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ABSTRACT

Equitable-spatial distribution is a significant component of urban planning which should be guided by
sustainable development strategies. This paper presents the suitability analysis for elementary school (ES)
in Mukalla city; it measures the accessibility of educational services, and the different between the
residential requirements and supply offered of ES. It has also proposed a GIS model based on suitability
analysis to figure out the suitable location for a new ES and the alternative site for existing ESs, to make it
more suitable. The results have shown that overall districts have suffered a shortage of schools. As well as
spatial inequity in services provision. It would also be inappropriate distribution because its proximity from
land uses (i.e. Fuel station, highway, industrial area) which pose a risk to the health and safety of pupils.

Keywords: Spatial Distribution, Suitability Analysis, Equitable, proper location, Elementary School.

1. INTRODUCTION

In developing countries, many patterns and trends
dominate the population growth. Over the last
year, many of urban regions have experienced
considerable growth where the majority live in
urban settlements. This increase requires
Infrastructure development and provide adequate
services for residential[1]. Consequently, this
would lead to spatial inequality in service
provision. However, distribution services to
residential settlements have to be provided by
planning and take into account a spatial multi-
criteria. Spatial equity assesses and measures the
relationship between neighborhood demographic
and population need and neighborhood
accessibility to services. Equity evidence would
provide if neighborhoods with high need had
better access to this services[2]. The assessment
of spatial equity is useful for urban planners and
decision makers to uncover the area of under-
provision, to assess the effectiveness of existing
urban services-provision policies [3]. Spatial
equity has implemented through the geographical
distribution in combination with multi-criteria
decision system (MCDS) based on geographic
information system (GIS). GIS is using for
presenting the maps associated with an attribute
as spatial information that is spatially referenced

to the Earth's surface[4], the spatial information (SI)
is the hearth of GIS, where storing and manipulating
the enormous amount of data [5]. GIS is applied in
many developed countries, the trend towards for use
in educational facilities mapping to support decision-
making, especially in Ministries of Education[6]. The
GIS could also be used for many different purposes
in educational service planning and management; it is
powerful tools for determining the accessibility
variables [7],[8].

Educational service is one of the essential public
services that must be provided to residents. Where
the education considers one of the most significant
associated sectors with the construction of the future
and the achievement of the renaissance and overall
development, because of its direct links to political
reality and the economic, social and cultural
sectors[9]. Thus, governments are striving to provide
educational institutions of all levels (kindergartens,
schools, universities) to accelerate progress and
prosperity, where the Progress and people’s
development are measured by available services to
the population. It does not depend on an amount of
these services only. Conversely, the quality of these
services and their conformity with the international
standard and planning Specifications are considered
more significant[10]. The planning and distribution
depend on several criteria like distance, population
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and land use. Also taking into account the urban
expansion in those areas and assessment of needs
the future population in respect of educational
services[11]. Spatial data analysis problems
usually involve a broad range of possible
alternatives and same evaluation criteria.
Alternatives often evaluated by some individual’s
decision-maker, managers and stakeholders[12].

