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ABSTRACT

Though SiteSuitability Analysis for Educational Sites of Primary school is a naturally
complex multdimensional process, that involving multiple criteria and actors. One of the
most important fields that contributes to building the future, achieving the renaissaualce,
general progress is education. Schools in strategic locations are critical for play an
i mportant role in improving DedreiBitemdctowdls per f «
placement and distribution are inappropriate some schools are located clasedjor road

and others is close to hazards, students are exposed to road noise, air pollution, and car
accidents as they enter and leave the school and Various dangers, likeohiagde electric
power and gas stations, are close to other schddis.thesis is to investigate suitability of

the current elementary school locations and proposed new suitable primary school site in
Debre Birhantownby usingntegration of geospatial technologiesaluation method3.he

study use literature review and sclh®directors, geospatial experts and educatiafaters

to identify criteria,pairwise comparison methasl systematic way use the study to select the
best available alternatives based on different opinions. However, geospatial technology
software integated with Analytical Hierarchy Process (AHP) provide more reliable, flexible
and accurate iformation to the decision makiryy evaluating the criteria and factors for
performingidentify new suitable area for elementary schaoisl b evaluate thexistirg

sites of elementary schoa&Debre BirhanThis study is develop a environmentally, safety,
and accessibly suitable sites selectaategoryapproach for primary school site selection
usingintegration of geospatial technology basaa multi criteria ealuation, AHP.Using
ArcGIS modelbuilder, a model was created to analyze the final suitability map, evaluate the
suitability of the current schools, and provide a map for each criteEtementary schools
suitability analysis of the area indicates thaly 6.05% of the area has more suitability
condition. The remaining 63.4%, and 0.8% of the area are Suitable and less suitable for
elementary schodlhe Debre Birhan Education Bureau is thought to benefit most from this
research. The study will help theebre Birhan Urban Land Management Office, and the
Debre Birhan Plan Implementation Office make decisions about the locations of the current
schools and propose ooanstruct new ones in the future the thesis recommendetptove

the teaching and learningnvironment in schools, regulations should be created criteria

and implemented.

Key Words: Geographic Information SysterAnalytical HierarchyProcess.
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CHAPTER ONE

1. INTRODUCTION
1.1 Background

The number of educated people in the globe today is one of the indications of a civilized
society or nation, especially African nations particularly focused on the learning process.
However, the excellent learning outcomes that education&mnsgsbften seek take place in
surroundings that are conducive to learning. The performance and excellence of pupils are
greatly improved when schools are situated in strategic and securelatt@apia as one of
the developing countriethe country schde location is either in city or rural area are not
safe for studestand learning process, basa of not located using integration of geospatial
technologies multi criteria analysis metho@scording toFederal democratic republic of
Ethiopiaministry d educatiorstatisticsannualabstractthe total number of primary schools in
Ethiopia is 37,750 in 2019/20 and schools in amhara region is 9080.

Primary Education in Ethiopia consists of 8 grades, implemented in two cycles: Primary
1st cycle (Grades-4), and Primary 2nd cycle (Grades3h The official primary school age
is 77 14 years old. Since the introduction of Education Policy in 1994, government has
steadily increased its share of primary education through the construction of new schools,
availingfacilities in schools and carrying out inspection among others. For this reason, the
greatest numbers of learners have been absorbed in primary schools compared to any other
level of education. Primary Education acts as a bench mark for other procedultatgjan
levels of education and thus takes the largest share of government spending on education in
Ethiopia.(MOE, 2020)

Schools location found in Debre Birhan town are not selected by developing criteria and
integration of geospatial analysis technologi€Boday, site selection and land
appropriateness are processed by the development of integration Geospatial technology
sdtware and sophisticated computer technology. Land suitability study, broadly interpreted,
tries to determine the most suitable spatial pattern for the future location of a site in
accordance with specific requirements and preferences of various actiSitigability
analysis is an effective method to select appropriate site location for school development

based on various selected criteria.



Therefore this research paper is intended to assess and to show in map the
suitability/unsuitability of current laations of the elementary schools in Debre Birttarmn
using apply integrated geospatial technologies software based on multi criteria evaluation
and propose new optional sites.

1.2Problem Statement

According to the Ethiopian Ministry of Education, the miry builds, manages, and
consults both public and private primary schools throughout the ndtiwministry of
education working in large to achieve universal primary education in line through the
Education for All goals. Substantial improvements ha&enb made through school
construction by decreasing the distance between students living homes and schools.

The distribution and location of schoolsebre Birhars somehow not appropriate. Some
schools are situated close to the main riikeel atse Zeralgob elementary schools, modal
number two For that reason at entering and exiting the school students are exposed to car
accident, to traffic noises and air pollution. Some schools are also exposed to different noises
such as music shops, people and arspaid small and tiny factory noises etc.

Other schools are close to hazards such as high voltage electric power, gas station etc. Those
problems can have negative impact on quality of education as well as safety of the students.
Therefore this research per is intended to assess and to show in map the
suitability/unsuitability of current locations of the elementary schodBeinre Birhartown
usingintegration of geospatial technology basedmulti criteria evaluation and propose
newsuitablesites.

1.3 Objective

1.3.1General objective
General objective of thistudyis to investigate suitability of the current elementary school

locations and to propose optional suitable sites in Debre Birhan town by using integration of
geospatial technologies.

1.32 Specific objective
The specific objective dhis project are:

1. To evaluate the existing sites of elementary schools.
2. To identify the factors that determine appropriate site of school from Ethiopian

Context and other countries.



3. To analyze appropriatesite of school using thantegration of Geospatial
technologies

4. To identify new suitable area for elementary schools.

1.4Research questions
1. What are the main criteria and factors used to evaluate site of elementary school?
2. How geospatial technologies antegrated in school suitability analysis?
3. How many elementary schools are fell in moderate and above suitability level
according to criteria?
4. How many new suitable area of elementary schools are fell in moderate and

above suitability level according toiteria?

1.5 Significance of the Research

This research is believed to be primarily important for Debre Birhan education bureau.
Besides, the project could also be applied by the bureau to other Zones and Woreda. Debre
Birhan Education office, Debre Birhamban land management office and Debre Birhan plan
implementation office is also beneficiary from gtadyto take action on the current school
locations and for future to proposed and build new schoolsthEséswould also contribute

other researcheithat would investigate scientific methods for site suitability analysis of

various social services in cities.

1.6 Scope of the Research
This research is conducted at Debre Birhan elementary schaolsinly focuses on the
identification suitability of the current elementary school locations according to crjteria

analysis and process using intgwn of Geospatial technology.

U Identify the criteria to support determine appropriate site of school at Ethiopian and

additional countries Framework.

U To sds the existing site location into suitable classes and map new suitable schools
site location inDebre Birhartown.

U Show the main rule ahtegration of Geospatial technologlay in site suitability
analysis procedures.

The thesis is conducted from JamgMay 2015 E.C.



CHAPTER TWO

2. LITERATURE REVIEW

2.1 General over view of school site suitability

School sites are a key factor in the educational process, and children spend most of their time
at school when they are outside their homes. Schools that arlmeatééd, designed within

a systematic plan, safe, and operated in an efficient manner costoilthe development of
society,(Baser, 202Q)

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 settiotise
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
(Waleed lagrab, 2017)

The ekmentary education is important at the agel®, this period configuresthe hi | d 6 s
personality. Unquestionably, the skills and information are gained in this age.

Site selection is a complex problem that involve, technical, political social, enviroimenta
and economic demands that drficult to satisfy via one method which may be in conflict

with others. Schools need be located on safe places; these safe locations should also be
optimal and economical to thelgic in terms of accountabilityNgigi, 2015)

Identifying a suitable site for development of arban area is one of the most
appraising task of planning. Sisauitability is the techniqu understand the quality of an
existing site and also the factdhat determine the location fan activity(Mukhopadhaya,

2016)

Schools which are located in a strategic area play an important role in improving
studentsodé perfor mance rgsiudentanxMaleysid spenéste 8 Gener
hours at school (from 7.30 a.m. to 3.30 p.m.)yddihey need to attend acaderiasses in
the morning and ceourriculum activities irthe evening. They spend almabstf of their age
in the school environment since five six years old (kindeegtenlevel) until 18 years old
(when almost all of them complete their secondary lgilpaidah Bukhari A. R., 2010)

The research begin from reviewing, exploration and assessment of guidelines used by other

countries to fnd a complete and reliable of criteria for school site selection focusing on safe



location ,therefore not all criteria have equal important some are high significant while others

less important dependiran the objectives of the stu@. Hussaini, 2018)

2.2 Suitability of school location

Educational area has a characteristic educational function that supports the improvement of
knowledge, physical, and morals so that students can achieve their higglesdrg ideals

(Harun Din Haqg, 2023)

Several studies have focused on school sites issue. However, there are still lacks of research
for school site selection modeling that can safeguard school children safety. This study is
intended to i mprove the quality of the schoc
the multicriteria decision analysis and Geographic Information System (GIS) into the
decision making procegZubaidah Bukhari A. R., 2@).

