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Abstract

Urban land-use planning, which is a useful tooltfar sustainable development of a city, is a
complex decision making process. However, the mod&iS technologies facilitate such
complex jobs in two ways — (i) GIS allows to workthwlarge numbr of datasets, (i) a
number of methods, techniques or models could beeded in GIS for land-use suitability
analysis. Analytical Hierarchy Process (AHP), whisha kind of Multi-Criteria Decision
Making (MCDM) technique, could be used for urbandaise planning with support of GIS
technology. The aim of this thesis is preparingaarkand-use planning using GIS and AHP,

where the case study is Dhaka city.

Dhaka, which is one of the fastest growing mege<in the world and is the capital city of

Bangladesh, is facing acute pressure of incregsommlation and unplanned urbanization,
despite, a number of planning interventions havenktiaken for the planned development of
the city. Recent Detail Area Planning (DAP) fordkh city was a cumbersome job but
brought little benefits. DAP primarily prepared andl-use plan at city scale using GIS
technology. Although huge resources and times weeal to build the GIS database, it had
promlems on (i) specifying data requirements, @nsuring quality database (having

topological rules, elimination of sliver polygong @ and (iii) using the database for spatial
analysis in view to make better planning decisibmthis connection, this thesis tried to

conceptualize a model to build geographical dawbassurban land-use planning to address
first two problems and applied GIS-based AHP teghaifor more sophisticated analysis
(problem-iii).

After literature review and selection of the stualga (Group-E of DAP), the study set a
number of criteria through sharing experts’ opirsioBased on those criteria the collected
GIS data was transformed into the Geodatabase ewthergeodatabase was conceptualized
using Unified Modelling Language (UML). Five expgropinions were shared and further
literature reviews were done for calculating Eig€alues using AHP methodological
operations. The Eigen Values show the degree ofifyriof the criteria. Using Eigen Values,
raster criterion maps were prepared from data aviailin the geodatabase. These criterion
maps were overlaid to develop a composite map wikwels later classified to prepare

suitability map.

The research result shows that highly suitable @r8%) should be used for urban residential

zone; moderately suitable area (35%) should begdatd as mixed use zone; low suitable



area (42%) should be reserved for agricultural arse¢ open spaces; and not suitable area
(10%) should be protected from any types of adtisitexcept agriculture. The research
approached an urban land-use planning at a regemadé. The research results were also
validated with Detail Area Plan of Dhaka MetropatitDevelopment Plan package in some
order. Such validation concludes that Geographicdrmation System based Analytical
Hierarchy Process can be applied successfully fepgring urban land-use planning at the

regional level.
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Chapter 1: Introduction

1.1 INTRODUCTION

Urban land-use planning is a useful tool for thetamable development of a city (Van Lier

1998). Land-use planning tries to formulate aa#gitto be proposed, administer potential
changes and protect incompatible changes. Suchn&lrative and management strategies
through land-use planning guide to ensure sustdityatf a city. So, land-use planning is an

essential component of urban planning.

Although it's a complex decision making processptepare a perfect land-use planning,
however, the invention of modern GIS technologias éased such complex jobs in two ways
— (i) GIS allows to work with large number of datss (ii) a number of methods, techniques
or models could be embeded with GIS for land-ustlsility analysis. A wide number of
social, economic, physical and environmental indiccaare considered for better urban land-
use planning. Gepgraphical data in a GIS envirorirsapports to use those indicators in
more sophisticated way in the decision making pgec# urban land-use planning. However,
for dealing with the datasets in a GIS environmangeographical database management
system is required, especially, when the datasetsrabust and complex. To build such
geographical database, at first, it is essentigdrépare a conceptual model so that the data
requirements and their interrelations are well mdi and database can be used to store,
modify and query the data with security. Then, enbar of Multi-Criteria Decision Making
(MCDM) models or techniques embeded with GIS cdoddused for land-use suitability
analysis, where the importance of each indicatériamd-use planning are determined in
more sophisticated way through subjective and geative judgments. From a literature
survey it was found that Analytical Hierarchy Prs&g§AHP), which is a kind of MCDM
technique, could be used for urban land-use plgnwith support of GIS technology. Thus,
the aim of this thesis is preparing urban landisening using GIS and AHP, where the

case study is Dhaka city.

1.2 Background

Dhaka, the capital city of Bangladesh, is one ef fdstest growing megacities in the world.
Its current population is around 15 million, whialould be around 20 million in 2020 as
projected by World Bank (2007) that would make Ddndéke world's third largest city. But,
the city is expanding in an unplanned way (Iskaimal. 2009). Although a number of plans



and control mechanisms have been prepared sinc®, 1@, the city never experienced
planned development rather rapid haphazard expamgim the city centers to its outskirts.
To control the unplanned spatial development, iheland development and management
authority, Rajdhani Unnyon Kartipakkha (RAJUK), foerly named as Capital Improvement
Trust, adopted Dhaka Metropolitan Development RRNMDP) in early nineties of the last
century. It was a paradigm shift in the historyudban planning in Bangladesh. It avoided the
traditional master plan concept which was quitérig nature for planning process and plan
implementation (Nallathiga 2009). Besides, it whs first time when Bangladesh tried to
prepare a GIS-based urban plan through DMDP. Thelodement plan was in three tiers —
Structure Plan, Urban Area Plan and Detail Arean RRAP). The first two tiers were
completed during 1992-1995. It was supposed tot stex work of DAP preparation
immediate after the completion of first two tierstbe DMDP plan package. But due to
budgetary constraints and bureaucratic complexities actual works of DAP preparation
were commenced in 2004. The allotted time for thePDpreparation was 2 years, but, the
draft final report of the DAP was completed in 2088d after going through the review
processes it's official gazette was published ia@QGOB 2010). That is, the DAP got its
legitimate identity after 15 years of the structpian. However, the DAP has not become
operational in reality where RAJUK claim that tHegve limited staffs to supervise the plan.
Moreover, the plan period of DMDP will be finished2015, where it was the commitment
to finish the DAP within 2000. So, the entire DMPBckage seems useless although huge
resources were used in vision of this plan. The D#Mnarily prepared land-use plan
according to the structure plan guidelines. Hel& Bchnology was used and entire 590 sq.
km of DMDP area were surveyed (physical, topogregdhand socio-economic survey) to
build the database. To do these tedious jobs hegeurces and time were used. So, this
research tried to look an alternative way so thahsesource and time taking jobs could be

minimized for such urban land-use planning.

Around 50 datasets on different topographical, @aysland-uses, administrative and other
features were prepared to build the GIS databaserdiag to the Term of Reference (ToR)

of the DAP project. The problems in this GIS dat&baere in three folds — i) Actual datasets
required for a comprehensive plan, the types dod,dhkir relationship classes etc. were not

well defined_before preparing the databa&e a result, during data acquisition, database

preparation and at the moment of plan preparatimplss data, data shortage or data

redundancy prevailed. ii) During preparing databassther any format of geographical




database management system nor any topology rdes fellowed. So, data is not clean.
Overlapping, sliver polygons and associated problexist significantly. iii)_During taking

planning decisiongjatabases were usually used for getting map stgppoly. GIS is unique

and very useful tool to make spatial analysis amdieting using its spatial and non-spatial
data for making better decision. However, in DARsimplication was not followed. So, a
real benefit of using GIS was neglected. In thisraxtion, this study tried to conceptualize a
model to build geographical database for urban-laselplanning to address problem (i) and
problem (ii); and tried to apply a GIS-based AHRhteque to make more sophisticated
analysis for urban land-use planning so that am€m@i& can be shown to address problem
(iii).
1.3 Objectives
Considering the above problem statements, the &ithi® research is preparing an urban
land-use plan for Dhaka city using GIS and AHP. ftdill this aim following set of
objectives were satisfied -

1. Requirement analysis for fixing datasets and fdecimg criteria affecting urban

land-use planning.
2. Designing and construction of a geographical damaba
3. Prioritizing the criteria using AHP

4. MCDM analysis for land-use planning.

1.4 Methodology

A stepwise methodology was followed in this reskafte workflow of the research can be
shown by figure -1. During the preliminary studeesumber of literatures were reviewed and
the study area was selected. Based on preliminadyes and considering experts’ opinions,
the requirement analysis was done for setting detmirements and for getting criteria
affecting the land-use planning. Then, the modejexddatabase was designed using Unified
Modelling Language (UML). During designing the mbd&e criteria of land-use planning
were considered. Then data was collected and wpertexi into geodatabase under the
designed structure of UML modeling. Five expert@inoons were shared and further
literature reviews were done for calculating Eig€alues using AHP methodological
operations. The Eigen Values show the degree ofifyriof the criteria. Using Eigen Values
raster criterion maps were prepared from data abiailin geodatabase. These criterion maps

were overlaid to develop a composite map whichr latas classified to prepare suitability



map. Finally, using the suitability map land-usarpivas suggested. A detail discussion on

how the methodological works have been done wifidomd in chapter-5.

Preliminarv Stud <—literature Reviev —
\l/ \Study Area Selectio
Requirement Analysi <—— Sharing expert opinio

v

v

Geodatabase modeling using Ul

\ 4
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Land-use Planning
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Preparing Composite M

A
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S Land-use Planning
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Figure 1: Flowchart of iethodology
1.5 Thesis Structure

The thesis is organized in six chapters and twceagiges. Chapter 1 is the introductory

chapter, which shows the background, objectivesautline of methodologies of the thesis.

Then, the chapter 2 briefs the justification ofeséihg study area, data sources and the
demographic, administrative, geographic and otékated profiles of the study area. Chapter
3 and chapter 4 discuss the findings from theditee reviews. Chapter 3 highlights the

theoretical discussions on database, geographatabdse and their conceptual modelling in
Unified Modelling Language (UML). Chapter 4 clagi$i the importance of the use of GIS-

based MCDM techniques for land-use planning. Inséu@e chapter it is also explained why

Analytical Hierarchy Model, which is a kind of MCDRchnique, was used for this study.

The major methodological operations for the stuaiijch are preparing geodatabase and
application of GIS-based AHP for evaluating lané-gsitability, are discussed in chapter 5.

Based on those land suitability indexes, the cliaptanalyzes the existences of different
land-use criteria on different suitability indexesakes land-use proposal on the basis of
those results and analytical discussions and jinalbmpares the proposals with existing

DAP. Then, the thesis makes the conclusion at tideoé the same chapter. Besides, experts’
given scores for different factors and criteria ah@wn in appendix 1 and their combined

factors and criteria weights are mentioned in agpe?.
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Chapter 2: Study Area

This chapter covers some basic information aboeitstidy area. The information has been
collected mainly from the survey data and reporDetail Area Plan (DAP) prepared for
Dhaka Metropolitan Development Plan (DMDP) area JRK 2010).

2.1 Selection of the Study Area

There was no single database for DMDP area. Thé&®PMrea was divided into 5 groups
(Group A, B, C, D and E) during preparing DAP. Eacbup has separate database. It would
be a huge job to combine the five databases intoamd to conduct study for whole DMDP
area. So, the area of group E was selected fosttlty as the area has huge potentiality for

future urban growth.

2.2 Data Collection

Different secondary data were collected for thiglgt The datasets and their sources are as

the following Table -1 —

Table 1: Sources of data

Datasets Source

Land-use RAJUK

Structure RAJUK

Sport height/contour/DEM Water Development Board

Road networks RAJUK, LGED

Gas supply Titas Gas Transmission and Distribufompany Ltd.
Electric supply RAJUK

Community facilities RAJUK

2.3 Location

The study area is located in the north-westerngfddMDP area (Figure-2). The planning
authority of DMDP area, RAJUK, has 26 StrategiRlag Zones (SPZ). For preparing
Detail Area Plan (DAP), the RAJUK'’s jurisdictionearwas divided into five separate groups

and a number of locations. The study area falleiwithe Group-E.
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Figure 2: Studyareap

The study area covers around 75,789 acres. Ac@tdirBangladesh Bureau of Statistics
(BBS), in 1991, the population of the study ares wWd 6,682, which rose to about 6,42,320
in 2001. During preparing the Detail Area Plan, pihejected population of the area for 2015

was estimated as 11,77,272 that would be almosti@dféase over that of 2010.

2.5 Administrative

The study area consists of entire Savar Upazilb-8strict) of Dhaka district and part of

Gazipur district. It has one municipality, nameBgvar Pourashava and has 14 unions (local

rural government unit). Following Table-2 shows #uninistrative units of the study area —

Table 2: Administrative units of the study area

Administrative unit

Name

District

Dhaka, Gazipur (partially)

Upazila (sub-district)

Savar, Gazipur (partly)

Pourashava (municipality

Savar

Union (local

rural

Simulia (Part), Tetuljhora, Year,

Pathalia,

Kaundia

L




government unit)

Dhamsona, Bhakurta, Banagram, ukeh Biralia, Saval

Cantonment, Basan (Part), Kayaltia (Part), andrdpar (Part)

Police Station

Savar

Source: BBS 2001 and DAP.