1.1 RELATED Works

The spatial distribution has attracted considerable
attention in recent years. More recent research in
spatial analysis techniques. Taleai et al. [2], this
study has introduced an Integrated Spatial Equity
Evaluation (ISEE) framework based on spatial
multi-criteria analysis to assess spatial equity; it
measured the balance between demands generated
by residential areas and supply offered by civil
services at various spatial scales. Al-Rasheed et
al. [13], it utilized the GIS and spatial analysis to
inventory, map, and analyze the Ministry of
educational facilities in Kuwait. moreover,
unoccupied land reservations with a goal of
improved planning and decision making, this
work showed the huge percent of districts that
have no schools failing to meet the minimum
standard of population needs of educational
facilities. Olubadewo et al. [14], this paper also
analyzed the spatial distribution of Primary
schools in KANO state in NIGERIA, this work
aimed to create an inventory of the schools in the
study area. It analyzed the pattern of the schools
in the area and created a geodatabase for the
primary schools in the study area. The spatial
analysis showed that the distribution of primary
schools in the area is more concentrated in many
districts, and the buffer zones showed that many
schools are closer to the main roads. Ahmad [15],
he aimed to use a GIS-based case study approach
and spatial accessibility measures, derive from
fine spatial resolution datasets, to characterize and
reveal spatial variations in access to health care
facilities and identify disadvantaged locations /
local communities in a selected urban fringe area
in Melbourne, Australia. Lotfi et al. [16], this
work targeted two important goals. First, it
attempted to create a new methodology for
measuring physical accessibility to public places
such the park, school, and shop at the
neighborhood scale and the second is investigated
the distribution of such spaces by examining the
socio-economic status of citizens. Oh and Jeong
[17], they analyzed pedestrian accessibility to
urban parks in Seoul and the subsequent
serviceability of the parks.

Almost all previous studies have contributed to
solving the spatial equity distribution of public
services. Some of them introduced a spatial data
analysis of public service locations (Educational
facility, Healthcare facility, Parks) and others
measured the accessibility to those services. There
are various studies in the different field be concerned
to the suitability analysis such [18], it has proposed a
method to analyze the suitability of land based on soil
and water resource and predicts the yield.

Our study delivers a distinct assessment of ES. It
introduces a GIS Model based on the suitable
location of educational facilities. This paper also
measures the accessibility based on network analyst
that calculates the actual distance that the pupil needs
to access into nearest school. As well as, the terrain's
surface Digital Elevation Model (DEM) has been
carried out in this study as a major criterion in
suitability analysis. Finally, this work involves
descriptive and spatial analysis of ESs in the study
area.

1.1 Problem And Motivation

Since the establishment of schools in the study area
over the past years, which focus on hustle and
paralyzed traffic in many main streets, due to the lack
of geographical distribution of schools. More
populated areas have not had enough schools to
accommodate the growing number of pupils. Also,
the existing facilities do not take into account multi-
criteria analysis, especially new ones. Wherefore,
spatial equity principle could have been implemented
in the distribution of educational services, in order to
extend to all residents in urban and rural regions.
Besides that, schools have to be far from highways
and industries risk. This study will be assisted the
decision-maker to determine the most suitable sites
for publishing educational building. Consequently,
the spatial equity of educational services distribution
will be reached. The suitability analysis for school
locations probably limits or reduces the school drop-
out. Especially, the Yemen, famous for working
children[19]. This study considers the first survey in
the spatial distribution of ES based on a geographic
information system in Hadramout province[20]. We
have also implemented a similar study for
kindergarten in the Mukalla city[9].

1.2 Study Area

Mukalla City is a capital of Hadramout province, it is
located on the Arabian Sea coast in the south of
Yemen, as shown in

Figure 1, Mukalla is one of the most important
Yemeni commercial ports, and it contains most of the
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fishing centers as well as many fishery factories.
Many public markets and beautiful coasts where
the people can enjoy swimming and lying down
under the sun. It is located between latitude 140
25.843°N to latitude 140 34.460°N and longitude
49 1.469’E to longitude 49 14.355’E. After the
reunification of North and South Yemen in 1990,
Mukalla city witnessed a major change, especially
with the distribution of land in the four-year
period between 1990 and 1994. In the year 1994,
the city’s population was about 116000 which
have increased to present populations of 180000
(estimates of the year 2004) with an annual
growth rate of 3.8%][21]. Around 16% of the total
population in Hadramout lives within this city.
After 1994, the city observed a significant
construction boom, financed mainly by Yemeni
expatriates and local investors, as well as Saudis
with Yemeni origins. The Mukalla city has
developed over the years in a linear fashion along
the coastline in an east-west direction, covering a
distance of 161,749 km2 between Fowah to the
west and Rayan to the east, but with only 5% of
the population. Still, it is estimated that over 80%
of the population live in the city center [22].