Educational services is one of the most important public services that must be provided to
members of any locality, as the education sector of the most associated with the construction

of the future and the achievement of the renaissanceoamicll development sectors,

because of its direct links to political reality and the economic social and cultural sectors, so
governments are striving to provide educational institutions of all levels (kindergartens,
kindergarten, universities) in order &ccelerate progress and prosperity, where the Progress
and peopl eds devel op abersdrvicestoethe popdasi@eleed by a
Lagrab, 2015)

Land suitability study, broadly construed, tries to determine thé¢ sndable spatial pattern

for the future location of a site in accordance with specific requirements and preferences of
various activities.School locations have a lasting impact for students, teachers, and the

communities they are locatedunsuitablearea



2.3.Major factors that determine school site selection
The criteria were based on the study area re&lgyermination of the relative weight of the
standards The relativeweight of each criterion was given based on its importance in
detemining the location of the sool. This done by extrapolatindpe opinions of the
academics and specializes in the distribution of public services, planning, public works, and
education to select the weight for each crite(idarwah M. Al-khuzaie, 2018)

Each criterion was normalized to a common scale ranging fronotlsuitable, 2
less suitald, 3suitable, 4most suitableA pairwise comparison was performed for each of
the subcriteria in the categories above and eight assigned to each sabteria (Jamal,
2016)
From an analysis of previous research employpagial technology to assess the
development in the education sector, a suitable method can be dev@omedimara
SaktiAnjar, 2022)
This thesis compares many international guidelines, rules, and standards with Ethiopian
standards in order to produce appropriate and accurate criteria:
United States environmental protectiageacy (EPA), (2011) suggested potential sites can
be evaluated by the following general criteria topics:
(1) Size,
(2) Accessltraffic,
(3) Utilities,
(4)Shape,
(5) Security/safety,
(6) Costs,
(7) Location
(8) Noise levels,
(9) Topography/drainage, and
(10) Soil conditions/plant life.
According toQueensland government department of educatichaol must be protected
from potential adverse impacts from -sfte activities (e.g. infrastructure, land uses) which
could adversly affect the health and safety, wellbeing and amenity of the school and its
students. It is preferred that school sites which are situated within existing or planned

residential areas.



The site is not:

1. Situated in or adjoining a zone or land use tlsalhcompatible with the use of the
site as a school

2. Within 100m of major overhead electrical transmission lines

3. Within a defined buffer area and/or close proximity of existing or future
infrastructure which may pose a risk to the safety and wellbeifgtwfe users of
the school (i.e. defined sensitive use buffer areas for hazardous infrastructure such as
gas pipelines or storage facilities for fuel or hazardous chemicals)

4. Adversely impacted by industrial or emission generating activities
Impacted by noise or odor from a waste facility, sewerage treatment plant or
sewerage treatment pump station, or intensive animal industry

6. Located in close proximity to a current or future major transport corridor (including
a heavy rail corridor or highwa and the noise and vibrational impacts cannot be
buffered from internal and external learning areas sufficiently to meet requirements
set out in the Design principles and technical standards for Department of Education
facilities

7. Located in close proxiity to uses that create a real or perceived threat to school
security or student safety. Specific uses such as adult store, detention facility, drug
and alcohol rehabilitation facility or brothel or the like, must not be within 100m
walking distance of achool site(Queensland goverment, 2022)

Other researchers use to analysis site suitability considerable more proximity to airports,
proximity to hightvoltage power transmission lines, health hazards, proximity to railroads,
proximity to gasstation, noiseproximity to main roadways, anshfe routes to schaol
Debre Birhan Education bureau di scussed and | isted criteri
in the standard quality of education book as follows:

x  Students should getschool with in a distance 1.5 km for primary school and from

3-5km for secondary school.

x  The school should have access to road, or it should be built near roads.

x  The school should be far from disturbing busy road, bars, and commercial areas.

x  The school shald locate on plane space, and it should not have proximity to flood,

stream or Dum.



x It should have free space for different facilities and activities such as for sport and
vegetation.
x  Area for elementary school should be 15;088,000 rdand it can be dfer in rural
and urban.
The above criteriabs which are taken from
amongt hem on suitability of school | ocati ons.
accessibilitysoil & topography, free from noissize, and environmental hazards. Therefore
from the common characteristics it is possible to categorize as safety factors (proximity
industriesproximity to high voltage, proximity to hazardous substance, @cvironmental
factors (noiseproximity to commercial area), accessibility factors, and physical factors

(access to road, proximity to residential)

2.3.1.Safety factors
i.  Distance from industry area

Schools must be located away from industrial areas because of the safety risk caused by the
heavytraffic of the routeFactories emit fumes and are also noisy and surrounding it may be
residential area for the workers and unplanned center is bound to sprout. Expert recommends
a minimum distance of 500 meters from the factory as a safe distancecfaya location(

Philip Kiprono Talam Moses Murimi Ngigi, 2015)

il.  Proximity to main road

Road is a very important criteria in site suitability as the need of transportation and
connectivity mainly relies on the road networkihim a city. So, efforts are taken to make

the site closure to the road. And, also to avoid accidents buffer zone of 1000 m
(SayanMukhopadhaya, 2016)

iii. Distance from High power transmission line

Schools should be located far from electrical transmission line to ensure students and

schools staffs are protected from the high voltage electrical effect (Bukhari Z. et al., 2010).

2.3.2.Environmental Factors
i. Distance from commercial areas

Schoolsshould be located far from the commercial area because of the heavy traffic that
contributes to air and noise pollution. This is also to avoid school children to waste their time
playing in the arcade section. For this study, the acceptable distanceh&aommercial

area to schools was at least 1 (8akhari).
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ii.  Distance from stream
Distance from streanisdistances between Oirb00m are unsuitable and distances greater
than 450m are most suitalfleshadAmirJamal, 2016)

iii.  Proximity to the existing high school
Proximity to the existing high school is the most important criterion in site selection for the
new high school. In accordance with rational resource allocation, the new high school
location should be at a suitaldéstance from the existing higithool(Dadfar, 2014)

2.3.3Accessibility factors
a) Proximity to residents

The accessibility analysis was based on a new government regulation (Minkstiercaton
Regulation no. 23/2013kgarding a maximum school distance from tésidential area.
These 12 regulations suggest t hatesidantiahr i mar
urban area, whereas secondary ho ol s mu st (Qeelnfosmatioh,i2021) O6 k m

b) Access and Traffic
The site is serviced by a minimum of two road frontages (three road frontages preferred).
These must be usable, formed road frontages of sufficient length (including one road
frontage of at least 130m saible for bus bays) that can provide vehicle access to the school
site Primary schools must be located with direct access (i.e. no road crossing) to ovals or
other suitable outdoor play space where it cannot be delivered as part of the school site
(Department of Education queensland government, 2022)

c) Slop
Based on the Ministry of Education (MOE) and Department of Town and Country Planning
(JPBD) guidelines, schools should not be built on the slope that more thdAhr6ad Z.
B., 2010)
Proposed site for school
The proposed site must allow for cestective delivery and operations of a school site and
minimize any constraints that may delay or complicate the delivery of the school site.
The site is a useable lot that:

U Is regular in shape,

U has a maximum slope less than 1:20,

U does not rely on excessive on excessive earthworks (e.g. large retaining walls,

batters) with sufficient area to accommodate flat land for ovals and play space,
9



From the different factors stated above that determine suitability of school location the

does not encroach into areas affected by hazards (natural or otherwise),

Theorientation provides appropriate solar accest$y preference given to sites

that promote road frontages with a north/south orientation, and

Ensureany required cutting, fillig, retaining walls and earthworksinimizes

adverse impacts to vegetation, natural features and topography.

following criteriads are summari zed.
Tablel: Criteria's from literature
No | Factors/constraintg criteria source
1 Proximity to large | Identify and evaluate all large (EPA, 2011)
Industry industrial facilities within 0.8 km
Small industry Identify and evaluate other small
sources within 300 m gdrospective
school locations.
2 Proximity to| Students should get a school with in (Amhara educatiot
residence distance 1.5 km for primary school bureau)
and from 35 km for secondary
school.
3 | Road access A school should have access to roa( (Department ol
for transportation. Education
queensland
government, 2022)
4 | Proximity to| For this study, the acceptable distal (Zubaidah_Bukhari,
commercial area | fromthe commercial area to schools v} 2010)
at least 1 km.
5 | High voltage line | Proximity to high voltage power lings| (AmirJamal, 2016)
distance buffer between 0iml50 m are
unsuitable whereas buffer distan
greater than 450m were most suitable
6 | Gasstation Identify and evaluate gas stations ai (EPA,2011)
other fuel dispensing facilities within
304.80 meter of prospective school
locations.
7 | River/stream Indiana State Board of Education (20( (Zubaidah Bukhari

clearly states no school can be b
within 500 feet (152.4 meter) of

A R.)
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stream. For this study, the accepta
distance from the school site to t

nearest stream was at least 300 m.

