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ABSTRACT
Effective urban land records management is one of the most important elements to be
considered in the context of umbalevelopmentAll the elements for effective development
depend upon an effective records management infrastruddost of the Ethiopian urban
centres lack a comprehensive and well organized archiving system for the land r@émrds.
Werabe town municipality 2018d 2019annual and land inventory report documents stated
that in the town land records management system are still dependent on bl agethods
of creating and maintaining the land recordBue to lack of proper land records
management, poor recordsegng, the poor inventory of land records, inadequate update of
land information hasresulted the problems such as)creases he chance to a bad
managemengcquisition, the manipulation of registration information, cumbersome technical
and administrativgprocesses, affect property transactions, violation of planning and building
regulation, overlapping allotment of land, missing archive files and development of land
related corruption ae amongst some of the problemshis study would develop a
gealatabag modelusing ArcGlSsoftwareto retrieve, updte and store the required datBhe
desigred model is validated antksted via sample data which can store, retrieve, and update
the required data as per the user ragunent. Developing this type ofban lard records
management system, therefore, facilitates and increases the efficidany cegistration and
relatedactivities at the municipality level. Thendke townwould be satisfied by the service
delivery of themunicipality. Furthermore, any spatiaand nonspatial dcata related with the
system calve stored in the database which will be ready for more analysis as to be able to use
by policymakersurban planners for the purpos# sustainable development of urban area
infrastructural developments and land use polidyhe reseech will lay ground for another
task to develop 3D modelling fahe study areathereby contributes to spatial data

infrastructure development to Ethiopia

Key Words:GIS; Land Record Management; Geodatabase Design



CHAPTER ONE
1. INTRODUCTION
1.1. Background of the study

The importance of land to the growth and survival of man can hardly be overemphasized.
Land is indeed a very crucial resource to man as it provides the base for all developmental
activities(Akeh, 2016. Land as an asset is unique because it is immovidblealue depends
on its location and with growing population, and its demand keeps increasing, while its supply
is limited. Access to land (or land rights) has a wiaeging impact on livelihoods, industrial,
economic, and social growtMishra, Suhag 2017). Most cities and their surroundings have
been expanding rapidly with the increasing rate of urbanization. With this rapid expansion,
manual recorékeeping has become inefficient, the vast amount of data is often daunting; time
consuming and prone tobases; which warrants the need for a better system of land
administration and management practices (lbrahim & Mansir, 2QHek of proper land
records, poor records keeping and inefficient judiciary makes concerning system vulnerable to
high loss and itslemands a system that keeps the accurate record of landnaked it

available in time Manjusha,Saharkar2, 2017).

Land records management deals with the detailed documentation in the form of survey,
recording, processing, description and dissenovnatif information about ownership, value,

use of land and its associated resources in support of land markets. All the elements for
effective development depend upon an effective records management infrastructure
(Aggarwd, 2014) Effective urban land records management is one of the most important
elements to be considered in the context of urban developidest, 015). As land holds
importance in many spheres, it is required to have a system to gather, distribute and update
information of land records Manjusha, Saharkar2, 2017)Without reliable registers,
transaction in land is often costly, time consuming, and uncertain. It is normally necessary to
establish the fact that the reputed owner and trustee actually haveahegets to deal with

the property. Another difficulty being faced by many developing countries due the absence of
the proper land records is the real land market. The reason may be unclear delimitation of

individual or group rights, insecure ownershiz,. €Ali, Shakir, 2014)



Most cities and their surroundings have been expanding rapidly with the increasing rate of
urbanization. With this rapid expansion, manual red¢@eping has become inefficient, the
vast amount of datas ioften daunting; time consuming and prone to abuses; which warrants
the need for a better system of land administration and management practices (Ibrahim &
Mansir, 2010). Lack of proper land records, poor records keeping and inefficient judiciary
makes oncerning system vulnerable to high loss and its demands a system that keeps the
accurate record of lands amdakes it available in timeManjusha, Saharkar2, 2017)lts
modern administration applying a spatial database system, therefore, is mandhtory.
development of digital land records systems, and in fact, all digital cadastre related ggstems,
never a mere IT task. Where land registration has h@edlominantly papebased,
preconditions must be met before the digitalisation and syd&mlopmentan reasonably

start (Helsinki 2017)