1.2 Data Type Collected

1) Raster layer: Image satellite for the study
area, with extension “.TIF” in 2013 with
Geographic Coordinate System (WGS) 1984,

UTM Zone 39N.

2) Vector layer: includes schools and land use
as (Points), network roads as (Lines), districts

and zone boundary as (Polygons).

Digital Elevation Model: NASA, ASTER
GLOBAL Digital Elevation Model V002,

3)

acquisition date: 2011/10/17 with  300m
resolution, entity ID: ASTGDEMV2 ON14E049

2. EDUCATIONAL SERVICES PLANNING

Educational services planning includes a broad range
of educational planning and management issues; it
relates the resource allocation and efficiency in the
provision of services to improve the effectiveness of
education. Therefore, spatial analysis is a tool
commonly used to detect relationships among
schools and pupils distribution in the particular
area[23].

In Yemen, the schooling is divided into three stages
before university  education (kindergarten,
elementary, secondary); the elementary education is
important at the age 7-16, this period configures the
child’s personality. Unquestionably, the skills and
information are gained in this age. Table 1 presents
the standard criteria for ES (i.e., each 800-pupil must
receive at least one’s school with an area of
110,000M2; this area includes buildings, recreational
spaces, and services).

2.1 MCDS OF ESTABLISHING THE ES

MCDS has supported the suitable location decision-
making based on the reliable geographic data.
However, decision maker prefers to combine and
figure out the laws and criteria (or aggregation) of the
data and favorites according to specified decision.
Recently, many of multicriteria evaluation methods
(decision rules) have been implemented in the GIS
environment[12],[24], [25],[26]. Many followed
standard criteria to establish schools in the world.
However, we should choose that is appropriate for
our region in term of the population demography, and
the available potential.
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Figure 1. Political Map Of The Republic Of Yemen, And Study Area Districts.

Source: General Authority For Land Survey And Urban Planning — Hadramout.

Here, we will address the spatial and quantitative
conditions that must be available in schools.
Making a site of educational facilities on the main
road for vehicles makes students at risk at any
moment as a result of the wrong choice of the
school site, especially when they came out
motivated. In addition to obstruction of traffic
vehicles, consequently, the school locations should
be in a suitable location spatially and compliance
with specific criteria for construction and equip
each educational facility. Table 1 illustrates some
of the standard criteria of the ESs [27],[28],[29].

Table 1: describes the international standard criteria for
ESs

Criterion ES Aged (7-16)
Distance fr(()glroeligte;?;:e to school 0.4-0.8
Distance from rgsidence to school 8-16
(Minute)
# Pupils / school(student) 800-1200
# Classroom / school (Class) 30-40
# Student / Class (Student) 27
# of Levels (Level) 9
School Area (1000M?) 110
Area for each Student / Area (Meter) 8 (M?)

3. GIS MODEL-BASED
SUITABILITY OF
FACILITIES

A GIS Model-Based suitable Location of
Educational Facilities (GIS-SLEF) that assimilates
acquired data could be implemented to identify
most proper locations for schools. This
identification of prospective locations is a
prerequisite to assess multiple aspects such
distance, time, cost, and perils dependent on
multicriteria. The GIS_SLEF methodology involves
modeling with the ArcMap 10.x Model Builder
(MB) to identify most suitable locations in the
study areas based on a proximity of existing
schools, Land use, space area, and Landsat thematic
mapper imagery of the DEM.

