34%). The higher suitability
categories are those with a distance of more than 13 km from agriculture areas, constituting 19.52 km?
(0.72%) (Figure 10 and Table 8).

4.1.7. The Spatial Suitability of “Soil Type”

The urban-rural region is heavily affected by the calci-ortieds soil type by 55%, followed by the
rock protrusions (torry Samments) by 30%, and the rock profiles (torry Orthants and calcic orthider)
at 15%. Areas with lower spatial suitability are those with loose friable soils, while areas with high
spatial suitability are those of hard compact soils. The lower suitability categories comprise the calcic
orthider soils (deep mud soils) and torry samantas soil (sand dunes), constituting an area of 269.18 km?
representing 9.89% of the total area of the study area. While the higher suitability categories comprise
soils composed of torry samantas + rock fragments and notches and soils composed of calcic orthider
+ torry orthider+ rock fragments and notches, constituting an area of 1493.87 km? (54.91%) (Figure 10
and Table 8).

4.1.8. The Spatial Suitability of “Geology”

The urban-rural caller area is heavily affected by the geological structure of the sediment
salutations, where it represents 70% of the area of the urban—rural connection axis due to the impact of
the Valley of The Sly and its proximity to the axis, followed by the geological composition of the gravel
layer which is 10% inactive, followed by hydration Geological sand by 10%, and the composition of
Sulaiy by 10%. Areas of lower spatial suitability are those of sandy and silty geologic formations, while
areas of higher spatial suitability are those of hard compact massive geologic formations. The geologic
map was divided into suitability categories; the lower suitability categories were that of Dughum
formation that constitute an area of 310.04 km? representing 11.4% of the total area of the study area,
while the higher suitability categories were that of alluvial plain and Sulaiy formations that constitute
an area of 1227.47 km? (45.12%), (Figure 10 and Table 8).

4.1.9. The Spatial Suitability of “Crevasses”

The rifts are concentrated largely in the north-western part of the axis, accounting for 35% of the
total rifts and the rest of the rifts are spread in at different locations in the west by 20%, and in the
south by 15%. Areas closer to crevasses have a lower suitability and vice versa. The distance map
of crevasses was divided into suitability categories including the lower suitability categories with
a distance of less than 2 km from crevasses constituting 459.95 km? (16.91%), the higher suitability
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categories are those withdistances of more than 18 km from crevasses, constituting an area of 92.88
km? (3.41%) (Figure 11 and Table 8).

4.1.10. The Spatial Suitability of “Wells”

Wells are concentrated largely in the urban-rural area of The Axis of Urban Contact near the
urban cluster areas, where they are concentrated largely in the south and south-west by 40% near the
city of Al Kharj, as well as near Ar Riyadh city by about 30%, and about 20% scattered around the axis
of the rural caller Urban.

Areas closer to wells are with lower spatial suitability and vice versa. The distance map of wells
was divided into suitability categories; the lower suitability categories are those with a distance of less
than 2 km from wells, constituting an area of 535.11 km? (19.67%), the higher suitability categories are
those with a distance of more than 8 km from wells, constituting an area of 46.59 km? (1.71%) (Figure 11
and Table 8).

4.1.11. The Spatial Suitability of “Environmental Areas”

Protection of the environmental and natural resources is regarded as having high importance,
especially in the witnessed urban crawling [81]. The environmental areas are concentrated on the
urban rural hub in the south of Riyadh by 40%, intersecting with the axis from east to west, and in the
south by 10% west of Al Kharj.

Areas closer to environmental areas have low spatial suitability and vice versa. The distance map
of environmental areas was divided into categories of suitability; the lower suitability categories are
those of distance less than 2 km from the environmental areas constituting 680.62 km? area (25.2%), the
higher suitability categories are those with a distance of more than 20 km from environmental areas,
constituting an area of 85.88 km? (3.16%) (Figure 11 and Table 8).

4.1.12. The Spatial Suitability of “Power Lines”

Accessibility to main facilities and utilities such as electricity and drinking water are of great
importance and regarded the main influencing parameters in the selection of urban areas for
development [82]. The power lines are concentrated parallel to the urban rural connection axis
from Riyadh in the north to Al Kharj in the south, as well as another power line that runs along the
main line of the urban rural connection hub. Areas closer to power lines have low spatial suitability
and vice versa. The distance map of power lines was divided into categories of suitability; the lower
suitability categories are those with a distance of less than 2 km from power lines, constituting an area
of 633.95 km? (23.3%), the higher suitability categories are those with a distance of more than 24 km
from environmental areas, constituting an area of 213.74 km? (7.86%) (Figure 11 and Table 8).

4.2. Analysis of the Suitability Maps for Constructing New Urban Areas in ArRiyadh—Al kharj
Rural-UrbanContinuum

The final result of spatial suitability maps (Figures 12 and 13 and Table 9) for constructing
new urban areas in the Ar Riyadh—Al kharj urban-rural continuum area revealed that there are five
categories of spatial suitability based on several criteria. These categories are the following:
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Table 9. Relative importance to spatial suitability for constructing new urban areas in the Ar Riyadh—Al

kharj urban-rural continuum.