There are some special or restricted areas witihén study area, like as Jahangirnagar

University, Savar Cantonment. These areas aredgégvéheir own governing ordinances.

2.6 Land-use

A more detail land-use classification can be founodm DAP’s database (Table-3).

According to DAP information, most dominant landeus agriculture, which comprises

around 40.7% of total area followed by vacant 1§2@.8%), residential (20.2%) and water

bodies (7.6%).

Table 3: Detail land-use classes of the study area

Land-use Type Proportion of the Area
Agriculture 40.727%
Circulation Network 1.617%
Commercial Activity 0.217%
Community Service 0.003%
Education & Research 1.444%
Forest Area 2.601%
Governmental Services 0.078%
Homestead 0.848%
Manufacturing and Processing Activity 2.499%
Mixed Use 0.092%
Open Space 0.233%
Recreational Facilities 0.006%
Residential 20.239%
Restricted Area 0.886%
Service Activity 0.058%
Transport & Communication 0.071%
Vacant Land 20.787%
Water Body 7.594%
Total 100.00%




The land-use data was processed from each par¢ah@funder cadastral plots. Such huge
detail data could not be used for this thesis wBdcause it was not possible to convert that
detail data in raster format from shape file forn¢sides, this study purposes to make a
land-use plan at regional level, but not at dd&iél. So, in this study the land-use classes
were divided into four classes (gross land-usestlassed on existing dominant use and
importance of proposed development (Figure-2). [Eine-use classes applied in this study

and their proportions have been shown in Table — 4.

Table 4: Gross land-use classes of the study area

Land-use Area (sg. m) Proportion of the Area
Agriculture 34531.09 46%

Homestead 600.15 1%

Residential 14970.82 20%

Vacant Land | 25730.05 34%

Total 75832.12 100%

2.7 Physical and Geological Characteristics

The soil characteristics of the study area are Ipaatiuvial soil originated from the
Pleistocene period. The southern part of the saréa is composed of alluvial soil of the
Bangshi and Dhalashwari rivers. Main rivers aredan Turag, Buriganga and Karnatali. A
substantial part of the study area is geograplyieafiart of the Pleistocene Terrace, popularly
known as Madhupur Tract. Such lands are charaetéby high, undulated land surface with
red soil, crisscrossed by flood plains and stredreept the southern part, almost entire land

of the planning area falls in this category.

The elevation of the area ranges from 2m to 13msthdb the places the slopes are gentle

except some patches of high land. These high laredfree from flood.

Some big tectonic faults exist in Bangladesh. Dhaikaand its surrounding areas are also
located within a seismic zone, so, the risk oflegrake exists in Dhaka metropolitan area as
well as in the study area. Some geologists in Bategh claim that the rivers within and

around the city are fault lines.

2.8 Utilitiesand Infrastructure

There was no systematic and planned developmethieistudy area. The road networks of

the area were not built following proper plannitgnslard. The study area is served by about
8



3190 km of road in which 42 km of national highwag, km of regional highway and 3135
km of local and other roads. There is no municypater supply system in the area. Most of
the cases people use tube-well. All over the saréga has electricity connection. Gas supply
is only provided to the urban areas and to thesatt@@ugh the major highway but the rural

areas.

2.9 Community Facilities

In Group-E area there are one public, one privaiigeusity, two private medical colleges

along with a number of schools and madrasha (oelgyschools). There are 33 daily kitchen
markets, 10 hats and 4 wholesale markets withinplening area. The bus stops exist
mainly through the major highways. Bus stops a@lable after 2-5 km distances. Around
40 healthcare centers could be identified from@D#Ad® survey data. According to the DAP

report, most of the community facilities are beldke standard. There are few or no

recreational parks or open spaces in the study area



Chapter -3: Conceptualizing
Geodatabase

This chapter presents relevant concepts on Geaatiesign. As Geodatabase is itself a
database, so, the topic starts from defining datbad database management system before
defining geodatabase. Then, it highlights a magguirement for any database building, that
is, the conceptual modeling of database. Lategexjlores the usefulness of UML for
designing database. Then, the use of UML in theg@gahical database framework is

discussed.

3.1 Database and DBM S
A database is collection of data organized in acttired way, so that; information can be
retrieved quickly and reliably (Closat al 2010; Yeung and Hall 2007). The invention of
Information Technology has led the database todeel in a management system, which is
called Database Management System (DBMS). DBMSsstaof programs, in other words
software systems that enables following actionsstperformed in a database —
» Stores and extracts information from a database
» Modification of database by adding, editing, delgtand sorting of data
» Supports queries and produces reports based om goesies
» Provides facilities to maintain integrity, qualifyerformance and concurrency within
database
» Ensuring security of database that controls datzssibility and allows protection
and recovery from hardware failures.
There are several models of DBMS. Among them Rmiati Database Management System
(RDBMS) is most widely used. RDBMS stores datahia torm of related table, which is

much efficient for the users to query data in mdiffierent ways.

3.2 Geodatabase

Modern GIS uses Spatial Database to integrateg¢bhengtry or features data with other types
of data (Yeung and Hall 2007). Spatial databas#itides storing and querying data that is

related to objects in space, including points,diaed polygons. Other typical databases can
understand various numeric and character types atd, dvhile, spatial databases need

additional supports to process spatial data infah@ of geometry or feature. Spatial data,
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which is also calledeographical referenced data geospatial datafocuses cartographic or
mapping perspectives. Some common features offagbespatial database system are storing
and managing capacity of both spatial and non-abpdtta; maintaining spatial references;
allowing all possible geometrical representatidik®, point, curve, surfaces etc.; ensuring
topology for managing spatial relationships amoegrgetric objects and maintaining data
security, integrity and allowing spatial data qudry this sense, ESRI Geodatabase can be

viewed as a good example of a spatial databasensyst

3.3 Conceptual modeling of database

Real world is much complex. So, we use model asdeghas a simplification of reality”
(Booch, Rumbaugh and Jacobson 2005). The modehesizes important aspects of a
purposeful activity to be modeled and eliminateg timnecessary things (Rumbaugh,
Jacobson and Booch 1999). Model is expressed ircanyenient form, for example, model

of a building can be presented by drawing on a pap8-D figures made of cardboard.

Database modeling in the software system has simdasideration — abstraction of the
essential elements of the observed reality fromessential elements (Lisbao Filho and
lochpe 2008). A conceptual database modeling desspossible data content, structures and
constraints applicable to them. Like other modéts, express the database modeling
descriptions in a convenient way, conceptual datdeting language is used. A conceptual
data modeling language is use of formal expresgioogtional and semantics) of tools and

techniques used for data modeling.

Use of a conceptual data modeling language is rwgirepare the data schema at the
conceptual phase (Lisbao Filho and lochpe 2008. Sdhema is the collection of linguistic
and graphical representations that describe thea staticture of a database and database
processing operations (Yeung and Hall 2007). A dbtmodeling languages have been
evolved (Booch, Rumbaugh and Jacobson 2005). Birifemodeling techniques used for
database management systems can be classified folbwing categories (Yeung and Hall
2007) —

» Hierarchical Systems

* Network Systems

* Relational Systems

* Object-oriented Systems
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The hierarchical systems and network systems areaut-of-date. Those systems are much
rigid to implement the database. Relational dawb@scame much popular for its greater
flexibility. The basic foundation of a relationabtdbase management system is ‘tables’,
where each table contains a unique name that glissines it from other tables. One or more
column of a table serves as the key (primary anseoondary key) of a table, which relates
one record with another. Traditional databases wetg limited to text-based applications.
Growing demand of information other than text déke, graphics, video, sounds, maps and
elements of other multimedia environment led theettgopment of object-oriented database
systems. The systems mainly evolved from objeared programming languages (Yeung
and Hall 2007).

Contemporary views of modeling processes in thkel fiié computer science are based on
object-oriented perspective. The main building klo€ this approach is the object or class.
Classes are treated as a set of objects. The sydtdafining objects and classes consists a
large number of occurrences. The relations betwleese occurrences and their properties or
attributes can be set in this approach (Jacobsirsda and Jacobson 1994). Such approach
is easily expandable. A number of authors in |8 ® early 90s tried to formulate different
object-oriented methodologies. But the concepts @eds of those methodologies were
almost similar. So, later efforts were made to yaill the object-oriented approaches into a
common standardize language (Rumbaugh, JacobsonBaadh 1999). Such endeavor
developed Unified Modeling Language (UML), whicht gtrong tendency for to be adopted

in computer science as well as in database de@RNIG(n.d.).

3.4 What isthe UML
“UML is a graphical language for visualizing, sggiig, constructing, and documenting the
artifacts of a software-intensive system” (Rumbaulzitobson and Booch 1999). Following
are UML capabilities those are much useful for hormad machine —
e UML is used to understand, design, browse, configunaintain, and control
information which is essential to construct a syste
* UML includes semantic concepts, notation, and dunde that offer a standard way
to write a system’s blueprints.
There is no distinct demarcation between variousepts and constructs in UML, but, for
the conveniences they can be categorized into sleviews. At the top level, views can be

divided into three areas: structural classificatidgnamic behavior, and model management
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(Booch, Rumbaugh and Jacobson 2005). Structurssi@ilzation describes the things in the
system and their relationships to other things. dyic behavior describes the behavior of a
system over time, and Model management describes otiganization of the models
themselves into hierarchical units. There are malL diagrams to model a system under
the above views or similar other aspects. Some UWkfined graphical diagrams are —
* class diagram
* use case diagram
* behaviour diagrams:
o0 statechart diagram
0 activity diagram
* interaction diagrams:
0 sequence diagram
0 collaboration diagram
* implementation diagrams:
0 component diagram
0 deployment diagram
UML class diagram provides the semantic constriats conceptual modeling language of
geographic database (Lisbao Filho and lochpe 2@8)here we will only describe about the
class diagram. Discussion about class diagram wadenirom (Booch, Rumbaugh and
Jacobson 2005; Shekhar and Chawla 2003).

Class Diagram

Class diagrams are the most common diagram foundaddeling object-oriented systenfslass
diagrams describe the classes in the system, argtahc relationships between classes.
Class:

A class is represented by a rectangle. Figure-&slaotypical class in a class diagram.

Class Name

Attributes

Methods

Figure 3: Class Structure

13



A class has three rows -

» The first row is the class name. A class is repried®n of an object or variable that
can be anything like a person, place, thing, concepent, screen, or a report
applicable to the given system. So, class naméasobject name which allows
identifying the object. The class name typicall\s lthe first alphabet capitalized. If
there are two or more words in a class name, tireh dlphabet of each word is
capitalized and is joined with all the words.

* Inthe second row list of attributes of the claspriesented. The syntax is:

- Attribute: Type = ‘default value’
* Alist of methods goes in the third row. The syntax
- MethodName(List of parameters): Return Type.
Like object-oriented concepts, access modifier lmarapplied in the class. Access modifier
determines the scope of visibility of the class @&admethods and attribute. Documentation

information, like notes and constraints, can be atdded to a class.

Relationships between classes:

A relationship is a semantic connection betweerssgds. The attributes, operations and
relationships of a class can be known with anotihess using semantic notations (symbols)
representing UML relationships. Followings are saoemon relationships used in UML:
Association:

Association is semantic connections between twomamre classes. In an association
relationship, the public attributes and operatioh®ne class are known by another class.
Associations are drawn on a class diagram withnglesiline. For example, an elementary
school exists within a residential neighborhood rimtary. Here it is an association

relationship and can be shown by the following thag—

Elementary Residential
School

Figure 4: Association betwéen classes.
Aggregation:
Aggregation is a specified association. It is aatieh between a whole and its parts.
Aggregation is applied when one class is collectbanother class. But the collected class
does not have strornige cycle dependencyn the collector class. It is also called “has a”

relationship. Figure-5 is an example of aggregatéationship.
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Car Model . Car Model
Engine

Figure 5: Aggation between two classes.

Composition:
Composition is more specified association. It cdesothat there is a stroride cycle
dependencypetween classes. Unlike aggregation, when a past belong to a whole, then

composition is used. Following diagram is an exangblcomposition.

Car Engine Car

>

Figure 6: Compositimetween two classes.
Multiplicity:
Multiplicity notations are placed near the endsanfassociation. Such symbols indicate the
number of instances of class linked to one instaotether class. For example, one
residential neighborhood has one or more elemerganyol, but each elementary school

exists within a particular residential neighborho8de Figure-7.

Elementary |1..* Residential
School
Figure 7: Muliigty of a class with other.

Following Table shows different indicators of mplicity to express different meanings.