As is the case in many other African countries, the land records in Ethiopia is mostly kept in
paper format and the information is generally unorganised, duplicated edateot
(Gertrude_Pieper 2017Most of the @y, urban land management, in Ethiopia is finding it
increasingly difficult to cope with the demand for registering the process of land transactions
as well as the rapidly changing patterns of land use associatedheitaccelerated urban
growth. As a result of this, a number of other problems, such as inability to increase their
revenue base, distortion of urban land market and delays in the implementation of urban
development projects emerge. Moreover, the absence of reliable information especially land
related is the most crucial impediment for the preparation and implementatioraof plams

in many urban centrg¥ehun, 2017).

The government of Ethiopia had been planning for the development of a national urban real
property registration and informian system (URPRIS) for some time, but an efficient land
registration system could only be implemented when the existing situation had been clarified
and the paper records had been digitig€etrtrude Pieper 2017)Currently, the most
practicing system teegister urbamand information is manual, mch ishindered byenormous
drawbacks for the management of the urband administration The experience in
implementing the SAR in cities such as Addis Ababa, Hawasa, Adama, HosanaB&udo,

Dar, Dessie, BbireMarkos, ArbaMinch, Dilla, Gonde, DebireBirhan, DireDawa and



Combolcha demonstrated that an existing paper file mamagedigitizing program must be
implemented in cities prior to SAR according to Ethiopian Land Admatish Domain
Model (ELADM) standardTula2019)

Recently, new capabilities for data collection and processing, together with expanding
requirements of users, have directed attention to the need for improved land Records
management strategieBdtil 2014). Geographic Information System (GIS) therefore presents
itself as a robust, reliable and versatile technology that can be used igimgalaad records
(Akeh, Mshelia 2016).Geographical Information Systems (GIS) have the strength to handle
large sés of georeferenced spatial data in a digital mariftee. four components of a GIS are

data capturing & preparation, data management, data manipulation & analysis and data
presentation(Oud, 2017) Geographic Information Systems (GIS) have been usedriouga

fields and disciplines t@ummarize and analyse spatial patterns and distributionghé
purpose of understandifgpw geographic and negeographic entities interact widach other

over space and tim@&tephanie R. & Benno Stau2013).

As GIS ard associated technologiesture and more tlabecome available in compuferm,

the use of @ for integrating landelateddata becomes more p@rtune. Increased openness

and integratiorof data are, however, more ththnical issues andeapften see as a threat
ratherthan as an opportuniffpale andMiclaren. GIS platform offers in management of land
records system over the present automated methods. Timely and easy access to accurate
information on land records will facilitate easier, faster and more effective decision making. It
will benefit all the stake hders including land owners, planners, policy makers and land
administrators by the improved, effective and efficient methodology of land records
management offered by GIS platforrRdtil 2014).

Land records information has always been a vital part @fl lgevernment operations, though
historically undervalued and underused. To address this, ESRI developed the ArcGIS for Land
Records solution, which uses common implementation patterns to form a complete geographic
information system (GIS)or land recorsl GIS is an effective toollhe ArcGIS® for Land
Records solution is a complete geospatial platform for land records management. It is a
modern,commercial offthe-shelf softwaresolution that provides open, standaldsed tools

for implementing a sustaable, coseffective solution to common local government land

3



records challenges (Esri 2014Yhus, this study undettake to give the possible
recomendtons about land records managemdyt developing GIS-Based Geodatabase

model forthe Worale town.

1.2. Statement of the problem
Most urban centres of Ethiopia have not been able to manage their scarce land resources
through installing up to date land inventory as a prerequisite for proper land development and
introduction of fultfledged legal cadastre systemll plots of land are not registered and
hence there is no adequate database on urban land resource which is, indeed, the basis for
almost all types of developmeintervention Lack of proper land records, poor records
keeping and inefficient judiciary mak concerning system vulnerable to high loss and its
demands a system that keeps the accurate record of lands and makes it available in time
(MoUDH 2016). Most of the Ethiopian urban centres lack a comprekensind well
organized archivingystem for thdand records. The files containing the documents d la
parcels are poorly organized the city archives. In some cases, even the basic documents as

thoseshowing the rights on the lade missing from the filegrehun, 2017).