LOCATION
EDUCATIONAL

3.1 Input Data Layer For The GIS-SLEF Model

GIS-SLEF model has accepted various kinds of
data entry that are structured as grid cells data.
Table 2 views the primary data layers; theses layers
will be dropped or imported to ArcMap layout. The
input vector data is not acceptable in GIS-SLEF
Model. Nevertheless, these layers should be
converted to grid data, and the evaluation raster
should also be transformed to slope distance (SD),
the input data need to reclassify and split with the
same number of classes.
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3.2 GIS-SLEF Model Analysis

The vector data layer should be converted to cells
data raster either by using the ED tool or using kernel
density(KD) with output grid cell size (20mx20m),
We prefer ED tool which enables the combination of
layers by delivering value to every location. The
generated grids (raster) need to reclassify with the
same class range, for instance, range value from one
to ten for all grids. A higher value for grids indicates
a higher suitability. Thus, our model involves two
groups of grid layers, the first called Highest layers
that are reclassified from 1 to 10 (Low-high)
respectively, and the second named Lowest Layers
have been classified by range from 10 to 1 (high-
low). Therefore, the suitability site in the Highest
layers is the farthest location from the grid layer (i.e.,
Fuel station, existing schools, industrial area), and the
suitability site in the Lowest layers is the closest
location from the grid layer (i.e., Elevation, open
space). Figure 2. Illustrates the workflow of GIS-

3.3 Model Builder Environment

ArcGIS’s Spatial Analyst includes various kinds of
powerful spatial analysis modeling. It could derive
many geospatial data such as terrain analysis,
spatial relationships, suitable locations, and the
accumulated cost of the accessibility (Ahmed and
Asmael 2009). One of the most significant
contributions of this study is to identify the most
suitable areas where new schools can be
established. The GIS-SLEF model implemented
through the ESRI’s Model Builder environment and
spatial analyst tools. The GIS-SLEF model involves
the problem definition, criteria  selection,

multicriteria’s weights, grid data transformation,
spatial data analysis implementation, and selected
area. Figure 4 4 explains the implementation
process of GIS-SLEF model.

SLEF model, starting with data entry and ending with @5

applying the algebra expression to produce the most
suitable locations.

Table 2. Describe The Fundamental Data Type Of GIS-

SLEF Model
Feature Data Data source and attribute
Layer Type
Elevation Raster id, value, count, cell size
data (0.00027777778, 0.00027777778)
Vector Coordinate reference system (WGS1984
School . UTM Zone 39N),scale
point vector(0.99960000)
Open- Vector- Coordinate reference system (WGS1984
S int UTM Zone 39N),scale
pace pou vector(0.99960000)
Fuel Vector Coordinate reference system (WGS1984
. . UTM Zone 39N),scale
station | point vector(0.99960000)
. . Coordinate reference system (WGS1984
industrial Ve(?tor UTM Zone 39N),scale
area point vector(0.99960000)
Main Vector | Coordinate reference system (WGS1984
Roads Line UTM Zone 39N)
Educational Reclassificati
Facilities ViR
Algebra | | Suitable
Expressions Locations
S A Euclidean Reclassification
Distance [¥]  CViR2-1

Elevation .
| Raster ‘

Figure 2. Workflow of GIS-SLEF Model

Figure 3. Model Builder ArcGIS 10.X Workflow Based
On GIS-SLEF Model

4. SPATIAL ANALYSIS OF ELEMENTARY
SCHOOLS

The study area has been divided into two sectors
(Eastern sector and Western sector) as shown in
Figure 4; each sector contains many districts. The
quantitative analysis and spatial analysis are
implemented in this sectors, through analysis the
absorptive  of  schools, distribution  style,
accessibility, and land uses by using the Spatial
Statistics tools (Spatial Analyst and Analysis Tools)
that are available in ArcMap10.x

The school’s locations have been analyzed with
each other, and their proximity from land uses (i.e.
highway, fuel stations, and workshop), the distance
has also been measured by schools and population
density in each district to determine the
accessibility.
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Figure 4.Sectors In The Study Area, Eastern And
Western Sectors Represent The Population Density.

Source: Designed By The Author Using Arcmap10.X
4.1 Schools Capacity

To cover variation in the environmental requirements
of schools. Districts based on the standard criteria
(see Table 3 ).

Many differences are found between the existing
schools in the region and standard required for
schools that must be provided[30].