Indicator Meaning

0..1 Zero or on

1 One only

0.* Zero or more

1.* One or more

n Only n (wheren>1
0..r Zero ton (wheren>1)
1l.r One ton (wheren>1)

Generalization:

Generalization shows an inheritance relationshipekVone class (subclass) is inherited from
other class (super class), then, the super clasmisdered as @eneralization of subclass.
Generalization allows one class to inherit allhe# attributes, operations, and relationships of
another class. In UML, the subclass is treatedhdld classand the super class is treated as
parent classAn example of generalization for a city databamss be Districts. Several types
of districts, like residential districts, businesshmercial districts, industrial districts etc.,

may be generalized by the super class District.Fsgare-8.
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District

Residential Commercial
District
Figure 8: @ealization between classes.

3.5 Conceptual Modeling of Geographic Database

Geographic Database (GeoDB) integrates spatial @adadata relationships into database
management system. Spatial Database ManagemergnSysipports to build, storage,
structure and assist basic operations for spatigh ananipulation, while, GIS provides
mechanisms for analysis and visualization of gaagradata (Shekhar and Chawla 2003).
Like any traditional database, GeoDB must includaceptual, logical and physical design
phases during its designing stage. Among diffenentleling languages used for conceptual
modeling of GeoDB, the UML-GeoFrame modeling largrigs one of the most recent uses
developed by Lisbao Filho and lochpe (1999). Thed@ling process based on the UML-
GeoFrame comprises five steps (Lisbao Filho andde@008):

» Step 1: to identify themes and subthemes for @¢addet region of the application. See
Figure-9.

» Step 2: to draw a class diagram for each thereeifépd in step 1, associating classes of
different themes, if this is the case. At this stagodeling of the data is carried out. For each
theme, the several elements of the real worldishia¢ing modeled are abstracted.

 Step 3: to model the spatial characteristic @hegeographic phenomenon. Stereotypes are
defined for different spatial representations. Sigeire-10.

* Step 4: to model spatial relationships

* Step 5: to model temporal aspects. This steptisvidely used.

Figure-11 shows a final class diagram on landidistion theme for a hypothetical system in

view to making agricultural reform.

Municipal district: Geographic Regic

Environment Land distribution
1 1 1 1
Climate Hydrography Warehouses Cropped areas
1 1 1 1 1
Relief Vegetation Soil Roads Environment Laws

Figure 9: An example of theme diagram (Lisbdbo and lochpe 2008).
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SpatialObject FieldRepresentation

El Point @ Polygon @ GridOfCells Isolines @ TIN
Line Complex @ AdjPolygons GridOfPoints |E| IrregularPoints

Figure 10: Stereotypes for spatial representafibisbao Filho and lochpe 2008).

LAHD_DISTRIBUTION THBWE I
A . /
County "ﬁ" Fam -‘é‘ <4gp-contain® @ Parcel = &4 Zdtime Family /A
n.= @ 1.7 0.1 0.1
] .
rame ; char name ; char number ;int leader ; char
n .-’I
L4Sp-Crass s n.x
xS {isp-inside>>
e .- 0.7
Road _ﬂ Construction ..'ﬂ'. @ Environment Law ‘ﬁ_ Econfctivity &
[-]
riurmiber © it twpa :int numibeer ©int s it
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Figure 11: Final class diagram for land distribnttheme (Lisbao Filho and lochpe 2008).
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Chapter 4: MCDM and GIS for Urban
Land-use Planning

4.1. L and-use Planning
Generally, land-use is determined by the humarvitie8 on land. Most clarified definition
of land-use was first pronounced by Burley (196Burley defined land-use by two
interrelated phenomena — land cover and land atitim. Land cover describes both the
natural and human altered land surface where huacdions take place. While, human
actions determine the land utilization, both pheaonenare significantly important for land-
use planning. Because, on the one hand, humamadre limited by the land cover settings
and on the other hand, human activities alterahd cover (Wang and Hofe 2007). The main
purpose of land-use planning is to designate ls®ltypes for an area where change is
expected. Land-use planning help to answer follgvguestions —

1. What should be built?

2. Where should it be built?

3. When and how should it be built?

4. What impact will it generate?
According to Wang and Hofe (2007), answering sudestjons help to produce ‘good’
community, although, they also found controversgééine a good community. However, the
implication of their questions for large city scaleregional scale may be complicated. It
would make a complex discussion to show how differeiman activities can be distributed

over the land mass of a city or region.

Human activities can be divided into three majdegaries—residential (where people live);
employment (where people work); and others (nordesdial and non-employment
activities) (Wang and Hofe 2007). Human activiteexd land have an interrelated function.
Land provides space, materials, energy etc. to maean demand for performing activities.
On the other hand, human activities are dependentthe availability of land, its

characteristics and resource availability.

From the modern era human activities are growingamifold and with great intensity. Such
activities are contributing rapid urbanization, alhihas adverse environmental impacts if the

urban development is not managed sustainably. usedplanning can play a great role for
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sustainable development (Van Lier 1998). A basigppnent for land-use planning is to
classify land based on human activities to be ppedand human activities that exist. Some
discussions on land-use classification have beedenia the next section. Before that we

need more clarifications on land-use planning.

FAO (1996) defines land-use planning as “the syat@massessment of land and water
potential, alternatives for land-use and economit social conditions in order to select and
adopt the best land-use options.” So, Land-usenpig involves decision making process so
that best alternative option can be attained. Qrgwirbanization demands expansion of
urban areas, at the same time, alteration of egiséind-uses within the urban area. To make
such changes in sustainable manner land-use ptansim useful tool to administer the
potential changes and to protect incompatible cesnBecision in land-use plan formulates
goals and objective for resource management (Uriedes Department of the Interior
Bureau of Land Management 2005). Within these gaal$ objectives, measurements for
future land management actions are adopted. Laaglaning also assists to device site-
specific implementation mechanism.
According to FAO (1996) guidelines there are 1psta land-use planning —

1) Establish goals and terms of reference

2) Organize the work

3) Analyze the problems

4) Identify opportunities for change

5) Evaluate land suitability

6) Appraise the alternatives: environmental, econanit social analysis

7) Choose the best option

8) Prepare the land-use plan

9) Implement the plan

10)Monitor and revise the plan

A crucial stage in land-use planning is the suliigbanalysis, which is central part of land-
use evaluation. The purpose of land suitabilitidentifying an area which is suitable for a
given type of land-use. For example, finding theaarwhich are suitable for residential use.
Nowadays, people are widely using the modern GiBrtelogies for land suitability analysis.
Scientists, researchers and experts are tryingeteldp tools and techniques for land-use
evaluation that fit with the social, environmentatpnomic and physical requirements and at

the same time, ensures the involvement of diffestaiteholders. Better land-use evaluation
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helps to prepare more sustainable land-use plan. féing different social, economic,
environmental, physical and stakeholders’ requir@sduring land-use evaluation is a tricky
job. It's a complex decision making process. D#fer Multi-Criteria Decision Making
(MCDM) techniqgues can be useful to ease such comgéeisions. So, from section-4.3

some brief discussion on MCDM has been highlighted.

4.2 Land-use Classification

Harland Bartholomew approached the first land-ukessification technique, where he
applied a two-level land-use classification sys{piease see Table-5) (Lovelace 1993). In
his land-use categories he considered activity daskssification, like, residential,
commercial and industrial; designated public uaes; separated vacant or undeveloped land
from others. In the second level he further clasgiSome first level land-uses in terms of
intensity of activities and types of activities.ud) Bartholomew developed the first land-use
classification system that helped to build a stathdarm for data collection and comparisons

for land-use analysis.

Table 5: Bartholomew land-use classification (Laweel 1993)

Level 1 Level 2

Residential Single-family homes
Two-family homes

Multiple dwellings (apartments)

Commercial

Industrial Light industry
Heavy industry

Public and semi-public Schools, churches, hospitastitutions, golf
courses, etc.

Public parks

Railroads

Streets

Vacant land Undeveloped or agricultural

Bartholomew classified land-use based on USA citiester, due to improvement of

technologies in surveying, data collections and eaanagement systems, more modern and
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detail land-use classification techniques evolnadhis evolutionary process the most cited

documents on land-use classification systems catsoefound from USA context.

Urban Renewal Administration of USAt al. (1965) introduced a code wise land-use
classification using different level of numeric id#glike, one-digit, two-digit, three-digit and
so on to represent a particular land class. Thdylighed a Standard Land-Use Coding
Manual (SLUCM).

Due to advent of remote sensing images, AndersBr6)lsuggested a four level land-use
classification system. At the first level, land-usategories were urban or built-up land,;
agricultural land; rangeland; forest land; wateetland; barren land; tundra; and perennial
snow or ice. This classification is based on laadec, which, can be interpreted by using
remote sensing images. The first level land-usesdiaation can be used for a large scale
area, like nationwide. The second, third and fouekiel classification permits much

flexibility to adjust with local level needs, likaty planning.

In 1994, the Research Department of the Americamrithg Association assisted Federal
agencies to set a Land-Based Classification StdedaBCS), which was an updated version
of 1965 SLCUM (Jeer 2001). LBCS is a land-use diaasion model, which consists five
dimensions and each dimension has different leVéls.dimensions are activities, functions,
building types, site development character, andewsimip. In briefly, the dimensions can be
explained by the following ways (Wang and Hofe 20087

« Activity dimension — it directly describes humaneusf land, like, residential,
shopping, business or trade, travel, leisure, ahtasources etc.

* Functional dimension — it reflects economic funeti@ther than actual activity. For
example, the activity of an establishment is shogpbut, it falls under the retail sales
and service category according to the functionahedision. Besides, when one
establishment shows multiple activities, but, hawle function, then functional
dimension is used to classify land. For example, @stablishment may have different
activities like offices and factory, but, as it lgisgle economic function, so, it falls
under a particular functional category, like adites.

» Structure dimension or building type — it simplyleets the structure types on land,

like, residential building, commercial building,heol building etc.
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» Site development dimension — it refers to physichhracter of the land. Such
classification identifies which land is developeddawhich is not, which land is
occupied by building structures and which is ntt, e

* Ownership dimension — as it is named, it reflebis ownership of the land. This
dimension of land-use classification shows eithtamal is owned publicly, privately,

or non-profitably etc.

Thus using multi dimension classification technsjuser can control the precision of land-
use categories at different level. The LBCS supp@ianning applications at different

geographical scales like neighborhood scale, ciyes regional scale or national scale.

Bangladesh followed a paradigm shift in the urkemdiuse classification during the Detail
Area Plan (DAP) phase of Dhaka Metropolitan Develept Plan (DMDP) project. It was
one of the early approaches on GIS based urbamip@nn context of Bangladesh. The
improved data acquisition technology and applicatd GIS tools allowed planners to adopt
a wide and extensive level of land-use classificattechnique. Recently, the planning
authority, Rajdhani Unnoyon Kartipakkha (RAJUK), ear trying to make further
improvement of existing land-use classification tegg Some Planner Consultants of
RAJUK proposed a three level land-use classificatigstem. The first level is the general
land-use classes. They proposed 20 general lanczatsgories. Under these general
categories they proposed more detail land-useeasaas?” level and most detail land-uses at
the 3° level, which is under™ level land classes. In their proposed classificasystem,
they tried to address the issues they faced dtnegmplementation of DAP. Such land-uses

will help the planners during the plan preparatsrwell as plan administration.

4.3 Criteriafor Urban Land-use Planning

There are no unique factors and criteria for urlzamd-use planning. Dai, Lee and Zhang
(2001) applied comparisons of topography, grounddimns, grandwater and geologic
hzards for land-use planning of Lanzhou city, whetigey made geo-environmental
evaluation. Dong, Jet al. (2008) claimed an integrated evaluation of urbametbpment
suitability in their study. They considered 11 papaeters under the factors of environmental
backgrounds, water/land resources and socio-ecendevelopment. But their parameters
don’t look as complete for an integrated evaluatidhey neighter considered community
services like schools, hospitals etc. nor they isego utility services like water supply,

electricity supply etc. in their evaluation. Tudesad Yigiter (2010) proposed land-use
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planning for high storey buildings, multi storeyildings, low storey buldings, industrial
sites, waste disposal sites and green lands inghely in Adana-Turkey. They used varying
conditions of environmental criteria, which arepso elevation, surface geology, depth of
ground water, bearing capacity, agricutural suiitgbiland-use, earthquake susceptability
and flooding area. Their selcetion of criteria wather complete according to their proposed
types of land-use. So, from the selected literatitrevas found that there is unified rule for
urban land-use planning. Researchers identifiedr twn criteria of land-use planning
according to their subjective judgment, theoretikabwledge as well as locah-situ

knowledge.

4.4 Multi-Criteria Decision Making Model (MCDM) and GIS
Several MCDM techniques have been evolved to sodveplexity in human decisions. MCD

techniques help decision makers to consider widel lef information and assist to deal with
complexity of information in a convenient way. UgiMCDM techniques decision makers
can combine a lot of information, can make compagaanalysis and can choose best
alternative from a number of options. MCDM techrguguide decision makers to think

consistently, especially, when they become puzzigthe elements of decisions.