The Werabetown municipalty 2018 & 2019 annualland inventoryreport documentsalso
statedthat in the townland records management systame still dependent on the agkl
methods of creating and maintaining the land recdbde to lack of proper land records
management, pooecords keepig, the poor inventory of land records, inadequate update of
land information has resulted the problemssuch as; increases the chance to a bad
managementacquisition,the manipulation of registration information, cumbersome technical
and administrative processedfect property transactionsiolation of planning and building
regulation, overlapping allotment of land, missing archive files and development of land

relaied corruptiorare amongst some of the problems.

In the Werabetown a current land records management praet®eshows: absencef avell-

designed gedlatabasethere is no link between descriptive infuation and the spatial
location surveys to updateahd records have not been undertaken or completed, and maps
have not been used to establish actual property boundaries on the ground. Therefore, in several
records, the property documents do not match the position on the gidheiies whereby

their loation cannot be identified and they cannot be represented spafidén landholding

4



filing and file management system in the record offices are also very traditional and in poor
condition. Landholding files are not in a secured condition and hencexising file
management system is exposed to different risks like inaccessibility, disappearance and loses
of files. It becomes difficult and cumbersome to access land records and has not been updated.
Hence, discrepancies are often noted in the laedrds. In general this system of manual
surveys, noruniform structures of record of rights, and a hard copy register create challenges
to meet the objective of being an efficient ombus,this paperan attempt to closely evaluate

the existingland reord managemerdndthe adoption of geospatial techniques efficient

and effective urbaland records management

1.3. General and specific objectives of the study

1.3.1. General objective

To develop geodatabasedel forurban land records managemantWerabetown.

1.3.2. Specific Objectives
To achieve the general objective, the study has following specific objectives:

1 To evaluate the existing urban land records managem

1 To illustrate requirements for urban land records management geodatabase model.
1 To design urban land records management geodatabase model.
1

To test the effectiveness of the developed geodatabase model.

1.4. Research questions

1 What looks like thexisting laml records management practicgéhetown?

1 What are the requirements to fulfillemeeds of the town municipality?

1 Which possibladesignis effective to develoan improved comprehensive urban land
records managemegeécdatabasenodel?

1 Which data are suitable test the effectiveness of the developed geodatabadel?

1.5. Significanceof the Study
Effective urban landrecords managemenis one of the most important elements to be
considered in the context of urban developmdtis this study under taken to give the
possiblesolutions about land records manageman¥Werabe town, itcreates database and
using for land records management. In additiohelps the townadministratorsto make
5



rational judgment about thiand recordsand eventually it contributes for its betterment. It
may also be taken as a data source for further stadighis field. It is obvious that the

researcher acquired more knowledge on the field throughout the process of the .research

1.6. Scope of study
The studyinvolves development of a comprehensgendatabase model for theban land
records managementin the Werabe own based on the data with land parcel as the
fundamental unit and plot number as the primary key. The study also tried to have looked at
the landrecords managemeptactice of the town. But for the sake of the reliability of the
study, the systenof land registration currently in place and its associated challenges are

investigated.



CHAPTER TWO
2. LITERATURE REVIEW

2.1. Introduction
This chapter gives an theoretical review and empirical review overview of some important

aspects such as significance of land, land administration system, land information system, land
records management in Ethiopia and steps in geodatabase designfgnadedimg others,
which are exploited in coming up with this study using data on land and land ownership to

attainthe set objectives. The details are under:here

2.2. Theoretical Review
2.2.1. Significanceof Land
Land as an asset is unique because it is immovablalite depends on its location and with

growing population, and its demand keeps increasing, while its supply is limited. Access to
land (or land rights) has a wigdlanging impact on livelihoods, industrial, economic, and social
growth(Practkee,Suhag2017). Land is indeed a very crucial resource to man as it provides the
base for all developmentalctivitiess Hence | and plays the most c
progress anywhere in the woildggarwal,2014)Land i s at the core of
and & such it is essential to device methods for improving its management
(Kurwakumire2014) In most countries of the world, land constitutes a substantial portion of a
nato n 6 s (Akeh,l,2016) One of the most essential components ofshe&ceconomic

asset for Ethiopia is land, publgroperty and not subject to sale, which is unbendingly
administered ah used mostly in the urban ar@sbraham Kelilo Tulal, 2019As land holds
importance in many spheres, it is required to have a system to gath@outiisaind update
information of land recorddNowadays; everybody needs more detailed land information than

it has been traditionallgvaiable (Dhotel, Saharkar2017)