0 025 05 1 1.5 2
L

— Km ;“ 2 [

L —— District Boundary

Table 3 shows that most districts in the study area
suffer from a shortage of schools, the districts that
located in eastern sector are needed to add eight
additional schools, and districts in the western
sector are required for ten-school.

Table 3: School Distribution And Population Density According To Census 2004

o Existing | Standard Required | Needs remain Population
Sector District ) hools N/S* £ )
Schools Schools N/S of schools 2014° N:=Aged 7-16 (23%)b
East Mukalla 7 11 4 47933 11025
astern

Sector AFdeeS 9 12 3 49998 11500
Bajaman 2 3 1 12032 2767
Western Alomal 6 16 10 68573 15772
Sector Monwra 4 4 0 15708 3613
Total 28 46 18 194244 44677

a: #. of pupils per school, as in tablel from (800-1000) pupils.

b: Sources: According to the Census in 2004 and an annual increase of 3.8%(see the section of the study area)

4.2 Accessibility

To know the distance traveled and time among
schools and pupils resident, we used spatial
analysis tools that are available in ArcGIS (i.e.
Point Distance and Network analysis).

Point Distance tool helps to measure the distance
as straight-line and the distance as an area scope
depending on the road tracks. Network Analysis
is used in this work to calculate the actual
distance that the pupil needs to access into nearest
school based on the road network.

4.2.1 Network analysis

The Euclidean Distance using to measure the
distances traveled of students to their schools
based on the Euclidean distance. In other words,
it measures with straight-line distances between
home and nearest school, and not the actual
distance traveled. Estimating accurate distances
using roads network analysis would be possible.
The distances traveled to schools have to be
between 400-800 meters (see Table 1). However,

e
736

the parents cannot determine exactly the location of
the school for their child, especially that each school
has only a certain number of places available[31].
Figure 5 shows many places are far from ES in all
districts, although the number of schools needs to
increase as shown in Table 3. The distance between
schools and pupil housing was determined with 800-
meter based on roads; we found around 18.62% are a
disadvantaged area, and the reason being that the
populated area far away from the existing schools. In
the other word, there are 7012 pupils outside of this
range as shown in Table 4, these pupils need more
than 16 minutes to reach the nearest school.

Table 4: Pupils within a range and out range scope 800m

Pupil Pupils Within 800M Pupils Out Scope
o upLs from ES £ 800M from ES
District
Aged Puplls * Ratio Puplls *| Ratio
7-16 % %

Mukalla 11025 | 8882 80.56 2143 | 19.44
Aldees 11500 | 8704 75.69 2796 | 24.31
Bajaman 2767 2547 92.04 220 7.96
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Pupils Pupils Within 800M Pupils Out Scope Table 5: The Distance Between Schools And Land Uses
District from ES ' 800M from ES Within A Scope From 50m To 100m.
Aged Pupils * Ratio Pupils ¥ Ratio # of schools depending on to their near
7-16 % % to land uses
. . |Existing| Fuel stations| Highway | Workshop | Total
Alomal | 15772 | 14503 | 9195 | 1269 | 8.05 || Scctor | Distrcr |Luisting| P silons) [ietvay | orsho
Almonwra | 3613 | 3029 | 83.84 | 584 | 16.16 som | 100m | 50m | 100m| 50m | 100m
18.62
o Mukall 7 - - 3| 3 | - - 6
Total | 44677 | 37665 | 81.38% | 7012 | )M | gy [Mukalla] 7 1 - [ - J 3L 31 - [ - |6
Sector Bajaman 2 - - 1 1 - - 2
* Author Has Relied On The Area Analysis To Get a Westemn| Alomal 3 - - 2 1 - 3
Number Of Pupils Within/Out The Range Of 800m. Sector | Monwra | 4 - - - - 0
Total 28 0 1 7 9 1 0 18

This tool is used to decide the correct school location
based on residence districts. For example, what is the
distance of the fuel station and highways from ES?
Figure 6 and Table 4 present how the ESs distribute
around the land use.