There are many MCDM techniques and their numbstilisrising. The variations in MCDM
approaches occur due to several reasons like, tyfpescision, time availability, amount or
nature of data, the analytical skills of those suppg the decision, administrative culture
and requirements of organizations etc. (Departrf@nCommunities and Local Government:
London 2009). However, from literature reviews thasic types of MCDM techniques can
be distinguished — multiple attribute decision maki(MADM) and multiple objective
decision making (MODM) (Kahraman 2008). MADM iddigs best alternative from a set of
finite number of alternative solutions, while, MODMeals with infinitive number of

alternatives.

Traditionally GIS based land suitability analysissvdone using simple overlay method
(Malczewski 2004). For the last two decades, irdggn of MCDM techniques with GIS has
made considerable improvement in land suitabilitglgsis. MCDM techniques allow to set
decision making rules, criteria, intensity or lewdl given preferences as well as to set
functional relationships among the rules and ddteby using their methodological
operations. On the other hand, GIS has huge capebifor spatial and non-spatial data

acquisition, storage, retrieval, manipulation andlgsis. So, MCDM techniques embedded
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with GIS can be used fruitfully for land suitabylianalysis as well as for land-use planning as
such planning approaches need involvement of @iffiedecision rules, analysis of wide level
of spatial and non-spatial data and need combialinthe decision making factors to get the
results. GIS provides an output map of land suitgldnalysis by combining all the decision

inputs in the realm of a particular MCDM technique.

A number of MCDM techniques embedded with GIS hbgen applied for land suitability
analysis (Malczewski 2004). Some of them are MOD¥dhhiques and some are MADM
techniques. MODM techniques, like heuristic apphes¢ Al techniques, require
mathematical programming algorithms which are memimplicated. While, there are several
MADM techniques, which are easy to understand andthmuseful for land suitability
analysis, especially, in raster environment. Suebhniques are Weighted Linear
Combinations (WLC) (or simple additive weightingileal point methods, concordance
analysis, Analytical Hierarchy Process (AHP), Fuingic, Ordered Weighted Averaging
(OWA) etc. Among those techniques, from the literatsurvey it was found AHP is most
widely used technique for urban land-use plannbaj,(Lee and Zhang 2001; Zhang, Li and
Fung 2012; Tudes and Yigiter 2010; DonggtJal. 2008).

There are several problems in applying MCDM techegjin GIS environment (Malczewski
2004). First, the input data may have propertynafccuracy, imprecision, and ambiguity.
Some MCDM techniques need more accurate data te jodigment more objectively, while,
some MCDM techniques can deal with less accurate g making subjective judgment.
Second, the problem associates with standardizatbncriteria. Different methods
standardize criteria in different ways that showsffeent land-use suitability.
Standardizations of criteria in some techniquescaraeplicated and for some techniques it is
simple. All standardization methods are not suédbl a particular study. For example, for
the soil fertility analysis Fuzzy Logic can be apmiate, as the merits and demerits of the
properties of soil should be determined in manyalbut the Boolean values. Third, the
problem is finding a proper justification on whiahethod is more suitable. This problem
associates with the first and second problems. &DM technique for a particular study can
be supported in consideration of second problent, tannot be supported for the first
problem. So, to minimize such problems, specific DM techniques should be selected

based on data availability, technical expertisaeetavailability etc.
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4.5 The Analytical Hierarchy Process (AHP)
AHP is one of the most popular MCDM techniques tgved by Saaty (1980). It is used to

identify the best one from a set of alternativeshwespect to several criteria. The basic
principle of AHP is to solve a problem by formingetarchies. At first, a hierarchy tree is

drawn to segregate each criterion into lower sufiefia at two or more levels. At the top of

hierarchy tree, the goal is set, and then, majter@a and sub-criteria are fixed. Thus AHP
helps to make assessment from lower criteria; eaitdria and sub-criteria have individual

performance to achieve the goal. Following arestie@s performed for GIS-AHP based land
suitability analysis (Ullah and Hafiz 2014) -

(i) Making pair-wise comparison among criteria,

(ii) Preparing comparison matrices,

(i) Standardization of matrix values,

(iv) Checking consistency ration and finalizing tie¢ative weight values,

(v) Transforming the weight values into spatialadeise,

(vi) Overlay operations and preparing composite map

(vii) Classifying the composite map into highly &ilile, moderately suitable and marginally
suitable area.

The detail steps of AHP have been described ifalf@ving chapter (Chapter 5).

4.6 Why AHP has been used for this study

Different social, economic, environmental and pbgbifactors and criteria influence the

land-use planning decision. It is a complex jolzaétegorize the criteria because of conflicts
among criteria and for their degree of effects andtuse planning. For example, both
agricultural land and parks can be defined undemogpace category. But, in that case,
agriculture can be treated suitable for recreatiaevelopment that may have negative
impacts due to scarcity of agricultural land and filood deficit. So, it is necessary to

categorize the criteria very sensitively. But, @cbmes hazy to categorize the criteria in a
structured way. AHP allow to set factors and cidtén a structured way. Features under this
criteria and sub-criteria may exist in separatations or can coexist in a single location. So,
each criterion needs to evaluate individually amkeieds to sum up all the criteria on a given
location for estimating its level of preference. Rldmbedded with GIS can easily handle the
matter with their measurement and overlay techrsigBer land-use planning, some decision
rules are necessary to be applied. Sometimes tlexssion rules can be fixed objectively by

using quantitative measurements and sometimesigdessary to apply subjective judgment
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to set the decision making rules. AHP can handth b@e objective and subjective judgment
as well. For imposing subjective judgments, deaisitakers sometimes fail to maintain
consistency. AHP guides to make consistent judgniemielps to minimize contradictions
among a set of criteria. For sustainable land-Uaaning, there are necessary to include
different experts’ opinions as well as that of rexpert stakeholders. Then, it becomes a
tricky job to emphasize whose opinions are moréleisAHP make space for all individuals
or groups from different backgrounds. For a la@ea land-use suitability should be ranked
in priority order. For example, an area, whichnshighland and is well connected by civic
facilities, should have high priority for resideaitidevelopment. AHP embedded with GIS
can rank the suitable areas in different order highly suitable, moderately suitable, low

suitable or not suitable areas.
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Chapter 5: Designing Geodatabase and
Evaluation of Land Suitability using AHP

This chapter focuses major methodological operatafrthe thesis works. Through literature
reviews and by sharing experts’ opinions, the negment analysis was done; the geodatabase
was designed as well as the criteria influencirgaaorland-use planning were selected. After
processing the collected data, land suitability veasluated using AHP. For this entire
methodological operation, it was kept in mind ttie results would be used for urban land-
use planning and its administration at a regionalesin view to promote sustainable urban
development. It would not be a detail land-use pdbam would be useful for a strategic
planning like DMDP Structure Plan and would minimithe time and resources used for

preparing DAP.

In context of Dhaka city, the priority area of unbaevelopment should be residential
development, industrial and commercial developmestdreational development and at the
same time protecting the agricultural land. As a ohthe fastest growing megacities in the
world, the immediate necessity of Dhaka city isvliing adequate shelters in the form of
residential development. As a growing economy tt@agie city of the country, Dhaka needs
room for commercial and industrial development. Therent unplanned development of
Dhaka city is limiting the parks, open spaces agritaltural land. So, it is also important to

create parks, open spaces and other outdoor riecr@atfacilities, and protecting the

agricultural land for food sustainability. In thikew, the evaluation process of land suitability
of this thesis selected the criteria that affecsth development issues. The priority of the
criteria was set in a way so that higher suitabkaacould be proposed for hard urban
development like residential, commercial and indaktevelopment and lower suitable area
could be reserved for agriculture, park, open spacel other recreational facilities. In the
next chapter, more discussion was made to highhgit priority orders of the study area

were analyzed for proposing different land-uses.

5.1 Modeling Geodatabase using UM L
The UML-Geoframe concept, described in chapter & applied for designing geodatabase
model of urban land-use planning. Two objectivesanget for this conceptual modeling —

» Fixing data requirements and database structupgeipare land-use plan for DMDP

(Dhaka Metropolitan Development Plan) area.
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* Handover the datasets to the authority (RAJUK, dapital improvement authority,
who is mainly responsible for planning, managingd aantrolling of land-use within
DMDP area) to administer the land-use plan.

The broad themes for land-use planning and managemneler DMDP area are shown as in

Figure 12:
Dhaka Metropolitan
Area
Administrative and Land-use Physical and
Planning Boundary Geological
Utilities Community Demographic
Facilities

Figure 12: Broad themes of land-use plamn

5.1.1. Administrative and Planning Boundary
This theme will mainly require for RAJUK for admstiative and management purposes after
finishing the land-use plan. The land-use plan séll guidelines for administration of land-
use. Following information was step-by-step follaWfer preparing class diagram under this
theme (Figure — 13)—
 DMDP area consists of several districts (fully artfy). Total Bangladesh is divided
by 64 districts.
» Each district comprises number of Thana (sub-di3tri
* The major built-up portion of DMDP area is DhakayGTorporation, which consists
of 14 Thana. Recently, Dhaka City Corporation hasrbdivided by two parts —
Dhaka City Corporation North and Dhaka City Corpiora South. So, name field has
been added.
» Dhaka City Corporation is divided by around 100 dgarThe name of the ward class
of Dhaka City Corporation has been termed as Ward_C
* There are other Pourashava towns (municipalite®MDP. Generally, a Pourashava
exists within a single Thana. But in some casgsurashava can overlap to another

Thana. So, here aggregation relationship was used.
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Each Pourashava is divided by 9 wards. The nameaofi class of Pourashava is
termed as Ward_P.

Besides Pourashava area, other areas of a Thamaghiel Union Parishad (the rural
local government institute). There are number abns under each Thana.

Each union contains 9 wards. But, the ward bouedarnder union are not properly
delineated in spatially. However, it will not ma&ay problem to identify a parcel of

land without considering the ward boundary for mngmeas, which are predominantly
rural. In those areas, it will be better to ddeuzaname. So, ward boundary in union
areas were not considered for database.

Mouzais the unit for keeping land record and is adméresti by Land Record office

as well as by Land Ministry. Alternatively, it che said as cadastral unit.

Each union consists of one or more mouza, butetinesty have overlapping. One
mouza can be extended between two or more uni@ts. aggregation relationship
was used between union and mouza.

Each mouza contains one or more blocks, which elieehted by Mouza Sheet.

Each Mouza sheet has number of plots, that igjltheate parcel of land.

It is very much important to know the plot ownegslipattern for planners and
authority. So, an enumeration class of plot owriprphttern has been added.

Ward boundary of City Corporation and Pourashawas lze properly delineated by
plot no. So, here composition relationship wagluse

The total DMDP area was divided into several grbapndaries to prepare the detail
land-use plan.

Each groups were again divided by several numbe3R# (special planning zone)
boundaries.

During the plan preparation, planners divided egaup into several DAP (Detalil

Area Planning) zone.

Such grouping and zoning measures are taken duahiegplanning phase. After

finishing the plan, the land-use is administereddantifying plot no., ward no. etc.

Such group or zoning boundary is not necessargdgrto day work of authority. So,

the group boundaries were presented in separade dlagram without making any

link with land parcel and other administrative imfation.
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Figure 13: Class Diagram - Administrative and Planning Boundary theme

ESRI Classes::Object A\

+OBJECTID : esriFieldTypeOID

DAP_Zone A _[q ]

esriFieldTypeSmallinteger

ESRI Classes::Feature A [q] AN
E+Shape : esriFieldTypeGeometry
AN AN
District A [ RuralUnion A g
s -Dist_Name : esriFieldTypeString fL-Union_Name : esriFieldTypeString
! 1
1
GroupBoundary A g
1 -GrouplD : esriFieldTypeString
Mouza A [ 1
-Mouza_Name : esriFieldTypeString
-JL_No : esriFieldTypelnteger
1 SPZ A [d]
* esriFieldTypeSmallinteger
< 1.
Thana A Q] ]
~-Thana_Name : esriFieldTypeString > Mouza_Sheet A [
14 1 |-Sheet_No : esriFieldTypelnteger
1.7
B ) 1
! 1.3
DCC A g Pourashava A [
-DCCName : esriFieldTypeString -Poura_Name : esriFieldTypeString
-Area : esriFieldTypeDouble
[ 2
1 K
1
9
Ward_C A [q] ]
-CWard_No : esriFieldTypelnteger 4 Ward_P A [q]
1 |-PWard_No : esriFieldTypelnteger 1
«enumeration»
Ownership « *

+Private = Private
+Public = Public
+Khash = Khash

\

Plot A [d]

-Plot_No : esriFieldTypelnteger

-Ownership_Pattern : Ownership

30




5.1.2 Land-use

During designing class diagram for land-use theollewing points were considered (Figure

- 14) -

Planners suggested preparing land-use in threarbigr/categories: General land-use,
Intermediate land-use and Detailed land-use.