2.2.2. Land administration Systems
Land administration is the way rules of land tenureag@ied and made operational. There is

great variety in the way land administration is implemented globally but typically land
administration includes the functions of surveying and mapping, registration of progetsy

and property valuatiorfDutta, 2013). Land administration essentially entails a number of
processes meant at ensuring that land rights are properly delineated and recorded. It involves

all those processes whereby information relating to land ownership, land use andllend



are properlydocumentedAkeh, 2016) Most of the time landadministration respwsibilities

are dealt with landlelivering and trasferring building permit, antenure administrain and
documentationTulal, 2019) Sound land administration systems linked to geosbadita
deliver a range of benefits to society in terms of: support of governance and the rule of law;
alleviation of poverty; security of tenure; support for formal land markets; security for credit;
support for land and property taxation; protectiontateslands; management of land disputes;

and improvement of land use plannexgd implementation (UN2015.

2.2.3. Land Information System
A Land Information System (LIS) is a computerized tool foralegadministrative and

economic decision makin@Pindiga,2012). A land information system (LIS) is a computer
based information system that enables the input, management, analysis, output and
dissemination of spatially referenced, land parcel based data and information at mainly large
(mapping) scales(Hirsi, 2015). Geospatial/land information and its management are
fundamental to successful land administration and the derived benefits to the economies and
overall sustainable development of natigBgperts 2015).When data in the GIS is related to
various quantative and qualitative aspects of land resource, it is termed as Land Information
System (LIS). LIS is most often based on the ownership, management, and analysis of portion
of the earth most frequently of interest to hunfdahrin,Rahman)Due to rapidurbanization

in Ethiopia, land datasets grow ever larger as populations expand and need for land

information in support of development becomes ever more u¢gtist 2019)

2.2.4. Cadastral System
A cadastre is a complete and-tgedate official register ormiventory of land parcels in any

state or jurisdiction containing information abohé tparcels regarding ownershymluation,
location, area, land use and usually buildings or structures thddhamson) The
International Ederation of Surveyors (FIG, 1995) deBhe a cadaster and a
up-to-date land information system containing a recordindérests in land (e.g. rights,
restictions and responsibilitiegHirsi, 2015) A cadastre is normally a gl basedand up
to-date landnformation system containgna record of interests in larfe.g. rights, restrictions
ard responsibilities). It usuallycludes a geometric desgtion of land parcels linked wther
records describinghe nature of the interestsetbwnership or control of those interesasd

often the valuef the parcel and its improvemerftsraheem, 2012)The understanding of the

8



cadastre and its potential has been continually altered due to dynamic humankind to la
relationship and the consequent development of the cadastral s8encet,2011).

2.2.5. Land Records Management
Land records management deals with the detailed documentation in the form of survey,

recording, processing, description and disseminatiomfofmation about ownership, value,

use of land and its associated resources in support of land markets. All the elements for
effective development depend upon an effectiveondx management infrastructure
(Aggarwal, 2014) Effective urban land recordsamagement is one of the most important
elements to be considered in the context of urban develog#®I, 2015). As land holds
importance in many spheres, it is required to have a system to gather, distribute and update
informationof land records (Dhetl, Saharkar2, 2017)Vithout reliable registers, transaction

in land is often costly, the consuming, and uncertainidtnormally necessartyp establish the

fact that theeputed owner and trusteetually have the legal rights deal with the property
Another difficulty being facedy many developingauntries due the absence of {h@per

land records ishie real land market. The reasaray be unclear delimitation of individual or

group rightsjnsecure ownership, et¢ALl, Shakir, 2014)