8 | slope

easiest.

The overall slope of the site must be (Ali, 2018)
flat enough to allow for ease of
construction. To build on, a flat
terrain is the least expensive and

9 Proximity to high

ways, Main rod meter.

Identify and evaluate all high traffic
roads and highways within 804.67

(EPA, 2011)

10 | Health centers

A school should have health access (EPA, 2011)
should be near health centers.

11 | Solid waste/land | Identify and evaluate all facilities (EPA, 2011)
fill within 1609 meter of prospective
locations.

2.4 Analytic Hierarchy ProcessAHP
The problem is separated into different levels when a hierarchical structure is used for

problem solution in AHPAnalytic Hierarchy ProcesGAHP) is a method that allows the

consideration of both objective and subjective factoramking alternatives.

To apply all the criteria in decision making process, Analytic Hierarchy Process (AHP)

method was used. AHP which was developed by Thomas L. tBathiy 1970s is a process

for ranking alternatives. A numerical score need to be developed to rank each alternatives

based on how good

each

al t er n(@hmadZeB.,8013) t s

Analytical hierachy process (AHP) to support the decisioaking process on selecting an

appropriate site for development urban green sp@elan, 2021.)

2.5Multi -Criteria Decision Making

Multi-Criteria Decision Making (MCDM) is systematigay to select the best available

alternatives based on different opinions, conflictprgprities and values. Spatial uiti-

criteria decision making involves a set of geographieddifined alternatives (events) from

which a choice of one or more alteriwatis made with respect to a given set of evaluation

criteria(Merga, 2014)
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2.6 Pairwise comparison matrix

The pairwise comparison matrix was applied to determine the weight and consistency of

each criterion at each level of hierarchy by relative rating. The nine point rating scale was

used where 1 represents equal importance (i.e., two factors contributially équthe

objective), 3 represents moderate importance (one factor slighttyedover another), 5

indicates strongly important, 7 stands for very strongly important, and 9 stands for extreme

importancg(Mustafa, 2011)

Tale 2: The fundamental scale for pairwise comparison

Intensity of Definition Explanation
importance

1 Equal importance Two factors contribute equally to the objecti

3 Somewhat more important | Experience and judgment slighfigvor one
over the other.

5 Much more important Experience and judgment strongly favor one
over the other.

7 Very much more important | Experience and judgment very strongly favo
one over the other. Its importance is
demonstrated in practice.

9 Absolutely more important | The evidence favoring one over the other is
the highest possible validity.

2,4,6,8 Intermediate values When compromise is needed.

Reciprocals of | If activity has one of the

above nonzerg above nonzero numbers

assigned to it whecompared
with activity j, then j has the
reciprocal value when
compared with i.

{ 2dzNDOSY

FRFLWGSR FTNRY a{llGec¢

OHANYy

The comparison's findings (for each factor pair) were expressed in terms of integer values

ranging from 1 (equal value) to 9 (extrem#atience), where a higher number indicates that

the factor of choice is seen as being more significant than the other component.
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Additionally, AHP offers tools to identify mathematical judgment discrepancy in order to

guarantee the validity of the relatigsegnificance utilized.

2.7 Integration of Geospatial technology

Today a new generation of scientists and researchers are making the history of
Geospatial Technology. They are using sciemased approaches and the powerful tools of
geospatial measuremitg data collection, data management, spatial analysis and modeling,
and geospatial visualization. They are accelerating the creation of geographic knowledge
and its application to nearly every problem confronting society tgNdads van Manen,
2009)
The Integrated Geospatial Information Framework is a-@ifsts-kind global guide that
provides concrete recommendations on establishing national geospatial information
infrastructure and managemeénand putting thatnformation to use. The guide also calls
for partnerships with the private sector, civil society, businesses, and academic institutions
who have access to relevant data and technd@ldgyldbank, 2019)
Geospatial technologialso known as Geomatics) is a multidisciplinary field that includes
disciplines such as surveying, photogrammetry, remote sensing, mapping, geographic
information systems (GIS), geodesy, and global navigation satellite system (GN®S)
cheng,200LCitedin (Aina, 2012).

Physical land suitability for aquaculture was assessed using geospatial technology and a
multi-criteria evaluation. For this study, ArcGIS 10.3 was used to reclassify and map
numerous thematic layers such sdspe, soil types, rainfall, LST, road, river, lakes and
reservoir, market, LULC, river density, and road density to identify land suitability for
aquaculturgMuleta, 2022)

2.8 Application of integration of Geospatial technolay
Establishing control point
Improving accuracy
Suitability analysis
Extraction new information
Analysis information
To fill gaps of oneds technology
To secure datand to update

13



U Global navigation satellite system
Latitude, longitude, and elevation tiirespect to a geoid are determined using the GNSS
(Global Navigation Satellite System). This feature can be utilized to locate the precise
measurement locations and gather surface topography. The GNSS locates itself by figuring
out how far away the reoar is from various satellites orbiting the planet. The satellite radio
waves' phase and travel times are measured to gain this information. These positions are
utilized to pinpoint the receiver on the earth's surface because each satellite's premse locat
Is known. Additional correction signals may be required, depending on the level of accuracy
required, to obtain precise measurements.

U Geographidnformation systems (GIS)
Geographic information systems (GIS) play a significant role in analyzing spgateasuch
as school location when the data is integrated into spatial dafggise J. U., 2016 )
ArcGIS 10.1 was used to perform all vector data processing such as shape file creation by
digitization of points, and lines &ures and also performing suitability analysis using
weighted overlay toalJ. U. Richard, 2016)
A Geographical Information System (GIS) is a system for capturing, stamadysingand
managing data and associated attributes, which are spatially referenced to the Earth. The
geographical information system is also called as a geographic information system or
geospatial information system. It is an information system capable ofatitegrstoring,
editing,analysing sharing, and displaying geographically referenced information. In a more
generic sense, GIS is a software tool that allows users to create interactive gnahss,
the spatial information, edit data, maps, and pregenresults of all these operations. GIS
technology is becoming essential tool to combine various maps and remote sensing
information to generate various models, which are used in real time environment.
Geographical information system is the scienceizutly the geographic concepts,
applications and systems. Geographical Information System can be used for scientific
investigations, resource management, asset management, environmental impact assessment,
urban planning, cartography, criminology, historgles, marketing, and logistics. For
example, agricultural planners might use geographical data to decide on the best locations
for a location specific crop planning, by combining data on soils, topography, and rainfall to

determine the size and location lblogically suitable areas. The final output could 2
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include overlays with land ownership, transport, infrastructure, labour availability, and
distance to market cantgfsww.manage.gov.in, n.d.)

U Euclidean Distance
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 diragtiistances
between home and nearest school, and not the actual distance traveledirgstiotairate
distances using roads network analysis would be poséiliieL EED LAGRAB, 2017)
Euclidean distance which is a measure of distance from every cell to the nearest source was
model for both the settlement and secogdschool data. Euclidean distance calculates
straight line distance to a source cell and this model are mostly applied in suitability studies
for selecting optimum sit€Ogba J. U., 2016)

The concerns all above studies alescribingsite suitability with the conceptof
integration of geospatial technology use &1& basedViulti-Criteria Decision Makingin
order to find ptential places for a publ&chool, a geographic information system (GIS) was
combined with a multiplecriterion decision making (MCDM) method. Suitability
assessment incorporated both analytical planning and geographically relevant data using
MCDM and GIS. Environmental effects, safety issues, and accessibility were the three key
themes that were dividag into the chosen criteria.
Urban planning proclamation
EthiopianUrban Planning Proclamation No. 574/20f}&ine plans in hierarchy and urban
plans recognized structure plan and neighborhood development plan.
Hierarchy of Plans
Based on the national amégional developmenstrategies and schemes the following
hierarchy ofplans shall be considered:
1/ National urban development scheme;
2/ Regional urban development plan;
3/ Urban plans.
Types of Urban Plans
The followingtypes of urban plans are heralegognized:
1/ city wide structure plan; and
2/ locd development plafUrban Planning Proclamation No. 574/2008, 2008)
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Social Service Definition:Social Services are services which society provides to all citizens
throughthe agency of the state. Education, Health care and family planning services are
the most critical social services for the urban poor. In addition to these, services such as
housing, worship places and cemeteries, sport and recreation are also consetere
(Federal Urban Planning Coordinating Bureau, 2004)
Details of the Points to be Considered when Evaluating Urban Plan Reports
Evaluation of Text Report
Under the Regional Study does the repactude
1. Physical and Environmental Characteristics
2. Geological Aspect
3. Demographic Characteristics
4. Basic Characteristics of the Rural Economy
5. Physical Infrastructur€ DB Zone urban plane implimentaton office)
According to Debre Birhan zongban plan implementation office guide line for prepare
structure plan basicalgddressome of their contents are:
Environmental Aspects
U environmental pollutions
U existing number, type and physical distribution of recreational facilities
U land degradation, vegetation/ forest, etc
U Natural and Mammade Constraints and Urban Expansion Areas
U Formulation of alternative strategies to address the problem identified thorough the
assessment
Physical Aspects