The primary data is procured from detailed land-use

The structure data is also used for preparing léetdand-use. For example, a
building is a high school. So, a land-use of scli®derived from that building.
Structure may be one storied or multi-storied. i8S necessary to know the no. of
floor.

Structures are in three type — Pucca (Hard briekyent or similar structure), Katcha
(soft straw, tin or similar structure) and Semi-gaiqBrick/Cement with tin/straw
etc.).

Land-use type can be existing or proposed in simmi@anner. So, Land-use_type
attribute was added under Land-use_Detailed.

Some environmental laws (like wet land act) cont@itain land-uses for particular

areas.

ESRI Classes::Object

ESRI Classes::Feature J+OBJECTID : esriFieldTypeOID

+Shape : esriFieldTypeGeometry

«enumeration» \x Z;

LandType

T+
+gg$rlr?;r':;tlvgt‘?vity i St Enat ko ,
+Community Services Landuse : LandType — -IntermidiateType : esriFieldTypeString
+Education and Research 1
+Forest Area P.*
+Government Services
+Homestead
+Manufacturing and
Processing Acitivity
+Miscellaneous
+Mixed Use -End4

Landuse_intermediate

1 -End3

+Non Government Services ﬁ

+Openspace | [Landuse_Detailed

4 *

+Recrational Facilities Structure _Ende  |-Landuse_Existing : esriFieldTypeString
+Residential -Floor_No : esriFieldTypelnteger _End5 -Landuse_Proposed : esriFieldTypeString

+Restricted Area
-Structure_Type : StructureType
+Service activity —_1yp yp 1

+Transport and
‘Communication
+Vacant Land

+Waterbody «enumeration» EnvironmentLaw

StructureType -LawNo : esriFieldTypelnteger
+Pucca -Law_Title : esriFieldTypeString
+SemiPucca
+Katcha

Figure 14: Class Diagram — Land-use theme
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5.1.3 Physical and Geological

The main considerations for Physical and Geolodluaie were as follows (Figure 15) —

Elevation, soil quality and distance to fault lewe the datasets require under physical
and geological theme. Because such features leelptudy the feasibility of
construction sites, landing built-up areas, evabmabf earthquake risks and other
geo-environmental phenomenon.

Ground water condition was not considered as ayreagberts are suggesting for

collecting water from subsurface source for Dhaka c

ESRI Classes::Object
+OBJECTID : esriFieldTypeOID

ESRI Classes::Feature

+Shape : esriFieldTypeGeometry

=

Contour

SpotHeight

-RI_m : esriFieldTypeDouble

«enumeration»

FaultLine SoilType Soil

| +Rock = —
+Hard Soil_Type : SoilType

+Soft

Figure 15: Class Diagram — Physical and Geologicaighe

5.1.4 Utilities

The principle considerations of Utilities theme @éfegyure-16) —

The major utilities services that have influencadand-use planning are road, drain,
water supply, gas supply, electric supply and segefacilities.

Road types are an important factor. Road types beyhighway, pucca (metal

road/carpeting road), semi-pucca (brick-built roakiditcha (mud road), footpath,

embankment and railway. The context of road hiérgritke primary road, secondary

road etc., is not usually applicable in perspectveBangladesh. Specially, in the

study area such hierarchy could not be maintained.
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* Waterway has not been considered. Because, wateiwaae little impact over land-
use of Dhaka city and a waterbus service projemigathe city failed. The feasibility

of waterway services should be studied under ti@teion planning.

ESRI Classes::Object
+OBJECTID : esriFieldTypeOID

— %

ESRI Classes::Feature

+Shape : esriFieldTypeGeometry g
ZARY AN \

«enumeration»
RoadType
+Highway Road
+Pucca — - .
+Semi-pucca —NameQRNp : esriFieldTypeString Drain
+Katcha -Width - esriFieldTypeDouble -Width_m : esriFieldTypeDouble
+Footpath -Road_Type : RoadType L}
+Embankment
+Railway

WaterSupply GasSupply ElectricSupply Swerage

Figure 16: Class Diagram — Utilities theme

5.1.5 Community Facilities
Designing class diagram for community facilitiessweery simple as only point data of
certain objects, like school, healthcare centerk,pjaus stop and market/bazar, were major

considerations (Figure-17).

ESRI Classes::Object
+OBJECTID : esriFieldTypeOID

ESRI Classes::Feature
+Shape : esriFieldTypeGeometry

JAARA
— HealthCentre Park
School
BusStop MarketBazar

Figure 17: Class Diagram — Community Facilitiesiee
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5.2 Data Processing

Different sets of secondary data were collectedttiss study (see section — 2.2). Data on
administrative theme were not collected for thiglgt Because, this theme has no influence
on proposed land-use planning. However, the remérgs of the theme were designed in
UML as this theme is important for planning authoto manage a land-use plan. Most of the
data were collected from the source of RAKUK Defaita Plan survey. In the study area,
there is no service of Water Supply Authority, whits also responsible for providing
drainage and sewerage facilities. So, no datasets eollected for those facilities. Data were
also unavailable for soil types, which is much #igant to analyze earthquake risks. But,
the fault lines passing through the major riversreveised to determine the zones of

earthquake risk (see section — 2.5).

All the data collected was in Esri Shape file fotraacept data on Gas Supply. Gas Supply
data was in paper map format which was digitizesttwe in GIS platform. The entire shape

files were exported into an Esri Geodatabase.

An important task should be to process featuragedatabase so that the features maintain
accurate topological relationships. There shoult mave overlapping in features, sliver
polygons and associated problems. That is, effoesecessary to ensure quality database. In
this thesis, such jobs were avoided as that woelthuge time consuming. Moreover, such

job would be just a technical work rather than mglsomething new inventory for research.

5.3 Selection of Criteria

In AHP process selection of criteria and their suberia is a crucial stage. Because,
selection of criteria influence the judgment byregating one criteria from other and at the
same time, by giving more importance to one catexier other. By synthesizing numbers of
literature reviews, local contexts and expert apisi a number of factor and criteria have
been selected for this study. The criteria werghtrr divided into several factor ratings
(Classe} depending on their importance or preferencegfdrent levels. Except the land-
use criteria, all the criteria were classified imlidferent factor ratings based on distances.
Land-use is not a point or line feature, ratheraesn feature. Here, classification based on
distances is not applicable. So, no classificatias made for land-use criteria. The factors,

criteria and their ratings can be shown in theofeihg Table-6 —
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Table 6: Factors and Criteria of Land-use

Factors Criteria Unit Factor Rating
Class-1 Class-2 Class-3 Not
suit.
Land-use Agricultural Type Agricultural
Homestead Type Homestead
Residential Type Residential
Vacant Land Type Vacant Land
Utilities Proximity  to| Meter 25C 50C 750 >75(
Road
Proximity  to| Meter 25C 50C 750 >75(
Gas Supply
Proximity  to| Meter 25C 50C 750 >75C
Electricity line
Physical & | Elevation Meter 3-6 6-9 9-13
Geological | Distance from| Meter >250 <250
Fault Line
Community | Distance from| Meter 250 500 750 >750
Facilities School
Proximity  to| Meter 500 1000 2000 >2000
Healthcare
centre
Proximity  to| Meter 25C 50C 750 >75(
Bus Stop
Proximity  to| Meter 250 500 750 >750
Market/Bazar
Proximity  to| Kilometer 2 5 10 >10
Park*

*Reserved Open space has been considered as Ptr&rass no Park services data. This

open space supposed to can be used as park.

5.4 Preparing Comparison Matrix

A useful step of AHP is making Comparison Matrixielcomparison matrix is prepared from
Pair-wise Comparison. A Pair-wise Comparison, sgppoomparison on how important is
the A than theB, is performed in 9 degree preferences scale ageste by Saaty (1980). At
each higher level of scale shows higher importdhaa the previous lower level (Table-7).
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Although Saaty (1980) suggested his 9 degree Enedes scale for qualitative judgment
based on experiments but at the same time hisestaas flexible. Other suitable scale can be
followed. Many authors criticized Saaty’s numemale and several authors tried to improve
that scale in alternative ways, but still no unigeale has been suggested other than Saaty’s
scale (Harker and Vergas 1987; Saaty 1990; Loots#®3; Dong, Y.et al. 2008). On the
other hand, Saaty’s ratio scale is easy to undetstar decision makers and researchers from
wide level of backgrounds are using this scale es&ftlly to ease conflict decision making

process.

Table 7: Fundamental scale used in Pair-wise Casgra(Saaty and Vargas 2001)

Intensity of Qualitative Definition Explanation

Importance

1 Equal importance Two activities contribute eted the objective
2 Weak

3 Moderate importance Experience and judgmentghtyli favor one

activity over another

Moderate plus

Strong importance Experience and judgment slyorfgvor one
activity over another

6 Strong plus

Very strong or demonstrateddn activity is favored very strongly over another

importance and dominance is demonstrated in practice

Very, very strong

Extreme importance The evidence favoring onwiacbver another is

of the highest possible order of affirmation

To make the pair-wise comparison between two faaborcriteria under 9 degree preferences

scale following Figure-18 was used —

Land-[9 [8 [7 [6 [5 [4 [3 1 2 [3]4 5 [6 [7 [8 [9 | Physical/Geological
use

Figure 18: Diagram to choose preference level betvieand-use and Physical/Geological.

Using Figure-18, at first an expert fixes his s@gneither both criteria are equally important
or not. If they are equally important, then theueals 1. If they are not, then the expert takes
his position where he prefers. For example in g8, an expert prefers Land-use to
Physical/Geological. So, he takes left side pas#tiof 1. Finally, according to 9 degree
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preferences scale (Table-3) he marks his actuaévafl preference. In this diagram, the land-
use got a weak favor over the factor of physicallygical. So, the value of 2 at the left side
of 1 was highlighted. Thus pair-wise comparisonseneaade for all the factors. The number
of pair-wise comparison can be calculated usingftiiewing formula (Saaty and Vargas
2001) —

n(n—1)
2
Where, n is number of total criteria or factorspfase, we have 4 factors in our study. So,

e — Equation (1)

the numbers of pair-wise comparison were 6 atitselével.

After making pair-wise comparison, Comparison Mats prepared. For example, a 4 by 4
matrix was prepared for the 4 factors. The diagoahles of the matrix are always 1. We fill
up the upper triangular matrix at first. If the was$ are at the left side of 1 (like Figure-18),

we put actual judgment. If it is at the right safel then we put reciprocal value.

After filling the upper triangle we fill the lowetriangle with the reciprocal values. The
formula is simple. If ajj is the element of rovi columnj of the matrix, then the lower

diagonal is
1
aji

ajj = R - Equation (2)

So, we get one factor matrix and four criteria meas from each expert (see Appendix - 1).

5.5 Estimating Weight for Factorsand Criteria

For estimating weight for factors and criteriafiegt level and second level, following steps
were followed (Saaty and Vargas 2001) —

* Summing each column of comparison matrixes preparqatevious section (section —

5.4).For the example, at first level, we get from anexkp

Land-use Physical/ Utilities Community
Geological Facilities
Land-use ! 2 7 8
Physical/Geological 1/2 1 6 7
Utilities 1/7 1/6 1 2
Community Facilities 1/8 1/7 1/2 1
Sum 177 331 14.5 18



» Dividing each element of matrixes with the sum bkit columns. Here we get

normalized relative weight, where, the sum of ezabmn is 1.

Land-use Physical/ Utilities Community
Geological Facilities
Land-use 0.56 0.60 0.48 0.44
Physical/Geological 0.28 0.30 0.41 0.39
Utilities 0.08 0.05 0.06 0.11
Community Facilities 0.07 0.04 0.03 0.5b
Sum 1 1 1 1

* The Normalized Principal Eigen Vector was obtaibgdveraging across the rows —

0.56 + 0.60 + 0.48 + 0.44 | 0.52

0.28 + 0.30 + 0.41 + 0.39 0.35
W = 1/4 0.08 + 0.05 + 0.06 + 0.11 = 0.08

0.07 + 0.04 + 0.03 + 0.55 0.05

The normalized principle Eigen Vector is also alRriority Vector. As this is normalized,
so, the sum of elements of priority vector is 1cle@lement of priority vector shows the
relative weight of its corresponding criterior example, the relative weight of land-use is
52%. But, before finalizing this relative weighgnsistency of preferences was checked. The

consistency is checked by following some stepsbfamulas.