Most cities and their surroundings have been expanding rapidly with the increasing rate of
urbanization. With this rapid expansion, manual redaeping has become inefficient, the
vast amount of data is often daunting; time consuming and prone to abhsgs,warrants

the need for a better system of land administration and management practices (Ilbrahim &
Mansir, 2010). Lack of proper land records, poor records keeping and inefficient judiciary
makes concerning system vulnerable to high loss and itsrilsmea system that keeps the
accurate record of lands and makes itilaiée in time Dhote Saharkar 2017).lts modern
administration appging a spatial database systetinerefore, is mandatorydowever, most
municipalities are challenging in thadministation of the land which is severelgcking
consistent and autaated land record systems whichturn result in a lackf transparency to

the citizen.This potentially €ads to corruption and informakttlement(Tulal, 2019) The
development of digitdbnd records systems, and in fact, all digital cadastre related sysgems,
never a mere IT task. Where land registration has hmewdlominantly papebased,
preconditions must be met before the digitalisation and sydemlopment can reasonably
start (Helsinki 2017)



2.2.6. Land Records Management in Ethiopia
As is the case in many other African countries, the land records in Ethiopia is mostly kept in

paper format and the infoation is generally unorganisedjuplicated or outlated
(Gertrude_Pieper 2017Most urban centres of Ethiopia have not been able to manage their
scarce land resources through installing up to date land inventory as a prerequisite for proper
land development and introduction of flikdged legal cadastre systeAll plots of land are

not registered and hence there is no adequate database on urban land resource which is,
indeed, the basis for almost all types of developmetdrvention. Lack of proper land
records, poor records keeping and inefficient judiciary makes concerning sydtearable to

high loss and its demands a system that keeps the accurate record of lands and makes it
available in time MoUDH 2016) Most of the Ethiopian urban centres lack a comprekensi

and well organized archivingystem for the land records. Thée$ containing the documents

of land parcels are poorly organized the city archives. In some cases, even the basic

documents as thostowing the rights on the lamale missing from the file&rehun, 2017).

The government oEthiopia had been plannirfgr the development of a nationalban real
property registratiorand information system (URPRIS) for some time, but an effidamd
registration system couldnly be implemented when the existing situation had beeffiethr

and the paper records hdmkben digitised(Gertrude Pieper 2017)Currently, the most
practicing system to register urban land information is manual, which is hindered by enormous
drawbacks for the management of the urban land administration. The experience in
implementing the SARni cities such as Addis Ababa, Hawasa, Adama, Hosana, Sodo; Bahir
Dar, Dessie, Debir#larkos, ArbaMinch, Dilla, Gonder, Debird®irhan, DireDawa and
Combolcha demonstrated that an existing paper file management digitizing program must be
implemented in cies prior to SAR according to Ethiopian Land Administration Domain
Model (ELADM) standard Kebede Alexiussantion2019.

According toTulal, 2019the existing lad information management systemEthiopia can

be generally identifieds: The existingmanual paper land registration system does not have
secured access for different types of users and the data cannot be easily pexcessdtie
required objectivesinformation flow among different departments is restricted tmumal
information, This hinders the time and manipulation of dafde organized data recorded on

paper does not have a basic relation between different data types (spatial -spdtradrdata
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type), The existing system does not allow important and immediate informaioavaland
report generationPaper recorded data is not aniged to attain data integrityRarcel
identification is kept in unorganized ways which prevents the acquisition of parcel information
related with other spatial and nepatid data and Data exchangeamong different

departments about land registration is not consistent and standardized.

2.2.7. General Conceptsof Geographiclnformation Systems(GIS)

GIS, technology began in the 1960s, computer systems based on hardware, software, and
georeferencedata that can be used to collect, store, manage, process, analyse, and visualize
both spatial and nesgpatial information representingeatworld geographic phenomena
(Mitasova, 2008Rogers &Staub, 2013).GIS is a system of hardware and software used f
storage, retrieval, mapping, and analysis of geographic data. Spatial features are stored in a
coordinate system (latitude/longitude, state plane, UTM, etc.), which references a particular
place on the earth. Descriptive attributes in tabular form sseceéated with spatial features
(Harris, 2014) A GIS provides a framework for gathering and organizing spatial atada

related information so that it can be displayed and anal¢iS8&RI, 2018).Recently, new
capabilities for data collection and procesgsitogether with expanding requirements of users,
have directed attention to the need for improved land Records management strategies (Yuvraj
M. Patil 2014). Geographic Information System (GIS) therefore presents itself as a robust,
reliable and versatileechnology that can be used in ragimg land records (AkelMshelia

2016).