M Suitability Degree  Suitability Percentage Area (km?) %

1 Very High 66-86% 511.45 18.8%

2 High 62-66% 731.27 26.88%

3 Moderate 57-62% 820.5 30.16%

4 Low 51-57% 491.59 18.07%

5 Very Low 32-51% 165.68 6.09%
Total 2720.5 100%

47°15'E

46°5T'E 47°6'E 47°15'E

Very High - High - Meduim |:| Low - Very Low -

Figure 12. The final spatial suitability map for sustainable urban development in the rural-urban
continuum (Ar Riyadh-Al Kharj), 2019.
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Figure 13. Levels of spatial suitability for sustainable urban development in the rural-urban continuum
(Ar Riyadh-Al Kharj), 2019: (A) less than 60%/more than 60%), (B) less than 65%/more than 65%, (C)
less than 70%/more than 70%, (D) less than 75%/more than 75%.

4.2.1. Areas with Very High Spatial Suitability (66-86% Suitability)

The category “very high suitability” comprises areas of spatial suitability ranging from 66% to
86%, constituting an area of 511.45 km?, representing 18.8% of the total area of the Ar Riyadh-Al kharj
urban-rural continuum. Areas within this category are concentrated in the northwest of the study area
in the urban areas of Ar Riyadh governorate, in the southeast of the area in the urban areas of Al Kharj
governorate, and some scattered areas around the corridor of the road linking the Ar Riyadh and Al
Kharj governorates, besides some localities on the eastbound roads branching from the Ar Riyadh-Al
Kharj road.

4.2.2. Areas with High Spatial Suitability (62-66%)

The category “high spatial suitability” comprises areas of spatial suitability ranging from 62% to
66%, they constitute an area of 731.27 km? representing 26.88% of the total area of the Ar Riyadh-Al
kharj urban—rural continuum. Areas within this category are concentrated around the areas with very
high spatial suitability in the northwest of the study area in the urban areas of Ar Riyadh governorate,
in the southeast of the area in the urban areas of Al Kharj governorate, and some scattered areas around
the corridor of the linking road between Ar Riyadh and Al Kharj governorates besides some localities
on the eastbound and westbound roads branching from Ar Riyadh-AlKharj road.
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4.2.3. Areas with Moderate Spatial Suitability (57-62%)

The category “moderate spatial suitability” comprises areas of spatial suitability ranging from 57%
to 62%, they constitute an area of 820.5 km? representing 30.16% of the total area of the Ar Riyadh-Al
kharj urban—rural continuum. Areas within this category are concentrated in the south and middle of
the study area.

4.2.4. Areas with Low Spatial Suitability (51-57%)

The category “low spatial suitability” comprises areas of spatial suitability ranging from 51% to
57%, they constitute an area of 491.59 km?, representing 18.07% of the total area of the Ar Riyadh-Al
kharj urban-rural continuum. Areas within this category are concentrated in the desert areas in
northeast, southwest, north, and middle of the study area.

4.2.5. Areas with Very Low Spatial Suitability (32-51%)

The category “very low spatial suitability” comprises areas of spatial suitability ranging from 32%
to 51%, they constitute an area of 165.68 km?, representing 6.09% of the total area of the Ar Riyadh-Al
kharj urban-rural continuum. Areas within this category are concentrated in the desert areas in the far
northeast, far southwest, north, and middle of the study area.

5. Recommendations

The study recommends areas with spatial suitability upwards of 70% for urban development on
the Ar Riyadh—-Al kharj urban-rural continuum corridor. The study also recommends carrying out
projects with high priority that support the vision of sustainable urban planning in this area.

Four local urban development areas are to be constructed and four current villages are to be
upgraded to rural complexes. These projects will limit the urban development to specific areas without
allowing random expansion and consequently avoiding the urban conjugation of Ar Riyadh and Al
kharj cities, as recommended in the regional planning plan of Al Kharj governorate that states this
area to be primarily a recreational agriculture corridor, and dealing with the fact of the existence of
distributed industrial organizations and the other types of land uses to match the main purpose of the
regional plan of the Al Kharj governorate.

Tourism and recreational land use in this corridor should be allocated in an area not exceeding
10% of the total area of the corridor, the buildings shouldn’t exceed two floors in height. Parks with
games cities for children and adults, different gardens and parks, tourism service centers, tourism and
recreation villages including tourist settlement and camping areas provided with facilities, services
and parking areas, and sports playgrounds areas are the most important suggested services to be
provided in this area, besides the agriculture land uses and the high way services. Agriculture should
be allowed to be divided into agriculture rests with minimum areas of 50,000 m? each with buildings
of one floor with an area of no more than 10% of the area of each rest. Industrial, commercial, and
settlement land uses should no longer be allowed in this area, except within the currently existing
urban complexes and the planned development projects suggested by the present study.

The industrial constructions present in this corridor should be rearranged in the form of industrial
cells comprising authorized non pollutant industrial facilities by official authorities, and should be
related to the source raw materials in the area. Other industrial facilities that will be reallocated to
verified industrial zones shouldn’t be allocated in the corridor of study.