» To check the consistency, at first Principle Eiy&tue was calculated. The calculation
was obtained from the summation of products betwessrh element of Priority vector

and the sum of columns of the comparison matrix.
Amax =1.77(0.52) + 3.31(0.35) + 14.50(0.08) + 18§D = 4.12

Then Consistency Index (CI) was calculated usingaqn-3. The CI is used to find the
deviation or degree of consistency. But, this eiquais not final. To do the final check
Saaty(1980) proposed Consistency Ratio (CR), whscla comparison between CI and
Random Consistency Index (RI), the appropriate (@wiation-4). Saaty (1980) determined
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standard RI against different number of criter@r500 sample matrices. For example, Rl is
0.9 for 4 numbers of criteria. From Equation — 3&ve get Cl = 0.04 & CR = 0.04 for this

four factors example. Saaty (1980) suggested if0Res less than or equal to 10%, then, the
inconsistency is acceptable. In our all casesuafys{both at the first level and second level),

the CR values were remained below 10%.

Cl = /lmaX— n e — Equation (3)
n-1
Cl

CR= T e — Equation (4)

To do the whole weight estimation job, the caldotaformulas were designed in MS Excel
program. During sharing with expert opinion, expestere asked to give their preferences
values on a 9 degree scale (like Figure-18). Bapeh their judgment, if the values of CR
were shown as greater than 10%, then experts ve&exldo repeat their task with different
preferences. Thus, the weight assessments fronvidodi experts have been shown in
Appendix - 2.

A major challenge here was to aggregate differegfiepences values of experts into a single
rating value. It was not possible to call all thperts for a group discussion and finalize the
single ratings by them. In this connection, a numtdfeliteratures were reviewed. Several
approaches have been suggested to aggregate imijidigments or priorities (Ramanathan
and Ganesh 1994; Ernest and Kirti 1998; Dehgl. 2010; Aczel and Satty 1983). The main
objective of those approaches is to reach aP#reto (unanimity, agreement) Principle
this study the Geometric Mean of individual pripnitas considered. That is, the geometric
mean of all individual experts’ Principle Eigen VWexs of a particular criterion was
calculated. Then, the geometric means of all caiterere normalized by dividing with their

sum so that disparity can be minimized (see Appeili

Thus we get final weight of all the factors andesia at the first and second level. At the end
of this stage, we get the overall weight by mujfipd) the weight gotten in level one with that

in level two (Table — 8).
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Table 8: Weight values of factors, criteria anddacatings

Level 1 Level 2 Overall Weight | Rating (Level 3)

Factor W1 | Criteria W2 (Wi=W1xW?2) | Class-l | Class-2 | Class-3 | Not Suit.

Land-use 0.50 Agriculture 0.10 0.049 - - -
Homestead 0.39 0.195 - - -
Residential 0.07 0.036 - - -
Vacant land 0.44 0.219 - - -

Physical Geological 0.34Elevation 0.40 0.135 0.125 0.3138 0.563 0
Fault line 0.60 0.205 1 - -

Utilities 0.10| Road 0.67 0.067 0.562 0.31p 0.125 0
Gas Supply 0.07 0.007 0.56 0.312 0.1p5 0
Electricity 0.26 0.026 0.562 0.312 0.125 0

Community

Characteristics 0.0bSchool 0.52 0.026 0.562 0.312 0.125 0
Healthcare Centre 0.22 0.011 0.562 0.312 0.125
Bus Stop 0.09 0.004 0.562 0.312 0.125 0
Market/Bazar 0.12 0.006 0.567 0.312 0.125 0
Park 0.05 0.003 0.562 0.31P 0.125 0
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At the third level, there is no overlapping comaiiti So, here comparison matrices are not
necessary. But at different unit of intervals difiet level of scores were assigned. The scores
were determined by the researcher’'s own judgmeihieaalready have perceived idea about
each criteria during the literature reviews andrisigaexperts’ opinion survey. The score
values were fixed according to AHP 9 degree sd&dethis scale was already used in first
and second level, so, it seemed convenient toheseadme scale at the third level. Then, the
score values were normalized to minimize dispaaityong the values. At an interval unit
where a particular criterion is not suit, thereozealue was assigned. In case of land-use
criteria, there is no overlapping condition in gerond level. So, for these criteria no score
values were assigned rather the overall weightegdtom first and second level were used
(Table - 8).

5.6 Evaluation of Land Suitability in GIS

To evaluate land suitability in GIS, the spatiatadease was prepared with data layers. Each
data layer represents a particular criterion. Thtadayers were constructed from buffer
analysis at the given distance units for eachraitd he attribute of these data layers were

determined by multiplying the normalized score ealat third level with the overall weights.

Then, each data layers were converted to rasteratowhere the attribute values were used.
That is, each criterion values are represented Ipwarticular raster data layer. The raster

operations were performed on 300m grid cells.

But, it was not necessary to buffering the land-cisieria as those criteria were already in
polygon and there was no need of multiplication.t@mother hand, elevation data was taken
by creating Digital Elevation Model (DEM), which éso already in raster format. DEM was
generated in Inverse Distance Weight (IDW) methedhare was low resolution spot height

data. DEM values were reclassified to prepareraoitemap in raster format.

After creating all the required raster data lay#ney were overlaid or aggregated in raster
calculator. Thus a composite map was produced. VEhges of composite map show the
land-use suitability index. The entire calculatatrthis stage can be shown by the following
equation —

n

S: ZWI*Xl e — Equation (5)
1=1
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Where, S is the land-use suitability index. Wi #ne overall weights which were gotten
previously by multiplying the weights of first ledvand second level criteria. Xi scores are

normalized value of lowest level factors.

But, still one thing should be considered for eailg suitability index. Some areas are
restricted for existing university campus, army panand for other reasons. These areas
should be excluded from land-use planning. To dat fob a Boolean raster should be
multiplied with the suitability index, where thelua of restricted areas in Boolean raster is 0

and other areas are 1. This can be simplified bydhowing equation —

n
S: EWI*XI*TC e — Equation (6)
1=1

Where, TU is the Boolean value.

Finally, the suitability index was classified irftur classes to rank the study area into highly
suitable, moderately suitable, low suitable andsuitable locations (Figure-19). As most of
the criteria were rated under four classes soitta ¢omposite map were also classified into

four categories. This suitability map was thereaited for land-use planning.
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Chapter 6: Result, Discussion and
Conclusion

6.1 Result and Discussions

6.1.1. The Land-use Suitability Indexes
As stated in the previous chapter, the suitabifigexes were classified into four classes —

highly suitable, moderately suitable, low suitaduhel not suitable.

Table 9: Area of different suitability types

Suitability Type No. of Grid Cells | Area (in sq. km) | Proportion of Area
Highly Suitable 436 39.24 13%

Moderately Suitable | 1186 106.74 35%

Low Suitable 1438 129.42 42%

Not Suitable 346 31.14 10%

Total 3406 306.54 100%

Table-9 shows that only 39.24 sq. km area is highiyable (13%) followed by 106.74 sq.
km is moderately (35%) and 129.42 sq. km (42%)pv8 uitable area. If we overlay each

criterion map on this suitability index map, therm get following findings —

6.1.1.1 Land-uses

Table 10: Land-use classes under each suitahyjfpigst

and-use Type | Agriculture Homestead | Residential | Vacant Land
Suitability Type Area (%) | Area] (%)| Area (%) Area (%)
Highly Suitable 0 0% 0 0%| 0.27 9% 38.97 37%
Moderately Suitable 22.77 16% | 37.26 61% | 2.43| 82%| 44.28§ 42%
Low Suitable 90.27 65% | 20.52 34% | 0.09] 3% | 1854 189
Not Suitable 25.38 18% | 3.15| 5% | 0.18 6% 2.43 2%
Total 138.42 | 100% | 60.93 | 100% | 2.97 | 100% | 104.22 | 100%

Table-10 shows that most of the agricultural laatsfinto low suitable and not suitable area
(65% & 18%). Around 16% of total agricultural lab@longs to moderately suitable area,
while, no agricultural land was found in highly talile area. This happened, because, experts
preferred to avoid agricultural land from residahticommercial and similar hard urban

development. A substantial portion of homesteasidential and vacant land (61%, 82% &
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42%) falls into the category of moderately suitdbled. These types of land-uses are suitable
for such hard urban development. Some 9% of resaldand and 37% of vacant land are
located within highly suitable area. This two typef land can get priority for urban
residential development, because - The residdatidruses are already in residential. So, the
existing residential land-uses could be promotdd planned residential area to facilitate

more housing. Then, new housing development alsdegromoted in the vacant lands.

""'L Land-use Criteria
P Ha
e T *

Suitability Types

Legend

Legend
[ Not suitable [ Residential
[ ] Low Suitable B Agriculture
|:! Moderately Suitable E Homestead
B Hingly Suitable [ Vacant Lana

Figure 20: Comparison between suitability types lamd-use criteria

6.1.1.2 Physical and Geological

Table 11: Elevation classes under each suitalbyljigs

Elevation | 3456 m 6to9m 9t013m
Suitability Type Area | (%) Area | (%) Area| (%)
Highly Suitable 207 2%| 12.24| 10%| 16.83| 20%
Moderately Suitable | 36.683 41% | 48.06| 40%| 44.73| 52%
Low Suitable 34.38 39%| 52.47| 44%)| 19.89| 23%
Not Suitable 15.7% 18%| 19.44| 16%| 4.05 5%
Total 86.76 | 100% | 119.97 | 100% | 85.5 | 100%
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Table-11 illustrates that 16.83 sg.km (20%) of A 8meter elevated areas falls into highly
suitable area. This portion of area is comparatitgher than the portions of lower elevated
area (2% and 10%) in the same suitability categdugh figure justify that more than 50% of
highly suitable land fall into high land (9 to 13tar), which is free from flood and favorable
for residential development. Most of the significaortion of all types of elevation go under
moderately and low suitable area. The facts fos #ignificance is that the sizes of the
moderately suitable and low suitable area are silgoificantly higher (35% and 42%, see
Table -9) and there are little variation of elewatin the study area, meaning that the study

area is primarily a plain land.

Suitability Types

Elevation Criteria

[:’ Moderately Suitable

B Hingly Suitable

Legend Legend
[ Not suitable Elevation
|:| Low Suitable Value

P High : 0.076005

. Low:0.016875

Figure 21: Comparison between suitability types elegation criteria
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Table 12: Earthquake risk area under sadhbility types

Fault line | Within Risk Not in Risk
Suitability Type Area | (%) Area (%)
Highly Suitable 0 0% | 39.24 169
Moderately Suitable 441 8% 102.3341%
Low Suitable 22.68 41% | 106.74 42%
Not Suitable 28.35 51% | 2.79 1%
Total 55.44 | 100% | 251.1 | 100%

Table-12 depicts that highly suitable area hasistoaf earthquake. So, residential land-use
can be proposed in this area as people usuallyastdeir resident at night. Only 8% of risky
area is under moderately suitable area. This malrgiortion of land could be used for urban
development other than residential, commercial iaddstrial development. Around 92% of
risky area falls within low suitable and not sulalarea. So, the result validates that low

suitable and not suitable area should be protdobed hard urban development.

Suitability Types Fault Line Criteria

‘ Legend

Ty 'L‘l Legend
g, =0 I Notsuitable Fault Line
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L
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: L
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Figure 22: Comparison between suitability types fandt line criteria
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6.1.1.3 Utilities

Table 13: Road classes under each suitability types

W Within 250 m | Within 500m | Within 750 m
Suitability Type Area | (%) | Area| (%) | Area (%)
Highly Suitable 39.24 36% 0 0% 0 0%
Moderately Suitable 64.44 599 30.15 27% 12(15 14%
Low Suitable 4.05 4% 71.91 65% 5346 620
Not Suitable 1.26 1% 9 8%| 20.88 24%
Total 69.75 | 100% | 111.06 | 100% | 86.49 | 100%

According to Table- 13 and Table-9, all the higblytable area (39.24 sq. km) lies within the
250 meter buffer zone of road networks, that ighlyi suitable are is well connected by road
networks. Similarly, moderately suitable area atlose to the road network as 59% of the
area within the 250m distance of roads fall undedenately suitable area. On the other hand,
low suitable area and not suitable area locatedeafar distances from the roads. So, it can
be inferred that land-uses, like residential, comma¢ and industrial developments, can be
proposed in highly and moderately suitable areas.alfnost similar result (with almost a
similar figures) is also found in case of electyi¢iTable-14), because, electricity lines passes
through the road networks. So, similar urban dewelents also can be proposed in
consideration of electricity. Although the figufes gas line (Table- 15) are different, but the
summary of the result is same — highly and modratg@table areas are close to gas line,
while, the low suitable and not suitable areasrafar distances. So, the land-use proposal in
connection to the criteria of gas line should bailsir to other utility services like road

networks and electricity.