Geographical Information Systems (GIS) have the strength to handle large sets of
georeferenced spatial data in a digital manfdre four components of a GIS are data
capturing & preparation, data management, data manipulation & analysis and data
presentatior{fOud2017) GIS technology is having capability of capturing, storing, analysing
and displaying geographically referenced information whichmeeded in present scenario
(Dhotel, Saharkar2017) Geographic Information Systems (GIS) have been usedriouga

fields and disciplines t@ummarize and analyse spatial patterns and distributionghé
purpose of understandifgpw geographic and negeographic entities interact Wwieach other

over space and tim@&tephanie &taul 2013).
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As GIS and associated technologmature and more tlabecome available in computerm,

the use of @ for integrating landelateddata becomes more p@rtune. Increased openness
and integratiorof data are, however, more thithnical issues andeapften seen as a threat
ratherthan as an opportunify? FDale andR aMclaren. GIS platform offers in management

of land records system over the presaotomatedmethods. Timely ah easy access to
accurate information on land records will facilitate easier, faster and more effective decision
making. It will benefit all the stake holders including land owners, planners, policy makers
and land administrators by the improved, effecane efficient methodology of land records
management offered by GIS platfo(fatil, 2014)

Land records information has always been a vital part of local government operations, though
historically undervalued and underused. To address this, ESRI dedel@ArcGIS for Land
Records solution, which uses common implementation patterns to form a complete geographic
information system (GIS)or land records GIS is an effective todbhe ArcGIS® for Land
Records solution is a complete geospatial platformldnd records management. It is a
modern,commercial offthe-shelf software solution that provides open, standdrased tools

for implementing a sustainable, castective solution to common local government land

records challenges (Es#014).

2.2.8. Geodatebase Model

A database is a collection of one or more data files or tables stosedtractured manner,
such thatinterrelationships which exist between items or sets of data can be utilized by the
database management system (DBMSjtware for manipulation and retrieval purposes
(Healey, 1991)The GIS database is simila the conventional databastowever, the ability

of the GIS database to store, manipulate, retrieve and display spatigli.eataaps) in
addition to thenormal functions bthe conventional database is the main characteristics that
sd it apart from other databas@dusa& Zemb3g.

A geodatabase is a geographic database hosted inside a relational database management
system providing services for managing geographic dath, as; advanced editing features,
validation rules, spatial database relationships, and topological associBeoijemin, 2008)
Geodatabase can be simple and hold basic information about a place, or very large and

conpl ex with varying information, | ayers, ffea
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It is the primary data format to edit and manage geospaf@mation used in a GIS (Ellis
2019).A geodatabases the collection of different geographic datasets within a common file
system that can be used to store, query, and manipulate spatial data. The geodatabase stores a

spatial reference system, attributes, geometry, and behavioural rules for data (E8RI, 20

A geographic data model is an abstract digital representation efoelal features. It provides
the framework that allows spatial information to be aatmly represented and analysed
(Spring 2009). The geodatabase model implements smarter behé@veouri nt o f eat ur e s
them realistic to the realorld scenarios and easier to edit and manage. These advanced
geodatabase features include attribute domains, subtypes, relationship classes, topology,
geometric networks, and versionifippmlinson, Roger2007) ESRI identifies three types of
geodatabases; File geodatabdsssored as folders in a file system, Personal geodatabases
datasets arstored within a Microsoft Access data file, and Enterprise geodatab&sesvn

as multiusegeodatabased.he study willnot discuss all type of geodatabases, instead focus

on file geodatabasefg solely needed for the study.

Table 1 Table 1 Comparing the three types of geodatabase

Key Enterprise geodatabase File geodatabase Personal
characteristic geodatabase
Description A collection of various type{ A collection  of| Original data forma
of GIS datasets held as tabl varioustypes of GIS| for ArcGIS
in a relational database (Th datasets held in a fil geodatabases stors
is the recommended nati\ system folder. (Thig and managed i
data format for ArcGIS store| is the recommende Microsoft Access
and managed in a relation native data forma data files. (This s
database.) for ArcGIS stored limited in size ang
and managed in a fil| tied to the Windowsg
system folder.) operating system.)
Number of| Multiuser: many readers ar| Single user and smg Single user and sma
users many writers workgroups:  many workgroups with
readers or one writg smaller datasets
per feature datase some readers and ol
standalone featurd writer.  Concurrent
class, or table use eventually
Concurrent use @ degrades for larg;
any specific file]| numbers of readers.
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eventually degrade
for large numbers o
readers.