Assess physical features of the town

U Altitude /elevation
U Slope/ gradient in percent and classification of their respective area
U Sewerageand otherfields mainly focus the study is related for may be youth to

factors fieldto suitability analysis of primary schools

Theelementaryschool siteselectionguide line or criteria are note prepared specifically for

select appropriate primary schools location according to plan implementation office.
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CHAPTER THREE

3. MATERIALS AND METHOD

3.1 Description of the study area

Debre Berhatownwas esthlished in 1454 by Emperor Zewggob. It idocatedn Amhara
National Regional State and currently, tio&n has been serving as the seat of Northern
Shewa Zone Administrationpolitical Debre Brhan town Administration have 39 total
kebeles with in fivesub city 24 urban kebelas and 15 rural kebelée structural fan
covered or incorporateebasa, Zerayekolhecha andMinilik sub city and they have 24
kebeles the study focus this planed sub city ar€he Town is situated 130 kilometers
northeast oAddis Abeba bong the highway between Desditekele The town is known
for its cold climatic temperature and is locat®38 N latitude 39°40'E longitude 9°43

N latitude 39°33' E longitud€°38 N latitude 39°33' E longitud&°35 N latitude 39°29'

E longitudeextension The majority of Debre Berhatleveloped sections are located at a
height of 2750 meters above mean sea léveherally, the topography is classified as 86%
flat, 10% sloppy and 4% mountainous. The total area of thes@656.16hectares of land.

ETHIOPIA MAP AMHARA REGION MAP
34 36 38 40

Debre Birhan Town
544000 548000 552000 556000 560000 564000 68000 N

1076000
>

Scale 1:200,000

1072000

Legend
D Town_Boundary

Coordinate System:
Adindan UTM Zone 37N
Projection: Transverse Mercator
Datum: Adindan
False Easting: 500,000.0000
False Northing: 0.0000
Central Meridian: 39.0000
Scale Factor: 0.9996
Latitude Of Origin: 0.0000
Units: Meter
Author: Mulualem H/giorgis
Date: 6/28/2023

1060000 1064000 1068000

544000 548000 552000 556000

Figurel: Debre Birhan location Map
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Temperature and Rainfall

The annual average temperature of tinn ranges betweeB5°F in the coldest

month Pec) to60°F in the hottest month (Mayverage annual rainfall rang@s Debre

Birhan town is between 0.5 to G1im.

Table3: Temperature and Rainfall data in Debre Birb@amn

Months Jan| Fe | Ma | Ap | May | Jun| Jul | Aug | Sep| Oct | No | Dec
AveragelF) Temperature 55 | 57 | 59 | 59 | 60 | 60 | 57 | 57 | 58 | 58 | 56 | 55
Average(in) rainfall 0917|2940 |20 |16 47|51 |29 11 |05|05
https://weatherspark.com/y/101155/Averalfeathefin-DebreBirhan
Tempratuire monthly
61 60 60
60 59 59
59 58 58
58 57 57 57
%57 56
5% 55 55
55
54
53
52
Jan Feb  Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
B Temprature
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https://weatherspark.com/y/101155/Average-Weather-in-Debre-Birhan

Figure3: Average Monthly Rainfall in Debre Birhan

Infrastructure
In comparison with the past few years both the coverage and the quality of services are

improved in Debre Birhan. The asphalt road from Addis Ababa visetied/ekela passes
through the town. ThBebre Birhartown is connected to its neighboring Worebgsisphalt

like Debre Birhan juru and Debre Birhan Ankober road propaud altweather road
networks. However, the road networks joining the city with rural Kebeles are dry weather
roadsDebre birhan have 18 primary schools schools

Economic Activities

The dominant economic activities in the town are tanneries and blanket factories. Agriculture
on the suburbs provides livelihood to a large section of society. In the town there exist one
Government University, various colleges, schools, banks, hospitalgbblic and private,
various clinics and higher secondary and preparatory schools.

Population and Demography

The population of the city based on the 2008 national census is 79,832 (CSApRAO08)
currently according town administration the town poputatgalmost 350,000

Schools

In Debre Birhan town there are 18 primary schools in total. 8 are governmental and 10 are

nongovernmental schools. They all schoolsehavt ot a | 10820leandalshbent 6s

5715 is female students.

Table4: Schools no of Debre Birhan

No of No of student Total
School Male Female student
Governmental 8 2948 3503 6451
Nor 10 2157 2212 4369
Governmental
Total 18 5105 5715 10820
Accordingtot he above tabl e i nformati on mor e

elementary schools is females.
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Student number and schools name

Student no and school name
49 Afew erk tefera
66 Selamchora
140 Kaleyat Akadami
146 Atakelet
193 Victryu
268 Berana youth
350 meliekit Acadamey
350 Milinium Acadamey
411 Abune
625 Model no2
723 Model kutir 1
726 Sorisa
748 Devayen providens
853 Ats Zerayekob
1,030 Biruh tesfa
1,186 Abune_Gorgoriyos
1478 Tebassie Medhanialem
1,530 Andinet

JONaRR00RNORONoN

Figure4: Student number and schools hame

3.2Data Sources

Multiple data sets, including primary and secondary, raster and vector data, were gathered
and used to address tlodjective of this study. Secondary sources are those that are
repurposed from previous research or acquired from other systems, whereag soumees

are that are directly measured and collected usageospatial technologypr analysis

Ground control pointase to for reference and gather features data on filed before collecting
ground data first check the Ground control points (G@es)iracy closeness.

collect features datar informationusingsouth GNSSeceiverthe data collection methods

is real time kinematic (RTK)the objects collecivhen the features not visible and new
construction sitesf thefactorsof suitable primary dwols site selectioror thefeaturesare
noton ortho photo or structural plan. Questionnaire is other primary data souactgeee

the objectives of this thesis.

Secondary data gathered from governmental concern body office and various sources.

Table5: Secondary data type and sources

no Data type sources
1 Structure plan (sp) Debre Birhartown plan implementation office
2 Base map Debre Birhan plan implementation office
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3 2"d order control points Debre Birhan urban land dictive
4 39 order control point Debre Birhan urban land directive
5 Debre Birhan Ortho photo | Debre Birhan land management office
6 Town population data CSA, Town administration
7 Schools and student no Debre Birhan educational office
3.3 Materials

During the fieldwork, SOUTHE GNSS satellite receivers are employed to collect initial data.
Additionally, various related data ai@tho photohave been used. The materials used in

this studyare summarized here.

Table6: Data havébeen used

no Type Desicription Source
1 Software ArcGIS 10.8.2, ERDAS| ASTU,GIS Lab, oper
Imagine 2015, IDRISI, | source DB town land
AUTO cad extAHP multi| district

criteria analysis, Google
Earth pro, SPSS,SGO
South Geomatics Office
Microsoft Excel, Microsoft
Word
2 SouthGNSS GNSS satellite receive| DB town land district

post process office

Total station Collect data at filed DB town land district
4 Handheal GPS Satellite receiver| DB town land
GARMIN handheld 72| management office

GPS for navigation only

5 Debre Birhan Orthg The ortho photo is recentl DB town land district
photo can crate feature
information
6 Base map Debre Birhan line feature| DB town plan

implementation office
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3.4.Research Methodologyand procedures

3.4.1Data collection

This Site Selection Criteria Handbook was developed with flexibility in mind and can be
used by school districts to perform a site selection analysis for any school facility by
carefully selecting the appropriate criteria and weighting fadistricts can use this guide

for analysis of site opportunities for elementary schools, secondary schools, charter schools,
alternative schools and special purpose facilii@aska, 2021)

In this study, questionnaire is onéthe primary methods to collect standardized data from

a number of stakeholders in the education systedrgeospatial experfBhe questionnaire's
guestions were systematically designed in such a way that all necessary variables for

suitability critera.

3.4.2.Sampling Size and sampling Techniques
The town have 18 total primary governmental and nongovernmental schools. The town plan

implementation office experts, Debre Birhan Town land management officers, Schools
directorandteacherswere choseexpert membea stratified sampling technique used in the
study from population select samples size by using slovins formula the accuracy level is

95%,and fill out a questionnaire.