Table 14: Electricity classes under each suitgijipes

oximity to Electricity Above 750 m
Within 250 m | Within 500 m | Within 750 m | (not Suit.)
Suitability Type Area | (%) Area | (%) Area| (%) Area (%)

Highly Suitable 39.24 36%
Moderately Suitable 64.44 59%| 20.61| 31%| 9.54| 21%|12.15] 14%
Low Suitable 4.09 4%| 41.22] 62%| 30.7| 69%|53.46] 62%
Not Suitable 126 1%| 4.68] 7%| 4.32] 10%]20.88] 24%
Total 69.75 | 100% | 66.51 | 100% | 44.6| 100% | 86.49 | 100%
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Table 15: Gas line classes under each suitabyiigd

Proximity to Gasline Above 750 m
Within 250 m | Within 500 m | Within 750 m (not Suit.)
Suitability Typ Area | (%) Area | (%) Area | (%) Area | (%)
Highly Suitable 153 42%| 4.68| 15%| 3.15| 12%| 16.11 8%
Moderately Suitable 18.72 51%/| 15.03| 49%| 11.8| 44% 61.2| 29%
Low Suitable 1.44 4% | 8.82| 29%| 10.8| 40%| 108.36] 51%
Not Suitable 1.08 3% | 1.89 6% | 1.35 5% | 26.82| 13%
Total 21.24 | 100% | 25.74 | 100% 27.1| 100% | 212.49 | 100%
Suitability Types "Ilq_ Road Criteria
I: .
. '_E' 5
=
n AR
L Legend Legend
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Figure 23: Comparison between suitability types \enadl criteria
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6.1.1.4 Community Characteristics

Table 16: Proximity to school under each suitaptipes

roximity to School Above 750 m
Within 250 m | Within 500 m | Within 750 m (not Suit.)
Suitability Type Area | (%) Area (%) Area| (%) Area (%)
Highly Suitable 12.69 15% 7.2 14%| 10.53| 15%| 8.82 9%
Moderately Suitable 32.4 39% | 27.18| 54%)| 22.77| 32%| 24.39| 24%
Low Suitable 33.66 40%| 14.31| 28%| 31.05| 43%| 50.4| 50%
Not Suitable 522 6% 2.07 4% | 7.38| 10%| 16.47| 16%
Total 71.28 | 100% | 43.56 | 100% | 71.73 | 100% | 100.08 | 100%

According to Table-16, the area coverage of schabldifferent distances is considerably
higher in moderately suitable and low suitable saréatually, schools are distributed all over
the study area to facilitate the education servitoeall. So, the area coverage of schools is
higher in those two suitable areas, because, ttwsesuitable areas cover major portion
(77%) of the study area. However, within this scopstudy, it could not be concluded that
number of schools or their capacities are enoWgéther, it can be said, for example, highly
suitable area has access to schooling facilities ressidential land-use could be proposed
there. Although the figures in number are somehiffgrént, but similar discussions are also

applicable for the criteria of healthcare serviCesble-17).

Table 17: Proximity to healthcare services un@ehesuitability types

Proximity to Above 750 m
ealthcare | Within 250 m | Within 500 m | Within 750 m (not Suit.)
Suitability Type Area | (%) Area (%) Area| (%) Area (%)
Highly Suitable 297 11% 594 10%]| 17.01| 13%| 13.32| 15%
Moderately Suitable 15.83 56%| 21.51| 38%| 42.12| 32%| 27.81] 30%
Low Suitable 7.92 29%)| 26.55| 46%]| 58.05| 44%| 36.9| 40%
Not Suitable 09 3% 3.15 6% | 13.68| 10%| 13.41| 15%
Total 24.12 | 100% | 51.21 | 100% | 130.9 | 100% | 91.44 | 100%
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Table 18: Proximity to bus stop under each suitgtiypes

Proximity to Insignificant

Bus Stop | Within 250 m | Within 500 m | or Not Suit.

Suitability Type Area | (%) Area (%) Area| (%)
Highly Suitable 0.9 29%| 4.95| 23%]| 33.39| 12%
Moderately Suitable 1.6R 53%| 11.34| 53%]| 93.78| 33%
Low Suitable 0.45 15%| 3.51| 16% | 125.5 44%
Not Suitable 0.09 3% 1.71 8% | 29.34| 10%
Total 216 | 100% | 16.56 | 100% 282 | 100%

According to Table-18, areas that cover upper B@hmeter distances from bus tops are not
significant. So, these areas have been added Mdh Suit. areas. Those areas are
insignificant and were added witthot Suit.as their weightage value is close to zero. Within
250 meter distance, area coverage is highest irerataly suitable area (53%) followed by
highly suitable area (29%) which are also almasilar for areas within 500 meter distance.
So, it can be inferred that highly and moderateiyable areas have greater accessibility to

bus stops that is an advantage for residentialpeerial and industrial development.
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Bus Stop Criteria
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Figure 28: Comparison between suitability types lansl stop criteria
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Table 19: Proximity to market/bazar under eachasility types

Proximity to Market/ Above 750 m
Bazar | Within 250 m | Within 500 m | Within 750 m (not Suit.)
W Area | (%) Area | (%) | Area | (%) | Area (%)
Highly Suitable 459 21%| 5.76| 18%| 5.85| 16%| 23.04| 11%
Moderately Suitable 11.61 54%| 13.77| 44%| 15.21| 42%| 66.15| 30%
Low Suitable 441 21%)| 10.35| 33%| 12.42| 35%| 102.24| 47%
Not Suitable 0.9 4% 1.71 5% 2.52 7%| 26.01| 12%
Total 16.92 | 100% | 25.83 | 100% 36 | 100% | 217.44 | 100%

As Table-19 shows, some 217 sq. km of the studg &@&lot Suit.for access to market
places. In fact, these market places are consilyebap People, who stay in long distances
from these market places, don’t come here in dadlyis. They come in these market places

one or two times in a week. They buy their dailgessary products from local shops or local

small markets or temporary Bazars. This criterias kalue on overall weight of suitability,

but, as an individual criterion nothing could bé&imned for land-use planning.
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Figure 29: Comparison between suitability types awadket/bazar criteria
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Table 20: Proximity to park under each suitabitjiges

\W Within 250 m | Within 500 m | Insignificant or Not Suit.
Suitability Type Area | (%) | Area (%) | Area (%)
Highly Suitable 0.54 3% 5.94 6% 32.76 17%
Moderately Suitable 43P 20%| 30.87| 33% 71.55 37%
Low Suitable 13.32 62%| 40.77| 43% 75.33 39%
Not Suitable 3.24 15% 16.29| 17% 11.61 6%
Total 20.88 | 100% 87.93 | 100% 191.25 100%

According to Table-20, similar to bus stop, proxyro park got little preferences over other
criteria. So, areas within 500 to 750 distancesnfigark showed as insignificant as their
weight value is close to zero. 62% area within Biter and 43% area within 250 to 500
meter fall under the category of low suitable lath@t is, most significant areas close to park
lie on low suitable areas. Actually, within théele study area, no data of park was found.
The study area has no planned development thabeaam reason for not having any area
designated for park. As stated in previous chameme reserved open spaces have been
treated as park in this study, in a sense, thesesaould be used for park in future. The result
in the table validates that intention. Low suitabkea, which is not useful for hard urban
development as discussed previously, should be tmedoft development, like creating
recreational facilities. Parks along with otherreational facilities could be developed in the

reserved open spaces, which belong to the lowtdeitaea.
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Figure 30: Comparison between suitability types pauk criteria
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6.1.2 Land-use Proposal
According to the above discussions, the dominaatiufes under each suitability type can be

shown like as following Table-21 —

Table 21: Dominant features under each suitaliyies

Suitability Type Dominant Features

Vacant Land, High Elevation, No earthquake riskpg@l to utility

Highly Suitable services, close to bus stops

Homestead, Vacant Land, residential, High Elevatidinimum
earthquake risk, close to utility services, closebus stops, close {o

Moderately Suitable market places

Low Suitable Agriculture, homestead, earthquake risk, closeartip

Agriculture, earthquake risk

Not Suitable

Considering the above dominant features in Tablea2tording to each suitability type we

can prepare the following land-use proposal —

6.1.2.1 Land-usein Highly Suitable Area
The highly suitable areas are featured by vacanmt, laigh elevation, connected with utilities
and community services. Hard urban developmentbmmpromoted in these areas. These

areas should be used for urban residential ardasititate new housing development.

6.1.2.2 Land-usein Moderately Suitable Area

Moderately suitable areas are featured by homesteant land, existing residential use,
high elevation, minimum earthquake risk, close @rkat places and connected with utilities
and community services. Within this scope of stutigse areas can be proposed as mixed-
use area. This mixed-use area has potentiality afsing, commercial and industrial
development. Detail study is necessary to findwhich part of this area is preferable for
industrial development. Other area could be usedbfath residential and commercial
development as such mixed-use development is appgddn Bangladesh. Any hard urban

development should be protected in earthquakezoske.

6.1.2.3 Land-usein Low Suitable Area
Low suitable areas are predominated by agriculamd low lying flood flow zones. These
areas should be free from major development. Thesldere are close to fault lines. So, the

places are also prone to earth quack risk. Hereldement controlling mechanism is earnest
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necessary. Agricultural lands should be protecte8angladesh is facing acute shortages of
agricultural land. However, as these areas falhiwithe Greater Dhaka Metropolitan Area
jurisdiction, so, some parcels of land in theseasreould be used for sports grounds, parks

and other recreational open spaces as a requiraheity’s civic amenities.

6.1.2.4 Land-use in Not Suitable Area
The Not Suitable Area is featured by agriculturs¢s) restricted areas and high earthquake

risk. Any type of use other than agriculture shcaddprotected in this area.

6.1.3 Comparison with DAP

DAP was prepared by a number of experts with teepporting team, used huge technical
and financial resources as well as time. So, itccbe deemed as a hypothetical experiment
to compare the DAP with this minor study. Howevénye follow the DAP report, around
9.16% of total planning area of Group-E has bedinekted for Urban Residential Zone. The
highly suitable area, according to this study, 3861of Group-E. Within this highly suitable
area, some portion of land would be allocated éadrnetworks and other civic facilities. In
that sense, treating this 13% area as urban resil@one shows a considerable result
comparing to DAP report. Again, it should be meméid that according to DAP report,
around 52% of Group-E planning area was proposeddserving as agricultural and flood
flow areas. In this study result, the low suitaddlea and not suitable areas are 52% of Group-
E area in together. The study suggests using @rese as agricultural use with minor use of
recreational services. Here, the result is simidaDAP’s proposition. At least, this 52% area
could be excluded from DAP preparation process$es, tcould minimize the resources use.
Then, it could be followed more focused developnm@ah to moderately suitable area and
highly suitable area, where minor study could beugh for highly suitable area as it already
have shown the suitability of residential use. &ith these thesis findings, it could be
suggested that GIS-based AHP could be a usefufeoairban land-use planning, where the
tool would assist the decision makers and planf@rgaking planning decision quickly,
within limited resources and in a consistent andicstired way. However, the thesis
suggested the land-use plan at a regional scdledb# be utilized successfully for structure

plan or similar strategic planning.

6.2 Conclusion

In this study, a geodatabase has been conceptlialifist for urban land-use planning using

UML model, where five broad themes; like administt& and planning boundary, land-use,
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physical and geological, utilities, community fée#ls and demography; were considered.
Such conceptual model has specified data requiresmemd database structure to prepare

land-use plan for DMDP that will enable the auttyord administer the land-use plan.