Storage 1 Oracle Each dataset is | All the contents in
format 1 Microsoft SQL Srver | separate file on disk each persone
1 IBM DB2 A file geodatabase i| geodatabase are he
1 IBM Informix a file folder that in a single Microsoff
1 PostgreSQL holds its dataset fileg Access file (.mdb).
Size limits Up to DBMS limits One TB for each Two GB per Access
dataset. Each fil{ database. Thi
geodatabase can hg effective limit before
many datasets. The| performance
TB limit can be| degrades is typically
raised to 256 TB fo| between 250 and 50
extremely largg MB  per  Access
image datasets. Ea( database file.
feature class ca
scale up to hundrec
of millions of vector
features per dataset.
Versioning Fully supported across g Only supported as | Only supported as
support DBMSs; includes crosy geodatabase fg geodatabase fq
database replication, updat clients who posjclients who pos]
using checkout and chie@n, | updates using updates usig
and historical archiving checkout and cheel checkout and cheek
in and as a client t{ in and as a client t
which updates can i which updates can b
sent using on&vay | sent using onaay
replication. replication.
Platforms Windows, UNIX, Linux, and Crossplatform. Windowsonly.

direct connections to DBMS
that can potentially run o
any platform on the user
local network

Security and

Provided by DBMS

Operating file systen

Windows file systenm

permissions security. security.
Database Full DBMS functions for| File system Windows file systen
administration| backup, recovery, replicatiol management. management.

tools

SQL support, security, and §
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on

Notes Requires the use of ArcSD You can optionally Often used as 4
technology; store data in a read attribute table
ArcSDE for SQL Serve| only compresse( manager (vig
Express included with format to reducq Microsoft Access),
1 ArcGIS Desktop| storage requirementj Users like the string
Standardand Desktop handling for text
Advanced attributes.

1 ArcGIS Engine
1 ArcGIS Enterprise
Workgroup
1 ArcSDE for all other
DBMSs included with
ArcGIS Enterprise

2.2.8.1. File Geodatabases
The file geodatabase provides a widely available, simple, and scalable geodatabase

solution for all users that can work across operating systems. It can scale up to
handle very large datasets and still provide excellent perfoemBile geodatabasedso
allow users to compress vector data to a realy format that further reduces

storageaequirementgEsri, 2018)

File Geodatabase Structure/When to use Feature DatasefSeodatabaseme databases for

storing feature classes, raster data, tabular data, tools for processing data, and other related
el ements for defining datads b e hdaectorpwithin A f e
a geodatabase to store feature classes kBmepts governing spatial behaviour. Feature
datasets can be used to organise data, however, they also apply their spatial properties to their
contents. All feature classes in a feature dataset will have the same projection, XY tolerance,
and XY resolutionlt is a good idea to store feature classes within a feature dataset to ensure
that all feature classes share the same projection. It is required to store feature classes inside a
feature dataset for applying topology rules to feature classes. All patiingj feature classes

in a topology element must be stored in the same feature dataset. Tabular data, raster data, and
toolboxes are stored at the base geodatabase level and castuoetenside a feature dataset

(Esri, 2018).
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2.2.9. GeadatabaseDesignSteps

Database design and creation is one of the fundamental processes in every GIS work executed.
It is the process by which real world entities and their relationships are analysed and modelled
in order to solve specific problems and find solution to questdristerest. A database is
designed to service the need of a group of users. Such needs are called the information needs
of the users or the user requirements. The heart of a geographic information system-is a well
structured database i.e. spatial datab@atabase design is the process of identifying the data

that will go into the GIS database and how it will be represeAtggo-database development
process includes conceptual, logical, and physical design phases. Each of those phases ends in
the creabn of a product called a database model, i.e., a structural representation of some
portion of the world. A database model is used to populate a dat&@i&edesign involves
organizing geographic information into a series of data thérnegers that can bmtegrated

using geographic location. So it makes sense that geodatabase design begins by identifying the
data themes to be used, then specifying the contents and representations of each thematic layer
(Zeiler, 2004)

Geodatabase used to organize gedgcapata into a hierarchy of data objects; those data
objects are stored in feature classes, object classes, and feature datasets. A feature class is a
collection of features with the same type of geometry and the same attribute. An object class is

a tablein the Geodatabase that stores -spatial information and a feature dataset is a
collection of feature classes that share the same spatial reference. Feature classes that store
simple features can be organized either inside or outside a feature datagde feature

classes that are outside a feature dataset are called standalone feature classes. Feature classes
that store topological features must be contained within a feature dataset to ensure a common

spatial reference (Sherbrooke, 2008).