Com
P G @A\

com
P& L

Where: n = sample size; N = the total numbedicéctor and teachereducational experts
andgeospat i mdmbeesxmperl 6 error tol erance
158 respondents were taken frafirector and teachersducational expertandgeospatial

e X p ememhbers.
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Table7: SampleDistribution

stake holders No. of population Sample
Directors and teachers 205 125
Geospatial officers 20 12
Educational officers 35 21

Education and land management information desk
Stratified Random sampling techniques were used in order to include sample respondents
from all the target parties. Then after, a simple random sampling techsigged in order

to take sample respondents

3.4.3 Topography data collectionand Methodology
To achieve the objectives of thesearch the following approaches of analyzing data are

implemented.

Reconnaissance survey;
Read statics DGPS data;
Adjustment of DGPS data;

collect the data at site not visible on Ortho photo

Digitizing the new feature
Reconnaissance Survey
Before starting the field work, reconnaissance survey of the area will be carried out. This
will help in understanding the research area and boundary. In addition all necessary data that
needs to be surveyed will be identified angistered.
Surveying Requirements
The main requirement of the surveying work is to give as much as possible for the next phase
of surveying works. In this aspestall be ready to undertake the following major activities
in the preparation of topographiarsey of proposed site.
U The coordinate readings of control points or bench marks will conform wivee
2" and 3% order Gep coordinateBifferential GPS gouth) reading taken at the site
U Post process the static data and check the accuracy
U Using the fixed permanent control points and bench marks, the detail topography
surveying work of the proposed site and its surrounding will be surveyed.
The ultimate outcome of the survey to be misddure when not visible in Ortho photo and

line featue.

23



Topographic Surveying works
This stage is the main activities to be collect the data. Initially make a site visit to locate and
all relevant data information considered relevant to the project. Such data and information
include, but not limited to:

U New data Collection or surveying work of

1 Existing Elementary school
f Survey of alll infrastructure (gas st a

In general locating all important data and features of the site will bedawedi in

topographic surveying.
Digitization of features
In Arc-Catalog and prior to digitizing, a file or personal gkdabase is created to provide
for space to store and analysing the various feature classes. Then a feature dataset is then
created within the geo database. This afldar the definition of the projection and datum
parameter that are going to be assumed by all the features in it. New feature classes are then
created.
The ortho photo image is loaded in Arc Map. The target feature class is also loaded.
Digitization is done onscreen by tracing over the feature boundaries.
Adding data of Auto CAD base map
Adding data which is an existing Auto CAD base map of the project area in to Arc GIS in
order to overlay with other Arc GIS data to fill the gap of the swetalata ath vice versa

3.5.Procedures

This study focuses on the primary schools site suitability analysis for evaluate existing
primary schools and proposed new suitable site selection with respect to criteria components
and based on the primary dat&his studythe integration Geospatial methodology was
established. This research strategy applies fosystematicand scientific approaches to
examine spatial data, with a focus on choosing an appropriate locatioprforaay school

in thetown of Debre Birhan.

To identify the main environmental, safety, accessibility, and other factors supports to
identify and appropriate site of primary schoolayious reviews of the literature were
compared and discussdgleview the best practices from other countries and the Ethiopian

context for choosing appropriate sites fjoimaryschools.
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Various international guidelines and policies, as well as Ethiopian guides, were used to
develop an appropriate school site setectand evaluation criterion. Surveys of several
school stakeholders, including the school director, teachers, and education officers, as well
as surveyors from urban planners were done to increase the reliability of the criterion.

The pairwise comparison atrix was applied to relative importance, factors of
environmental, safety, accessibiligyitability maps measuring variables using a pairwise
comparison method of Analytical Hierarchy Process (AHP). Actual factor weight and class
weight (or rating) foparameters involved in the study were determined systematically based
on the AHP. The priority of each factor involved in the AHP analysis is determined based
principally ondifferent literatures review were compared and discuasedalso the town
geospanl officers, school stakeholders, including the school director, teachers, and
educat i o opinions.fThecrethad $s implemented using the pairwise comparison
technique that simplifies preference ratings among decision criteria.

Develop analysis mad builder to perform the spatial operatidiis study proposed using
integration of geospatial technology afdS-based multcriteria suitability analysigo
ArcGIS Model builder was used to create models for each factor. The final suitability map
is oltained by aggregating all the factor results using a single model.

After processingropose new suitable schools site locatioa suitability map, alternative

new slutable site maps were creatdah ensure that the new suitable locations are developed
acarately, measurement and checking were carried out using the ArcGIS measuring tool.
The measures are used to determine the new site's area, distance from restricted areas, and
distance from the old site.

The generalized process of this researgtastify the main criteria and environmental,
safety, accessibility and other factors that determine appropriate site of school, different
literatures review were compared and discussed. The study concludes with a system that has
been improved using geogjad technologies.

Give weight by using Analytic Hierarchy Process (AHP) as a ratiteria decision analysis

(MCDA) technique.

Fortheweld evel oped criter i a0 s jterid) and ¢coostrainccriteria er i a
(restriction criteria),weight is determined of each factor by using Analytical Hierarchy
procesgAHP).
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AHP is employed for rating/ranking a set of alternatives or for the selection loéstia a
set of alternatives (Saaty TL., 1977). The pairwise amspn, concerning theelative
importance of the two criteria involved in determining the suitiyifibir the stated objective,
Is the basic measurement mode employed in the AHP process. (AHP were calculated using
excel).

The AHP procedure involves six essential steps (Lee,IAW.C. Chen and C.J. Chang,
2008).

U Define the unstructured problem

U Developing the AHP hierarchy

0 Pairwise comparison

U Estimate the relative weights

U Check the consistency

U Obtain the overall rating

This study proposed the applicationmtegration of geosatial technologyfFor each factors
models were developed using ArcGIS Model buildllectthe data at site not visible on
ortho photdoy using GNSS RTK methods, for weight calculate and process use HRIS
extAHP multi criteria analysisveighted calclator. All the factors result are aggregated
using one model to get final suitability map.

And from the spatial operation result new map layer is producedeXisingschools are
overlaid in to the new map. And they are classified in to differeietgycaies based on the
suitability location they lay, such as more suitable, suitable, less suitable, and not suitable.
To each criterion maps are produced Oategorize the existingchoolssite location in to
suitable classedzinally proposed nevapprqriate site for elementary schoaising final
suitability map and the town structural plan land use the selected site is most verify in filed

so convert the data in to KM&nd approved thproposedite in filed.
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Technological scheme of the study
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Figure5: Technological scheme of the study
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3.6 Data analysis method

The questionnaire includes two types of data: explanatory data used to test hypotheses and
descriptive data used to measure respondents' opinions andesttifine information was
created in tables, a pie chart, and a bar graph after the data were initially evaluated using
SPSSIt was decided to rate some of the independent factors. By creating eligibility criteria
and organizing the dependent variablesoading to relevance, the questioner was able to
accomplish their main goalhe spatial data informatigxtracted by appropriate integration

of Geospatial technology softwar&he pair wise comparison, concerning the relative
importance of the two critexiinvolved in determining the suitability for the stated objective

is the basic measurement modéhis AHP process.

3.6.1.Categories andAnalytic Hierarchy Process AHP
In this researckwelves ui t abl e criteriads are organized

category has its own pairwise comparison to have weddtdr organizing the appropriate

criteria into a hierarchy, it is essential to weigh the criteria since the model builder weight
overlay tool uses the weight for GIS analysis.

The factors need to be classed to a standard measurement scale to give them a degree of
influence based on weighting in order to establish the weight of each factor and apply it in

the overall suitability of achool location.

3.6.2.Pair wise comparison method
The pairwise comparison method involves the following steps

Development of a pairwise comparison matrix
Then rate for factors range fror1
The method uses a scale with values range fré&mdlratethe relative preferences for two

criteria

3.6.3Computation of the criterion weights
The normalized pairwise comparison matrix is the result of three operations: first, the values

in each column of the matrix must be added; next, each element in themmagtibe divided

by its column total. The average of the components in each row of the normalized matrix
should then be calculated. To do this, divide the sum of the normalized scores for each row
by the total number of criteria. An estimation of the tireé&aweights of the compared criteria

is given by these averages.
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Estimation of the consistency ratio

Determine whether or not the comparisons are consistent by estimating the consistency ratio.
There are 3 steps to arrive at the consistency ratio:

1, Catulate the consistency measure.

2 Calculate the consistency index (CI).

00—
L P
3. Calculate the consistency ratio (CI/RI where Rl is a random index).
5 00
0 e
YO
Table8: Table of random index (RI).
1 1 2 3 4 5 6 7 8 9
2 0.00 0.00 0.58 09 112 124 132 141 1.46

Source: Saaty (1980)
The table below presents pairwise comparisonsevaluating the relative importance of
safety, accessibility, and environmental aspects for school appropriateness. The raw value
increase going to the right because all criteria are sorted hierarchically based on the
stakeholders input. For each tabtnsistency ratio (CR) should be less or equal to 0.01 to

be valid comparison.