Mountains

Elementary School

"1 District_Boundary
Scope within 800K from ! ¥
Pop. within 800M from S¢

-] Pop. Out of Scope Range

Figure 5. The distance between schools and population
within a range 800M, depending on Roads Network
Analysis.

4.3 LAND USES

The land-use suitability involves evaluation and
classification of the spatial units and their
suitability for a particular activity. Also, what is
the extent to choose a suitable place for
residential neighborhoods and public service? The
land uses mapping and analysis is one of the most
useful applications of GIS for spatial planning
and management[32],[33],[34]. Multiple Ring
Buffer tool was used to make a spatial analysis of
some of the land uses, especially, that may
adversely affect the educational services.

4.3.1 Multiple ring buffer (MRB)

MRB tool Creates multiple buffers at specified
distances around the input features; these buffers
could be merged and dissolved using the buffer
distance values to create non-overlapping
buffers[35],[36].

Figure 6. Shows the school's scope between 50m-100m.

Source: Designed by the Author, using ArcMap10.

5. PRACTICAL APPLICATION OF GIS-SLEF
MODEL IN ES FACILITY

The study area needs to add new schools (see Table
3), to uncover the best locations. The determination
of criteria is extremely necessary such as (Location
of existing educational facilities, land use, and study
area elevation), and measure the straight line distance
(Euclidean distance) as shown in Figure 7.
Furthermore, these criteria represent the conditions
that would be relied upon to identify suitable sites; it

737



Journal of Theoretical and Applied Information Technology
February 2017. Vol.95. No 4

28[}1

54

© 2005 — ongoing JATIT & LLS HATIT

ISSN: 1992-8645

E-ISSN: 1817-3195

needs reclassification based on the importance of
proximity and far away from existing schools.

Table 7: The Criteria To Be Pursued To Decide The Most
Suitable Site For A New Elementary School.

Table 6. Presents distances of main class criteria Euclidean Classification
Conditions / Distance Value
Class Main Class Distance (meter) O(I:I .?lo.ns Weight *
Value . . nitena Unsuitable Location
Elevation | Schools Fuel Station | Space Area | Workshop Near — far _ Suitable Location
1 353393 | 0-179 0-370  |2355-26216 | 0-260
2 314-353 179-359 370 - 740 2093-2355 260 - 521 Elevation 10-1 1-10 45 %,
3 275314 | 359-539 | 740-1110 | 1831-2093 | 521-782
0,
4 235275 | 539-719 | 1110-1480 | 1570-1831 | 782- 1043 ES 1-10 1-10 15 %
5 196-235 | 719989 | 1480-1850 | 1803-1570 | 1043-1304 Open Space 10-1 1-10 15 %
6 157-196 | 989-1078 | 1850-2221 | 1046-1803 | 1304-1565
3 0,
7 117-157 | 1078258 | 2221-2591 | 785-1046 | 1565-1826 Fuel station 1-10 1-10 12.5%
3 78-117 [1258-1438]  2591-2961 523785 | 1826-2087 Worksho
P 1-10 1-10 12.5 %
9 3978 [1438- 1617 2961-3331 | 261-523 | 2087-2348 area
10 0-39  [1617-1797]  3331-3701 0-261 2348-2608

We have classified the distance and elevation
with a range number from 1 to 10 as shown in
Table 6, whereas the high value is the best value.

(*): The weights were distributed according to the Author’s
viewpoint, depending on the importance of criteria.

The ratios of weights were determined according to
Author’s viewpoint depending on the importance of
these criteria and their impact on educational
establishment.

Euciidoan Distance

Euchigean Distance

%

5.1 Data Visualization And Evaluation

The process of data visualization allows to examine
data from all possible sides and to place images in
context with their surroundings. In most cases helps

Elevation <VALUE>

to establish the link between abstract imagery and
real places[26]. ArcGIS Spatial Analyst includes
advanced map  algebra functions that can be
combining several maps, performing suitability
analysis and assigning weights.