Then, this study prepared an urban land-use plamg SIS and AHP at a regional scale,
where data used was not in very detail. Such phgnapproach would be much helpful for
the planners to make structure plan and to addyet gtrategic planning. A regional planning
becomes successful when it can be integrated wighi the local level or detail level
planning. This research tried to validate its reglaurban planning approach with the Detail
Area Plan and found success in some of the cabésvalidation pronounces the suitability
of GIS-based AHP application in land-use planniBgch regional approach will select the
areas where more intensive development can be edlamd will identify the areas where
development control should be imposed. In this regntne specific areas could be chosen
for detail level planning, like DAP of DMDP, usirayailable data. As a result, entire works
would be minimized by reducing detail physical appographical survey for all over the city
region; more focused development could be promated; finally, financial and technical
resource uses could be minimized. However, furtesearch is necessary for getting more

justification in this regard.
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Appendix 1: Comparison Matrixes

Factor Matrixes

Expert 1:
L and-
use Physical/Geological | Utilities | Community Facilities
Land-use 1.00 2.00 7.00 8.00
Physical/geological 0.50 1.00 6.00 7.00
Utilities 0.14 0.17 1.00 2.00
Community Facilities 0.13 0.14 0.50 1.00
Expert 2:
L and-
use Physical/Geological | Utilities | Community Facilities
Land-use 1.00 2.00 5.00 7.00
Physical/geological 0.50 1.00 5.00 7.00
Utilities 0.20 0.20 1.00 2.00
Community
Facilities 0.14 0.14 0.50 1.00
Expert 3:
L and-
use Physical/Geological | Utilities | Community Facilities
Land-use 1.00 1.00 4.00 8.00
Physical/geological 1.00 1.00 4.00 8.00
Utilities 0.25 0.25 1.00 3.00
Community
Facilities 0.13 0.13 0.33 1.00
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Expert 4:

64

Land-
use Physical/Geological | Utilities | Community Facilities
Land-use 1.00 2.00 4.00 8.00
Physical/geological 0.50 1.00 3.00 8.00
Utilities 0.25 0.33 1.00 3.00
Community Facilities 0.13 0.13 0.33 1.00
Expert 5:
L and-
use Physical/Geological | Utilities | Community Facilities
Land-use 1.00 3.00 5.00 8.00
Physical/geological 0.33 1.00 3.00 7.00
Utilities 0.20 0.33 1.00 3.00
Community Facilities 0.13 0.14 0.33 1.00
Criteria Matrixes
Land-use
Expert 1:
Agriculture | Homestead | Residential | Vacant Land

Agriculture 1.00 0.25 2.00 0.33

Homestead 4.00 1.00 4.00 3.00

Residential 0.50 0.25 1.00 0.20

Vacant land 3.00 0.33 5.00 1.00
Expert 2:

Agriculture | Homestead | Residential | Vacant Land

Agriculture 1.00 0.20 2.00 0.17

Homestead 5.00 1.00 4.00 0.50

Residential 0.50 0.25 1.00 0.20

Vacant land 6.00 2.00 5.00 1.00




Expert 3:

Agriculture | Homestead | Residential | Vacant Land
Agriculture 1.00 0.17 2.00 0.14
Homestead 6.00 1.00 4.00 0.50
Residential 0.50 0.25 1.00 0.17
Vacant land 7.00 2.00 6.00 1.00
Expert 4:
Agriculture | Homestead | Residential | Vacant Land
Agriculture 1.00 0.20 3.00 0.20
Homestead 5.00 1.00 5.00 1.00
Residential 0.33 0.20 1.00 0.13
Vacant land 5.00 1.00 8.00 1.00
Expert 5:
Agriculture | Homestead | Residential | Vacant Land
Agriculture 1.00 0.17 2.00 0.20
Homestead 6.00 1.00 5.00 2.00
Residential 0.50 0.20 1.00 0.13
Vacant land 5.00 0.50 8.00 1.00
Utilities
Expert 1:
Road | Gas Supply | Electricity
Road 1.00 8.00 3.00
GasSupply | 0.13 1.00 0.25
Electricity 0.33 4.00 1.00
Expert 2:
Road | Gas Supply | Electricity
Road 1.00 9.00 2.00
Gas Supply 0.11 1.00 0.25
Electricity 0.50 4.00 1.00

65




Expert 3:

Road | Gas Supply Electricity
Road 1.00 7.00 2.00
Gas Supply 0.14 1.00 0.20
Electricity 0.50 5.00 1.00
Expert 4:
Road | Gas Supply Electricity
Road 1.00 7.00 2.00
Gas Supply 0.14 1.00 0.20
Electricity 0.50 5.00 1.00
Expert 5:
Road | Gas Supply Electricity
Road 1.00 6.00 2.00
Gas Supply 0.17 1.00 0.20
Electricity 0.50 5.00 1.00
Physical-Geological
Expert 1:
Elevation | Fault line
Elevation 1.00 2.00
Fault line 0.50 1.00
Expert 2:
Elevation | Fault line
Elevation 1.00 0.50
Fault line 2.00 1.00
Expert 3:
Elevation | Fault line
Elevation 1.00 0.50
Fault line 2.00 1.00
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Expert 4:

Elevation | Fault line
Elevation 1.00 0.50
Fault line 2.00 1.00
Expert 5:
Elevation | Fault line
Elevation 1.00 0.50
Fault line 2.00 1.00
Community Facilities
Expert 1:
School | Healthcare Centre | Bust Stop Market/Bazar | Park
School 1.00 5.00 7.00 4.00 8.00
Healthcare Centre 0.20 1.00 3.00 0.50 5.00
Bus Stop 0.14 0.33 1.00 0.25 3.00
M ar ket/Bazar 0.25 2.00 4.00 1.00 5.00
Park 0.13 0.20 0.33 0.20 1.00
Expert 2:
School | Healthcare Centre | Bust Stop Market/Bazar | Park
School 1.00 2.00 5.00 4.00 6.00
Healthcare Centre 0.50 1.00 3.00 3.00 4.00
Bus Stop 0.20 0.33 1.00 1.00 2.00
M ar ket/Bazar 0.25 0.33 1.00 1.00 2.00
Park 0.17 0.25 0.50 0.50 1.00
Expert 3:
School | Healthcare Centre | Bust Stop | Market/Bazar | Park
School 1.00 3.00 5.00 6.00 8.00
Healthcare Centre 0.33 1.00 3.00 4.00 6.00
Bus Stop 0.20 0.33 1.00 2.00 2.00
Mar ket/Bazar 0.17 0.25 0.50 1.00 1.00
Park 0.13 0.17 0.50 1.00 1.00
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Expert 4:

School | Healthcare Centre | Bust Stop | Market/Bazar | Park
School 1.00 3.00 6.00 5.00 7.00
Healthcare Centre 0.33 1.00 3.00 2.00 6.00
Bus Stop 0.17 0.33 1.00 0.50 2.00
M ar ket/Bazar 0.20 0.50 2.00 1.00 3.00
Park 0.14 0.17 0.50 0.33 1.00
Expert 5:

School | Healthcare Centre | Bust Stop Market/Bazar | Park
School 1.00 4.00 6.00 5.00 7.00
Healthcare Centre 0.25 1.00 2.00 2.00 6.00
Bus Stop 0.17 0.50 1.00 0.50 2.00
M ar ket/Bazar 0.20 0.50 2.00 1.00 3.00
Park 0.14 0.17 0.50 0.33 1.00
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Appendix 2: Factor and Criteria Weights

Factor Weight

Geometric Normalized
Factor Expertl | Expert2 | Expert3 | Expertd | Expert5 | Mean Value
Land-use 0.52 0.50 0.42 0.50 0.56 0.50 0.50
Physical/geological 0.35 0.35 0.42 0.33 0.28 0.34 0.34
Utilities 0.08 0.09 0.12 0.12 0.12 0.10 0.10
Community
Facilities 0.05 0.06 0.05 0.05 0.05 0.05 0.05
Sum 0.99 1.00
CriteriaWeight
L and-use
Geometric Normalized
Factor Expertl | Expert2 | Expert3 | Expert4 | Expert5 | Mean Value
Agriculture 0.12 0.10 0.09 0.09 0.09 0.10 0.10
Homestead 0.50 0.32 0.32 0.32 0.48 0.38 0.39
Residential 0.08 0.08 0.07 0.07 0.06 0.07 0.07
Vacant land 0.29 0.50 0.52 0.52 0.37 0.43 0.44
Sum 0.98 1.00
Utilities
Geometric Normalized
Factor Exeprtl | Exeprt2 | Exeprt3 | Exeprtd | Exeprt5 | Mean Value
Road 0.67 0.67 0.67 0.67 0.67 0.67 0.67
Gas
Supply 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Electricity 0.26 0.26 0.26 0.26 0.26 0.26 0.26
Sum 1.00 1.00
Physical-Geological
Geometric Normalized
Factor Expertl | Expert2 | Expert3 | Expert4 | Expert5 | Mean Value
Elevation 0.67 0.33 0.33 0.33 0.33 0.38 0.40
Fault line 0.33 0.67 0.67 0.67 0.67 0.58 0.60
Sum 0.96 1.00
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Community Facilities

Geometric | Normalized
Factor Memberl | Member2 | Member3 | Memberd | Member5 | Mean Value
School 0.53 0.46 0.51 0.51 0.53 0.51 0.52
Healthcare
Centre 0.15 0.27 0.26 0.23 0.20 0.22 0.22
Bus Stop 0.07 0.10 0.11 0.08 0.08 0.09 0.09
Market/Bazar 0.21 0.11 0.06 0.13 0.13 0.12 0.12
Park 0.04 0.06 0.06 0.05 0.05 0.05 0.05
Sum 0.98 1.00
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Series from Lund University

Department of Physical Geography and Ecosystemm&eie

Master Thesisin Geographical Information Science (LUMA-GIS)

1. Anthony LawtherThe application of GIS-based binary logistic resgien for
slope failure susceptibility mapping in the Westé&snampian Mountains,
Scotland. (2008).

2. Rickard Hansen:Daily mobility in Grenoble Metropolitan Region, Fee.
Applied GIS methods in time geographical reseg(2008).

3. Emil Bayramov:Environmental monitoring of bio-restoration adiie$ using
GIS and Remote Sensing. (2009).

4, Rafael Villarreal PachecoApplications of Geographic Information Systems
as an analytical and visualization tool for masa estate valuation: a case
study of Fontibon District, Bogota, Columbia. (2009

5. Siri Oestreich Waagea case study of route solving for oversized trartsp
The use of GIS functionalities in transport of sfmmmers, as part of
maintaining a reliable power infrastructure (2010).

6. Edgar Pimiento:Shallow landslide susceptibility — Modelling andlidation
(2010).

7. Martina Schafer:Near real-time mapping of floodwater mosquito bregd
sites using aerial photographs (2010)

8. August Pieter van Waarden-Nagehnd use evaluation to assess the outcome
of the programme of rehabilitation measures for ther Rhine in the
Netherlands (2010)

9. Samira MuhammadDevelopment and implementation of air quality datart
for Ontario, Canada: A case study of air qualityOntario using OLAP tool.
(2010)

10. Fredros Oketch OkumuJsing remotely sensed data to explore spatial and
temporal relationships between photosynthetic prtdity of vegetation and
malaria transmission intensities in selected pafrisfrica (2011)

11. Svajunas PlungeAdvanced decision support methods for solving udidf
water pollution problems (2011)
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13.

14.

15.

16.

17

18

19

20

21

22

23

24

25

Jonathan Higgins:Monitoring urban growth in greater Lagos: A casedg
using GIS to monitor the urban growth of Lagos 1998008 and produce
future growth prospects for the city (2011).

Marten Karlberg: Mobile Map Client API: Design and Implementatiorr fo
Android (2011).

Jeanette McBride:Mapping Chicago area urban tree canopy using color

infrared imagery (2011)

Andrew Farina:Exploring the relationship between land surfaceperature
and vegetation abundance for urban heat islandyatiibn in Seville, Spain
(2011)

David Kanyari Nairobi City Journey Planner An online and a Meb
Application (2011)

Laura V. Drews: Multi-criteria GIS analysis for siting of small wdnpower
plants - A case study from Berlin (2012)

Qaisar NadeemBest living neighborhood in the city - A GIS baseudlti
criteria evaluation of ArRiyadh City (2012)

Ahmed Mohamed El Saeid Mustaf2zevelopment of a photo voltaic building
rooftop integration analysis tool for GIS for DokKiistrict, Cairo, Egypt
(2012)

Daniel Patrick Taylor Eastern Oyster Aquaculture: Estuarine Remediatian
Site Suitability and Spatially Explicit Carrying @acity Modeling in
Virginia’'s Chesapeake Bay (2013)

Angeleta Oveta Wilson:A Participatory GIS approach tanearthing
Manchester’s Cultural Heritaggold mine’(2013)

Ola SvenssonVisibility and Tholos Tombs in the Messenian Latajse: A
Comparative Case Study of the Pylian Hinterlandd te Soulima Valley
(2013)

Monika Ogden:Land use impact on water quality in two river systein
South Africa (2013)

Stefan RovaA GIS based approach assessing phosphorus loadtimpaake
Flaten in Salem, Sweden (2013)

Yann BuhotAnalysis of the history of landscape changes ovegraod of 200
years. How can we predict past landscape pattemasio and the impact on
habitat diversity? (2013)
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27

28

29

30

31

32

33

34

35

Christina Fotiou: Evaluating habitat suitability and spectral hegemeity
models to predict weed species presence (2014)

Inese LinuzaAccuracy Assessment in Glacier Change Analysis4201

Agnieszka GriffinDomestic energy consumption and social living stads: a
GIS analysis within the Greater London Authoritga2014)

Brynja GudmundsdéttiDetection of potential arable land with remote s&ms
and GIS - A Case Study for Kjosarhreppur (2014)

Oleksandr NekrasofProcessing of MODIS Vegetation Indices for analysdis
agricultural droughts in the southern Ukraine betwehe years 2000-2012
(2014)

Sarah TressdRecommendations for a polar Earth science portal
in the context of Arctic Spatial Data Infrastrue{2014)

Caroline GevaertCombining Hyperspectral UAV and Multispectral Fasat-
2 Imagery for Precision Agriculture Application$(2}).

Salem Jamal-Uddeen Using GeoTools to implement the multi-criteria
evaluation analysis - weighted linear combinaticodel (2014)

Samanah Seyedi-Shandichematic representation of geographical railway
network at the Swedish Transport Administrati{@914)

Kazi Masel UllahUrban Land-use planning using Geographical Inforomat
System and analytical hierarchy process: case fdbdia City (2014)
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