Safety factor
Table9: Pairwise comparison for safety factors
. : : . High
Safety industries Main Road gas station
voltage
industries 1 2 3 5
Main Road 1 1 3 3
gas station 0.333333333 0.333333333 1 2
High voltage 0.2 0.333333333 1 1
total 2.533333333 3.666666667 8 11

Usingintegrated geospatial technology calculate weights and consistency ratkbARP

multi criteria analysis Geospatial weighted analysikulatorandintegrated withArcGis

10.8.2 softwareomputedhe criteria weights andutcomef the consistency ratiare the

safety is blow.
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Set weights X

Criteria hierarchy Preference matrix

Set values between 1 and 9 (equal (1) to strong (9) preference). Compared is

& 1 Objective row against column. Transpose values are set automatically.
o 2 Reclass_Industri [47.379] :
i @ Reclass_Main_road [29.936] ss_Main_road Reclass_gas Reclass_Hightension
... @ Reclass_gas [14.047] : [ z
! Reclass_Indust 2 3 5
‘... @ Reclass_Hightension [8.639)] cems | S ‘
Reclass_Main_road 1 3 3
Reclass_Hightension » 333 : 5 | 1 7
< >
Ahp results
Reclass_Industri: 47.379 Compute
Reclass_Main_road: 25.936
Reclass_gas: 14.047 CR: 0.024
< 3 Reclass_Hightension: 8.635 Giee e
create file?
Cancel < Previous = Finish

Figure6: Criteriaweights and estimate the consistency rafieafety

The consistency ratio valusball beless than 0.1. For the elementary school safety criteria,
CR was also calculated and determined to be 0.024, which is acceptable for use in the
appropriateness alyais. The weight of industry is 47%, main road 30%, gas station 14%
and high voltage 9%.

Accessibility factors

Table10: Pairwise comparison for Accessibility factors

Accessibility Residence Road Health slope
Residence 1 2 2 3
Road 0.5 1 3 4
Health 0.5 0.333 1 2
slope 0.333 0.25 0.5 1
Total 2.333 3.583 6.5 10

Using extAHP multi criteria analysis Geospatial weighted analysis software Contpated
criteria weights and estimate of the consistency &xeathe following.
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Set weights X
Criteria hierarchy Preference matrix
= — Set values between 1 and 9 (equal (1) to strong (8) preference). Compared is
=4 Objective row against column. Transpose values are set automatically.

- @ Proximity to residence [40.65
... @ Road_access1 [33.781]

... @ Health center [16.05]

‘.. @ Reclass_Slop55 [9.518]

>

<

Proximity to residence 2 2 _ 3

Road_access1 3 4

Health center L] 333 2

Reclass_Slop55 | 25 ‘ 5 _
>

il Roac!_access1 Health center Reclass_SlopSS

Ahp results
Proximity to residence: 40.651 Compute
Road_access1: 33.781 =
Health center: 16.05 CR: 0.057
% 3 Reclass_Slop55: 9.518 Create map
create file?
About... Cancel < Previous e Finish

Figure7: Criteria weights and estimatke consistency ratiof Accessibility

The consistency ratio presents values below 0.1. CR wascalsalated and found to be

0.057for Accessibility factorssuitability for schools of primarywhich is acceptable to be

used in the suitability analysi$he weight ofproximity to residence 40% Road access is

34%, health centet6%, and slop i40%.

Environmental factors

Tablell: Pairwise comparisoaf environmental factors

Environmental Waste disposal Commercial River Existing 8hool
Waste disposal 1 2 2 4
Commercial 0.5 1 2 2
River 0.5 0.5 1 3
Existing &hool 0.25 0.5 0.333 1
Total 2.25 4 5.333 10

Analysis software computetie criteriaweights and estimate of the consistency ratio

are theenvironmentals blow.
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Set weights X

Criteria hierarchy Preference matrix
— Set values between 1 and 9 (egual (1) to strong (8) preference). Compared is
& 1 Objective row against column. Transpose values are set automatically.
- @ Reclass_Waste_d [44.4]
i @ Reclass_Commer2 [25.26) ass_Commer2 Reclass_River Reclass_ExisSchool
... @ Reclass_River [20.479] i [ | i
i ey Reclass_Waste_d 2 2 4
‘.. @ Reclass_ExisSchool [9.861] e -
»  Reclass_Commer2 1 2
Reclass_River 5 » 1 | 3
Reclass_ExisSchool 5 | 333 1
< >
Ahp results
Reclass_Waste_d: 44 4 Compute
Reclass_Commer2: 25.26 <
Reclass_River: 20.479 CR: 0.037
Reclass_ExisSchool: 9.861 Create map
create file?
About... Cancel < Previous Finish

Figure8: Criteria weights and estimatke consistency ratio @hvironmental

The consistency ratio shows values that are less than 0.1. Fenvinenmentalcriteria
suitable for primary schools, CR was also calculated and determined to be 0.037, which is
acceptable for use in a primary school studlite weight of Waste disposals 44%,
Commercial6%, River is B% and existing schools are 10%

Final suitability

Tablel2: Pairwise comparison of all categories

Final suitability Accessibility Safety Environmental Land use
Accessibility 1 3 3 4
Safety 0.333333333 1 2 2
Environmental 0.333333333 0.5 1 3
Land use 0.25 0.5 0.333333333 1
Total 0.916 5 6.333 10
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Weight

For analysis the categories of safety, Accessibility, Environment and lanceigid is
analyzed by IDRIS 17.0 software.

IDRISI17.0  The Selva Edition = O X
File Display GIS Analysis Modeling ImageProcessing Reformat DataEntry WindowList Help
G EWw| L LR J BN 2EAmO (S %D (¢ T BEE a6 |
— e ——— S——
+ | 1GU Lo )
[+ | (=& =] Module Results
T Pairwise Compari 9 Point Conti Rating Scale |
g | 179 177 175 173 1 3 5 7 ) The eigenvector of weights is :
% exstremely  very stongly  strongly  moderately  equally moderately  strongly  very strongly  extremely Safety : 0.5023
= Less Important More Important Accessibility : 0.2254
G Environment : 0.1781
Pairwise comparison file to be saved : |\EXAMPLE\FinaI_weighLPCF _J Calculate weights I Land use : 0.0%42
Safety Accessibility |Environment Land use |
Safety 1
Accessibility 1 - g .
- Consistency ratio = 0.0¢
Environment  |1/3 142 1 Consistency is acceptable.
Land use 1/4 1/2 1/3 1
Compare the relative importance of Accessibility to Safety
oK Close Help
v
< >

Figure9: Weight of all categories

According to IDRIS weight calculator the result of category is, safety Faessibility
23%, Environmentall8% and land use is 9%R was also calculated and determined to be
0.06 that intent less than 0.1 so Consistency is acceptable.
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CHAPTER FOUR

4. RESULT AND DISCUSSION
4.1.Results

Using questioners, information was gathered from each sub city, eight governmental and ten
nongovernmental schoolfspm a total of 18 schools. All elementary schools engage in the
plan, according to the plamsestratified random samplinfjom 260 population select 158
samples using slovins formula the accuracy level is,%endirectorandteaches each
schooltotally 125, 12 educational officers an#ll geospatial expertgistributed tdfill the
guestionnairesThe total number of distributed and collected questioners is displayed in the

table below.

Table13: Questioners sample size: distributed and collected questioner

No Stake holders Distributed Collected Percent
1 Educationabfficers 12 12 100

2 Geospatial experts 21 20 95.24
3 Director or teacher 125 120 96.80
4 Total 158 153 96.84

I. Result fromrespondents

How do you evaluate Generally Suitability of Debre Birhan school locations?
Table14: Result from responden8uitability of Debre Birhan Schosl

How do you evaluate Generally Suitability of Debre Birhan school locations?

Cumulative
Frequency Percent Valid Percent Percent
Valid  Unsuitable 48 31.6 31.6 31.6
suitable 13 8.6 8.6 40.1
more suitable 91 59.9 59.9 100.0
Total 152 100.0 100.0

Source (SPSS, output)
Table information indicat®9.9% of the total responses, or more than half, concur that the site is

more suitable. Of the totaB.6% believe they are suitabl@l.8% respondentsinsuitable with the
statementThe below table showletail rate of eactstakeholdersaboutGenerally Suitability of

Debre Birhan school locations
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Table15: Result from responden@Generally Suitability locations

How do you evaluate Generally Suitability of Debre Birhan school locations? * Stake holders

Crosstabulation

Stake holders

Educational | Geospatial | Director and

officers experts teachers Total

How do you evaluate Unsuitable  Count 2 5 41 48
Generally Suitability % within How do you
of Debre Birhan evaluate Generally
school locations? Suitability of Debre 4.2% 10.4% 85.4% | 100.0%
Birhan school

locations?