To presentation the data visualizing, we need to apply
the equation of suitability that is given by:

Euciidean Distance

n m
Suitability = Z W;C; 1_[ T
i=1 j=1

W : Criteria weights for criterion i

C : Criteria for suitibility

Figure 7: Raster dataset of straight line distance for
feature class distribution and study area elevation.
Source: designed by the author using ArcMap10.

The conditions also have standard weights; these
weights represent one hundred percent, as shown
in Table 7.

r : restrictions for Criterion j

Whereas the total of Wshould be equal 1 or
hundred percent, for example:

(0.45 * Elevation + 0.15 * Feul station + 0.15
* Workshop + 0.25 * ES)

Restrictions r represents limitations of criteria

for instance:

(rRoads * rFuelstaion * Tworkshop

* rElavation)
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The Map Algebra (MA) expression consist of  Vertically, and determine the population center
classified raster(s) which represent the criteria or  (centroid) as the best alternative site-see Figure 9.
conditions to select the suitable locations for  This pattern could also be rotated to obtain a model
establishment of new schools as follows: fits with reality.

([RECLASS_ELEVATION] * 0.45

+ [RECLASS_ ELEMENTARY_SCHOOL] * 0.15
+ [RECLASS_OPEN_SPACE] * 0.15

+ [RECLASS_FUEL_STATION] * 0.125

+ [RECLASS_ WORKSHOP] * 0.125)

The finding of this expression is a heat map
illustrates high and low density. Therefore, the
hinge value represents the best locations as shown
in Figure 8, and it is easy-to-understand and
intuitively appealing to decision-makers.

- ["Alternative Sites
L ExistES
I Alternative ES

Populated Area

Districts Boundry

The new raster specifies the best area with high
value as identified (see Figure 8), it must be
closer to the 10. However, the value outcome
between 2.75 and 8.25, this indicates that there is
no typical fit area could verify all previous
conditions. However, the density area with high
value considers the available best locations to Figure 9. Proposed Alternative Suites for Exist ES
build a new elementary school in the study area. 7. RESULTS

The Results of the spatial data analysis showed that
the elementary schools available in the study area are
28 schools, they distributed on two sectors; the
Best Location Mi  o55tern sector includes 18 ES, and the western sector
:stfza::j:’:';: includes ten ES, noted that there is a shortage in the
<VALUE> required ES. The area needs around 18 new ESs, as
I 204375 shown in Table 3, these requirements were
Ej:j‘;:: considered of the census in 2014, when looking
[ ]s9¢-670 forward into 2025 with an annual increase 3.8%, the
[ero-73 schools needed to be 69 ES. The transfer time of
B 70070 pupils from their home to the nearest school as shown
in Table 4, observed that around 18.62 of the
populated area have deprived of accessibility to ES,
whereas the distance between this area and school
exceed of 800m. Hence, the pupil needs more than 20
minutes to reach the nearest school, according to
Source: designed by the author using ArcMap10.x Table 1 that the time does not exceed 16 minutes. In
6. PROPOSED ALTERNATIVE SITES. iadditional, many schools have been loqated close to
and use, such as (fuel station, main road and
The ES in the study area have often been  workshop). As shown inTable 5, there are 18 schools
distributed spatially with an inequity, where it located close to the land uses with a range (1-100)
was observed, during data collection that many of — meter. Aldees district located one school close to the
ES’s buildings in study area either have been  fuel station in the range of 100 meters. Almonwra
rented or ancient buildings, they have not been  district is the only far from all land uses that are a
maintained for a long time. For this reason, we  danger and inconvenience to the pupils.