According b (HIRSI, June 2015)Database design is the process of identifying the data tha
will go into the GIS databasand how it will be represented. The database forms the
foundation of all activities thawill be performed usinghe GIS, such as map creation, data
retrieval and spatial analyssnd modelling A good database design results in a well
constructedfunctionally and operationallgfficient database that:

I. Satisfies user requirements and objectives
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ii. Contains all necessadata but no redundant data unless some is explicitly planned for
and properly documented.
iii. Has efficient data structures and retrieval mechanisms
iv. Supports maximum data sharing
v. Accommodates different user views of the data
vi. Is easy to update and maintain
vii. In summary, the process of database design consists of the following steps: Needs
assessment, Conceptual design, Logical design, Physical design, Pilot implementation,
and Fullimplementation and Operational GIS database.
A. Conceptual Design of the Database btel
According to ESRI, 2018he objective is todetermine the basic entities, the spatial
relationships among the entities and the attributeagh entity that support the process and
application for which the database is design€dnceptual design is a modeling of the
projected system that is independentnoplementation of the data method that is to be used
for the conceptual modeling and it mestable analyst to express the structure of information
in the system (data type anelationship). It is an arrangemesfthuman conception of reality
and is decided by theuman on how to present it in a simpler manner but still will satisfy
information required othe GIS concernedlhe products of a conceptual design stage in
databaselesign helps analysts and stakeholders carry out a discussion about what is the intent
and meaning of the data that is needed to derive information, placing that information in the
context of evidence and knowledge creati
Identify the information products or the research question to be addressedo the best
information available, identify the information products that will be producedh wie
application(s) A GIS data designer/analyst would converse with situation stakeholders about
the information otcomes to appear in the product, rather than guess at this. Sometimes such
guestions are called Aneed to know questions
knowo about the geographical deci si ominsi tuat
information, evidence, and/or knowledge? What information is not available that should be
available in order to accomplish work tasks related to decision situations? What changes
(processes) in the world are important to the decision situation? &kh#he decision tasks?

Those are the information requirements.
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Identify the key thematic layers and feature classesA thematic layer is a superclass of
information, commonly consisting of a dataset(s) and perhaps several feature classes (hence
feature &yers), convenient for human conversation about geographic data. For each thematic
layer, specify the feature classes that compose that thematic layer. For each feature class
specify the data sources potentially available, spatial representation ofafise atcuracy,
symbolization and annotation to satisfy thedelling query and or map product applications.

Detail all feature class €9; for each feature class, describe the spatial, attribute, temporal

data field names for the class. For each feature class specify scale range for spatial
representation, and hence the associated spatial data object types? This will determine if
multiple resdution datasets for layers are needed. Revisit step 2 as needed to complete the

specification. ldentify the relationships among the feature classes.

Group representations into datasets;A feature dataset is a group of feature classes that are
organized bsed on relationshigdentified among the feature classes that help in generating
the information needed by problem stakehol de
|l ayero or a portion of the themaureiclassdsarger i

important for deriving information.

B. Logical Design
Data processing operations to be performed on the spatial, attribute, and temporal data types
individually or collectively derive the informatioiffrom data) to satisfy step 1Such
operations clarify the needs of the logical design.
Define that attribute database strud¢ure and behaviour for features Apply subtypes to
control behaviour, create relationships with rules for association, and classifications for
complex code domains.
Subtypesi Subtypes of feature classes and tables preserve gpaised classes in a data
model; improve display performance, geoprocessing and data management, while allowing a
rich set of behaviours for features and objects. Subtypes let an anglystagassification
system within a feature class and apply behaviour through rules. Subtypes help reduce the

number of feature classes and improve performance of the database.

Relationshipsi If the spatial and topological relationships are not quiiealsie, a general

association relationship might be useful to relate features. Relationships can be used for
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