% within Stake
16.7% 25.0% 34.2%| 31.6%
holders

suitable Count 1 2 10 13
% within How do you
evaluate Generally
Suitability of Debre 7.7% 15.4% 76.9% | 100.0%
Birhan school

locations?

O it
Y within Stake 8.3% 10.0% 8.3% 8.6%
holders

more Count 9 13 69 91

suitable % within How do you
evaluate Generally
Suitability of Debre 9.9% 14.3% 75.8% | 100.0%
Birhan school

locations?

% within Stake
75.0% 65.0% 57.5% | 59.9%
holders

Total Count 12 20 120 152

% within How do you
evaluate Generally

Suitability of Debre 7.9% 13.2% 78.9% | 100.0%
Birhan school

locations?

% within Stake
100.0% 100.0% 100.0% | 100.0%

holders

Source (SPSS, output)
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Suitability of Debre Birhan school

Stake holders

B Educational officers
M Geospatial experts
M Director and teachers

Count

Unsuitable suitable more suitable

How do you evaluate Generally Suitability of Debre
Birhan school locations?

Figure10: Result from respondenguitability of DB School

The figure information is 26.97%, 3.29%, 1.32% director and teachers, geospatial experts
and educational officers respectively is say unsuitable. 6diBStor and teacher$.326
geospatial expertand0.66% educational officers say suitable and als83¥director and
teachers8.55%,5.92% geospatial experts and educational officers respectively issay
suitable

II.  Resultfrom respondents

Sites of school locations in DebrdrBan are selected by developing crit@ria
Table16: Result from respondents

Sites of school locations in Debre birhan are selected by developing criteria?

Cumulative
Frequency Percent Valid Percent Percent
Valid  strongly disagree 87 57.2 57.2 57.2
disagree 26 171 171 74.3
agree 39 25.7 25.7 100.0
Total 152 100.0 100.0

Source (SPSS, output)
Table information shows the majority of 5%2of respondenstrongly disagree with the

equationswhile 17.1% disagree and5.®%6 agree.
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Respondent answers

100

80

60

Frequency

40

20

strongly disagree

disagree

Sites of school locations in Debre birhan are selected by

developing criteria?

Figurell: Result from respondents DB schools are selectatklbgloping criteria

lll.  Result from respondents

Unsuitable school location can have negative impact on quality of eduzation

Table17: Resultschool location can have negative impaceducation

Unsuitable school location can have negative impact on quality of education?

Cumulative
Frequency Percent Valid Percent Percent
Valid agree 2 1.3 1.3 1.3
Strongly agree 150 98.7 98.7 100.0
Total 152 100.0 100.0

Source (SPSS, output)

The respondent of 98.7% present strongly agree and 1.3% are agree the result indicate the

school location is mandatory for education.
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Unsuitable school location can have negative impact on quality of education?

Figure12 Resultschool location can have negative impactducation

M agree
M Strongly agree

The other maimequest iglo you want to evaluate your school site suitabihigy all schools

director and teachers are permit to evaluate the school suitability.

For all education officer schools directors and geospatial expert information was gathered

about importnacy of the factor and criteria thiesultis show more experts says most

important.

Experts rate for factors and constraints according to their importance

1= not important

For the GIS analysis, the elements and limitations indicated below must be categorized and

made manageable.

2 Moderately Important

Table18: Experts rate factors according to their importance

3=Important

4 ¥ery Important

No Factors Level
states Scour

1 Proximity to residence Very Important 147
2 Proximity to road Very Important 143
3 Far from commercial area  Very Important 150
4 Far fromwaste disposal Very Important 151
5 Far from factory Very Important 152
6 Far from river Very Important 143
7 Far from Main road Very Important 149
8 Gas station Important 141
9 high voltage most important 145
10 Proximity Health center Important 143
11 slope Important 145
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These results indicate how important each of the above critetiaigding Proximity to

existing schootwelve of the most crucial criteria will be used in this study.

Schools distance determinants

The experts were asked to respond to this query so that they might provide several guides to
support the analysis. 68% concur that elementary schools are bétdrte locations that

are 400500 meters from homes. 77% Experts agree that primary schoois3are away

from industry and 70%experts rats more than 3 kaway from trash disposal.

Table19: Proposed distance of constraifrtsm a school

No Factors states %
1 Proximity to residence 400500 m 68
2 Proximity to road 100200 m 79
3 Far from commercial area 300400 m 86
4 Far fromwaste disposal >3km 70
5 Far fromindustry >3km 77
6 Far from river 200-300 m 65
7 Farfrom Main road 300400 m 69
8 Gas station 200-300 m 56
9 high voltage 400500 m 58
10 Proximity Health center 1kmi 4km 63

When comparing the results from several guides and literature reviews, they appear to be
fairly similar, however the distandetween some criteria is slightly overstatédr example
distance of health center according to questioners information the health center not close to
elementary schools but the some way not highly far from schools to conform this two logic
the stakeholds say 8500m and >4000 not suitable and 10004000m is more suitahle

Rating three main categories

Three key criteria are rated by professionals, school administrators, and instructors.
Teachers, directors, and education specialists were asked todésphois question. Safety,
accessibility, and the environment are the categories. The outcome displays the opinions of
the school's director and instructors for the three major areas. They rank safety first, then

accessibility, then the environment.
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The experts in education's opinions on how to rank the three main groups of factors come
next. They receive the same rating freohools directorand instructorsThey put safety

first, accessibility second, environmental third.

The third is an assessmafitthe three main groups of factors by geospatial professionals.
They are rated equally by educational expagachers and school administrators. They

prioritize safety, then accessibility, then the environment.

Table20: Rate three main categories?

Please rate three main categories? * Stake holders Crosstabulation

Stake holders
Educational | Geospatial | Director and
officers experts teachers Total
Please rate three 1, Environmental Count 1 3 8 12
main categories? 2, Safety %% within Stake
. 8.3% 15.0% 6.7%| 7.9%
3, Accessibility holders
% of Total 0.7% 2.0% 5.3%| 7.9%
1,Safety Count 0 1 11 12
2,Environmental o4 \within Stake
. 0.0% 5.0% 9.2%| 7.9%
3,Accessibility holders
% of Total 0.0% 0.7% 7.2%| 7.9%
1,Accessibility Count 2 2 33 37
2,safety % within Stake
. 16.7% 10.0% 27.5% | 24.3%
3,Environmental  pglders
% of Total 1.3% 1.3% 21.7% | 24.3%
1,Safety Count 9 14 68 91
2,ACC€SSibi|ity % within Stake
3,Environmental  oiders 75.0% 70.0% 56.7% | 59.9%
% of Total 5.9% 9.2% 44.7% | 59.9%
Total Count 12 20 120 152
% within Stake 100.0
100.0% 100.0% 100.0%
holders %
% of Total 100.0
7.9% 13.2% 78.9% o
0

Source (SPSS, output)

Based on the above table information 8.3% of Educational officers give first fiav
environmental 16.7% forcaessibility and 75% for Safety, Geospatial experts ratefitS¢6

level forenvironmental10% for accessibility and 75% geospatial experts give first level for
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safety and Director and teachers also 6.7% giverteironmentafirst level, 65.8% is given
to safety27.5% is give first level to accessibilityotally 67.8Stake holders give first level

elementaryschools factorsor is safety

Three main categories

80
70
60
50
40
30
20
10
0 .
directors, Teachers education officers geosp_atlal
professionals

m Safety First 65.8 75 75

Accessibility First 27.5 16.7 10

Environmental First 6.7 8.3 15

m Safety First m Accessibility First m Environmental First
Figure1l3: The level ofevaluatedby Stake holders

Finally all rater agree with more first level is safety that miens safety is more influenced
category from others and second influenced is accessibility the rating information indicate
accessibility category is medium weighted from others and also the low kevel i
environmental category.

The total result shows in collected from stake holders fills output sumoiatysample is
N=158from totalsamples152 samples is valid and 6 is missihg datapercent indicate
96.2% and 3.8%espectively

Table21: Stake holderprocessing Summary

Cases
Valid Missing Total
N Percent N Percent N Percent
Result from respondents 152 96.2% 6 3.8% 158 100.0%

Source (SPSS, output)
The table indicate from total samplestributedquestioners 158 and collected or valid is
152 in percent 96.2% and missing iguestionethat is 3.8%.
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4.2.Final selecte

d criteria

The identification of appropriate criteria using references from various works of literature

and the Ethiopiaenvironment was one of the goals of this study.