All the industrial facilities that are polluters, and especially the non-authorized ones, should be
moved to the industrial area in the Al Kharj governorate. The other authorized non pollutant industrial
facilities distributed along the corridor of study should be gathered together, forming industrial cells
and leaving empty places that should be used for other facilities that meet the criteria of the sustainable
development plan.
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Bringing up new types of land use that may help in achieving the objective of the science of
environmental planning of industrial areas, such as waste storage for collecting the wastes and side
byproducts of the factories and companies and preparing them, either by recycling or classification to
several types to be reused in factories in or out of the industrial area.

We recommend implementing the Decision of the Council of Ministers No. (157) dated 28 May
2007 regarding the urban zoning regulations and rules. The regulation represents a critical framework
for planning projects and urban expansion in the Kingdom of Saudi Arabia. Furthermore, this
regulation is considered a policy to redirect and control the urban development by setting appropriate
boundaries for the settlement of urban activities, including urban expansion projects, accommodating
urban growth during a specific period of time, and providing the public services and facilities.

The amendment of agricultural land uses with special conditions adopted by the Municipality
should be approved to stop the random construction and urban sprawl in agricultural lands.

We recommend intensifying the control over the agricultural lands and preventing any division
of these lands for residential purposes.

The establishment of workshops, factories, and other commercial warehouses should be prevented
within agricultural lands.

Six months should be given as a permission deadline to correct the status of violating
agricultural lands.

The violating owners with encroachment percentages exceeding 50%, should be obliged to prepare
plans, provide the necessary services and facilities according to the planning standards, and focus on
providing lands for public utilities.

6. Conclusions

The present study serves national local and regional development aspect in the geographic buffer
of Ar Riyadh—-Al kharj urban—rural continuum, as this area forms the future of development of Ar
Riyadh and Al kharj, in accordance with the vision and national transformation plan of KSA 2030.
This can be achieved by developing the current potentialities for finding new sources of income, and
by protecting the resources. The national strategic urban plan that was authorized by the ministers’
committee on 29/8/2000 (decision number 127) ensured the importance of choosing development
corridors to achieve the integration between all the parts of the kingdom.

Concerning the study area, the national strategic urban plan of the kingdom regarded the
development corridor of Ar Riyadh-Al kharj urban-rural continuum to be one of the most important
development corridors in the middle of the KSA due to having high development potentialities,
including industrial, commercial, economic, and agriculture activities besides the specialized services.
The rural-urban continuum of Ar Riyadh—Al kharj is of high promising potentiality for sustainable
environmental economic development due to the outstanding natural characteristics, the agricultural
landscapes, and the palm forests in wadis beside the astonishing visual panorama.

The rural-urban continuum between Ar Riyadh and Al Kharj suffers unclear general land uses
trend due to the urban expansion at the expense of the agriculture lands, the imbalance of the population
compound, the deterioration of the urban fabric, lack and poor distribution of services, dominance
of the industrial land use at the expense of other uses, increase in the environmental changes, and
loss of the environmental and ecological characteristics of this area between Ar Riyadh and Al Kharj
cities. This makes it a must to cease the undesired activities of land uses through determining the
optimum areas for the future activities of urban development in the area depending on the spatial
suitability model for land uses evaluation and sustainable urban development. Projects of high
priority and supporting the sustainable development plan for ensuring the sustainability of resources
environmentally, economically and in the urban development, according to the KSA vision 2030 for
this area as introduced in the present study.

The study presented a land use suitability map for sustainable urban development in Ar Riyadh-Al
kharj urban-rural continuum depending on several criteria. The results revealed that there are five
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categories of spatial suitability including; “areas with very high spatial suitability” (66-86%) constituting
an area of 511.45 km? representing 18.8% of the total area of the continuum, “areas with high spatial
suitability” (62-66%) constituting an area of 731.27 km? (26.88%), “areas with moderate spatial
suitability” (57-62%) constituting an area of 820.5 km? (30.16%), “areas with low spatial suitability”
(51-57%) constituting an area of 491.59 km? (18.07%), and “areas with very low spatial suitability”
(32-51%) constituting an area of 165.68 km? (6.09%).

The study also determined high priority projects that support the sustainable development plan
for the area through constructing local urban development centers and targeted rural complexes along
Ar Riyad—Al Kharj rural-urban continuum corridor according to the former strategic national urban
plan and the regional urban planning plan of Ar Riyadh governorate. The study also supports the
recommendations of forbidding of establishing of other activities in order not to allow any expansion of
the urban masses of both Ar Riydh and Al kharj and ensuring the study area to be an urban separator
between these cities, avoiding social and environmental problems that may arise from the urban
conjugation. This also will protect the current industrial facilities as much as possible and decrease
the cost of moving these facilities away from the area and the related costs of disowning the lands of
these industrial facilities, and the job opportunities that should be provided to population to limit the
immigration to the civilized cities (Ar Riyadh and Al kharj).
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