gttempted to propose - a noyel patter.n . would The GIS-SLEF has applied to districts of the study
mprove the spatial redistribution f.or. existing ES. area. It produced a heat map illustrates high and low
This 1[1agem ba.setd on t?e sglbd1v1s1op ot;hthe density, therefore, the hinge value represents the best
P OI?[E ze. aiea (1jn Ot eﬁua ;u -I?Ire% us}[nﬁ rge locations, it is easy-to-understand and intuitively
methods: (1) Centrally (2) Horizontally (3) appealing to decision-makers. The new raster has

Figure 8: Heat Map illustrates the best locations in the
high-density area.
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specified the most suitable locations with high
value as identified (see Figure 8), it must be
closer to the 10, whereas the value outcome
between 2.04 and 8.76, this indicates that there is
no typical location could achieve all previous
criteria. Nevertheless, the density area with high
value considers the available most suitable
locations to build a new KG in the study area.
Finally, the geographic database was created in
this study that can be referenced in the future by
researchers to improve public service in Mukalla
city.

8. RECOMMENDATIONS:

Numerous challenge of schooling facing the local
authority. Although, we have not found standard
criteria are relied upon to establish schools, the
regional, and international multi-criteria were
adopted in the analysis and assessment of the
study area. This work probably assists to make
the right decision. It makes a set of
recommendations in that regard:

1) Reserving open spaces, especially that is
located in most suitable locations.

2) Search for alternative sites for schools that
situated in unsuitable locations.

3) Acquire the spatial and non-spatial data for all
demographics and public services in the study
area.

4) Build a geographic database involves all
acquired data and drop it on a computer
system-based GIS.

5) Rehabilitation a specialized staff in GIS
applications within Ministry of Planning and
GALSUP.

6) Adoption of standardized criteria for the
establishment of educational facilities and
circulated to the competent authorities.

7) Replanning for unsigned land’s plan and take
into account the multicriteria-based GIS and
remote sensing application.

9. CONCLUSION

GIS has powerful tools are used for spatial
analysis of educational services patterns. It helps
to identify the spatial pattern of equitable
distribution for many services. It would be
supported the decision-maker to make deliberate
scientific decisions. Whereas the Yemen is a
developing country that has a rapid urbanization
growth rate of 3.8% annually, according to the
ministry of statistic, which require an efficient
planning for infrastructure to meet the population

growth, that also has need of an urgent plan to
resolve this critical problem. This paper proposed a
GIS-SLEF model that probably be used to improve
and monitor the suitability analysis for many services
industry (i.e., health care facility, fire station, worship
places, community center, etc.), whereas each sector
has different special multi-criteria. However, the
study area that requires developing a planning
strategy must have a geographic and non-geographic
database about demographics by (i.e., gender, age,
spatial distribution, urban and rural region, etc.), and
sufficient information about the relevant sector and
the target audience. The GIS-SLEF application model
demonstrates the efficiency of GIS in the suitability
analysis and the assessment of land use suitability,
wherefore, the educational facilities have to be
located in positions far from land uses that would
have an influence on the pupil health, pupil safety,
and quality of education. This phase was begun with
acquiring, repair and analysis data to find out the
weaknesses in the prior distribution. The proposed
GIS-SLEF model presented a solution for identifying
the most suitable location for constructing the new
schools to stop making the same mistakes in the

distribution of new schools, also suggest an
alternative  location  for  existing  schools.
Nevertheless, the proposed model has some

limitations and can be promoted from further
enhancement. The area that located with elevations
below sea level will be considered most suitable, this
issue is a rare occurrence, and these areas can not be
excluded because it is possible to be certainly
suitable sites. Furthermore, the blocks or districts in
the study area should be close together without large
distance. Finally, the Euclidean distance of a polygon
would not be sufficiently accurate. Therefore, need to
be converted to a point, it often gives better
outcomes.

This work deserves the future research. Thus, it
demands to focus towards for further expansion and
acquiring more descriptive and spatial data about the
public service and community centers, to implement
a knowledge discovery in database framework-based
suitability system and validation of the systems
through interaction with MCDS.
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