To get the followingSui t abi | i combinad fromCataria'safiraliterature and
stakehol der 6 s s ur v e yintdgdaten. Ingaaspatialpoalysisg t o b e
Table22 FinalSui t abi l ity criteriads for primary
Factors suitability rating
Unit 1 2 3 4
e S Not more

suitable Less suitable Suitable Suitable

Proximity to m | >z2000 | 1°00-2000 1 565 1500 | 0-500m

residence m

High voltage line m 0-150 m | 15071 300 m | 3007 450 m | >450m

Gas station m 07 100 m | 100-200m | 2007 300 m | >300 m
Industry area m 0-500 m | 500-1000 m | 1000-1500 m| >1500 m
Road access m >450m 300 m-450 m| 1507 300 m | 0-150 m

. 800 m-1000 | 1000 m-

Health center m 07 500 m | 500 m-800 m m & >4000 m| 4000 m
Main road m 0-150 m 150-300 m | 30071 450 m | >450m
Existing schools m - - 0-1000 m >1000 m

Commercialarea | m 0-300 m 300- 500 m 500-700 m >700 m
Proximity to river m 0-50 m 50- 150 m 150-250m | >250m

. . 20001 3000
Waste Disposal m | 07 1000 m| 10002000 m m >3000m
Slope Deeé:;r >20 107 20 5-10 0-5

These resultevaluatedea ¢ h

othah eratedEsiclidian distance analysis according to the

factors criteriaand categorized in to three safety, accessibilityeandronmentagroupsfor

usedgeospatial technologgnalysisafter crate Euclidian distance analysis resiageweight

calculatecby AHP and give the weight eacha t e dogtheypairsrise comparison method

to produce finale suitability ma@o proposed ne suitable site for elementary schools

additionally incorporate the Debre birhan structural plan land use for select more reliable

and implemented schools site.
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4.2.1 Evaluate defined criteria
Hierarchical structures served as the foundation for the Instadesture used to determine

potential locations for schools. Hierarchical structures divide each criterion into more
manageable categories. The most broad goal is found at the highest levels, and it can be

further defined at lower levels.

4.2.2. Create criteria feature with integration of Geospatial technology
One of objective this theses is show haw integrated geo spatial software are integrated

Factorsof suitability is not have the data 8P,feature line, base map, and also ortho photo

this featurecollected by surveyingOne of factor for suitability elementary school are gas
station so prepared the map for analysis must be selected from geo database but one of gas
station located in Tebasa sub city that feature shape is note have in line éeafueho

photoso collect the data at filed by using South GNSS instruriar, systenthe RTK job
reference system &dindanUTM Zone 37before collect topography data first believed that
reference bench mark (BMire not have error. The collected geatien topography data
downloads from south controller in format of CSV for integrated GNSS data in to ArcMap
10.8.2.

Table23: Point coordinate data

Point ID X (Easting) Y (Northing)
1 554876.837 1064019.827
2 554924.18 1064034.076
3 554933.745 1063974.296
4 554886.401 1063960.049
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Figurel5 :Digitayezed by polygon
The figure shows the point is label in ArcMap display window wéiger assayed easting
and northing field finally using feature class of gas station digitayezed by polygon the gas

station area is looks in light gray.
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4.3. Data processing

Each layer is processed in accordance with the appropriateness criteria in AycB8ting

a model using ModelBuilder after computing the weight using AHP iryaige comparison.

A map is then generated for each layer. ArcGIS receives all of the suitability criteria as

layers.
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Figurel6: Criteria Map

The ma contains all health center, gas station, high voltage line, waste disposal, river,
commercial, access road and main road from the town structure plan laac wsstains

this all features are factures of elementary schools the map coordinate syashinmdan

UTM zone 37N
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Distance from industrial area
A school should be located far from industrial area. Noise, air prolusion, heavy vehicular
traffic, ground water and surface water contamination, accidental release of hazardous

chemicals are theome of the safety risks to the school (EPA, 2011).

Industry area
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Figure17: IndustrySuitability Map ofDebre Birhan

Distance from main roads

Busy road is a constraint for suitable school location. Because heavy tracks as well as small
carscould make unwanted noise, air prolusion, and students could be vulnerable to car
accident (EPA, 2011). A more suitable and suitable school should be located >450 m and
300-450m far from main road respectively160m and 156300 m are classified undeot

suitable and less suitable respectively.
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Main road
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Figure18: Main roadSuitability Map ofDebre Birhan

Distance from gas stations

A school should be located as much as far from the gas station. The risks are: air prolusion,
soil andwater contamination, heavy traffic noise, explosion and others (EPA, . 284 )

the school suitability criteria table mentioned more suitable and suitable school should be

far from the identified gas station greater than 300m and B0®m respectively

Gas station
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Figure19: Gas statiorSuitability Map ofDebre Birhan
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Distance from high voltage line

Risks from high voltage transmission lines exist for kids, faculty, and other school personnel.
The risks include exposure to electromagndields and abrupt power line failures.
Therefore as in different guides mentioned school should be far > 450 m ar¢580®

from high tension power line to be most suitable and suitable respectively.
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Figure20: High voltageSuitability Map ofDebre Birhan

Proximity to residence

The location of elementary schools in relation to residences is an important consideration
for parents who want to ensure the safety and accessibility of their children's education. Most
parents prefer an elementary school that is close to home, asdeseithe time and costs
associated with commuting. Additionally, schools that are closer to home make it easier for

parents to be involved in school activities and events.
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Figure21: Proximity to residace Suitability Map ofDebre Birhan
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Proximity to road

Evaluate site access options. Access to the school site from minor arterials and collectors is
more compatible than access from high speed or high volume road corridors or a low volume
neighborhood residential street. Considaffic speed and volume at the point of driveway
access(State of Alaska, Site Selection Criteria and Evaluation Handbook, 2021)

Road access
548000 552000 556000 560000 564000
1 1 1 1 1
1 rant
e e
N
W@;E
: .
g + |§
g g Legend
[ not suitable
B Less suitavle
B suitabe
- + B ,
-] - - more Suitable
g g Coordinate System:
2 i "2 Adindan UTM Zone 37N
e ~ Projection: Transverse Mercator
Datum: Adindan
False Easting: 500,000.0000
False Northing: 0.0000
Central Meridian: 39.0000
Scale Factor: 0.9996
%- 2 Y 4 ES o -g Latitude Of Origin: 0.0000
= T T T T T 2 Units: Meter
548000 552000 556000 560000 564000
1:100,000

Figure22: Road accesSuitability Map ofDebre Birhan

Proximity to Health centers

It is recommended that schools should be located within easy reach of a health center in case

of any health emergencies or for regular checkusalth centers also not close to
elementary schools and not also far fearless from schoolsdodésthat health center may

be close the studentsé opened to accident f
the students not arrived on time in emergendrethis thesis from Q00m4000m are more

suitable and00 m-1000 m & >4000 naresuitable.
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Proximity to Health centers
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Figure23: Health centerSuitability Map ofDebre Birhan

Slope suitability map
A good school site is on a fairly level piece of land so that kids may play comfortably, have easy

access to schools, and the expensmabtruction is minimized.

Slope map
548000 552000 556000 560000 564000
2 + + + + + g N

2 + B ®
Legend
i -l

Not suitable

I
I: Less suitable
(I

Suitable

- more Suitable

_|..
T
1066000

Coordinate System:

Adindan UTM Zone 37N
Projection: Transverse Mercator
Datum: Adindan

False Easting: 500,000.0000
False Northing: 0.0000

Central Meridian: 39.0000
Scale Factor: 0.9996

+ _% Latitude Of Origin: 0.0000
€ Units: Meter

+
T
1063000

1:100,000

Figure24: SlopeSuitability Map ofDebre Birhan
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Distance fromWaste Disposal

Waste disposal in elementary schools can have a significant impact on both the environment
and the health of students and staff. The distance of waste disposal sites from elementary
schools is a key factor to consider when it comes to minimizing the fiskpmsure to
harmful pollutants and toxins. In general, it is recommended that waste disposal sites be at

least aBkmaway from schools to ensure the health and safety of students and staff members.

Waste Disposal
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Figure25: Waste disposdbuitability Map of Debre Birhan

Distance from Commercial area

A commercial area or business area is a part of a city or town that is primarily occupied by
businesses, such as offices, shops, restaurants, and service providers. It is typically
characterizedyhigh levels of commercial activity, infrastructure and facilities that provide

to the needs of businesses and their customers, and a compact concentration of commercial

buildings.
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Figure26: Commercial are&uitability Map ofDebre Birhan

Distance from river

An elementary school that is located far from a river woddsafe location for students.
Some advantages of having aeol situated away from a river isducedisk of flooding
and improved air gglity. According thamage output &0m is not suitable 5050m is less

suitable 15250m suitable and also >250m is more suitable results.

Figure27: Proximity to riverSuitability Map ofDebre Birhan
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