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ABSTRACT 

Effective urban land records management is one of the most important elements to be 

considered in the context of urban development. All the elements for effective development 

depend upon an effective records management infrastructure. Most of the Ethiopian urban 

centres lack a comprehensive and well organized archiving system for the land records. The 

Werabe town municipality 2018 and 2019 annual and land inventory report documents stated 

that in the town land records management system are still dependent on the age-old methods 

of creating and maintaining the land records. Due to lack of proper land records 

management, poor records keeping, the poor inventory of land records, inadequate update of 

land information has resulted the problems such as; increases the chance to a bad 

management, acquisition, the manipulation of registration information, cumbersome technical 

and administrative processes, affect property transactions, violation of planning and building 

regulation, overlapping allotment of land, missing archive files and development of land 

related corruption are amongst some of the problems. This study would develop a 

geodatabase model using ArcGIS software to retrieve, update and store the required data. The 

designed model is validated and tested via sample data which can store, retrieve, and update 

the required data as per the user requirement. Developing this type of urban land records 

management system, therefore, facilitates and increases the efficiency of land registration and 

related activities at the municipality level. Thence, the town would be satisfied by the service 

delivery of the municipality. Furthermore, any spatial and non-spatial data related with the 

system can be stored in the database which will be ready for more analysis as to be able to use 

by policymakers, urban planners for the purpose of sustainable development of urban area 

infrastructural developments and land use policy.  The research will lay ground for another 

task to develop 3D modelling for the study area thereby contributes to spatial data 

infrastructure development to Ethiopia. 

 

Key Words: GIS; Land Record Management; Geodatabase Design   
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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 immovable, its value 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 wide-ranging impact on livelihoods, industrial, 

economic, and social growth (Mishra, Suhag, 2017). Most cities and their surroundings have 

been expanding rapidly with the increasing rate of urbanization. With this rapid expansion, 

manual record-keeping has become inefficient, the vast amount of data is often 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 concerning system vulnerable to 

high loss and its demands a system that keeps the accurate record of lands and makes it 

available in time ( Manjusha, Saharkar2, 2017).   

Land records management deals with the detailed documentation in the form of survey, 

recording, processing, description and dissemination of 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  

(Aggarwal, 2014). Effective urban land records management is one of the most important 

elements to be considered in the context of urban development (Hirsi, 2015). 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 have the legal rights 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 ownership, etc.  (Ali, Shakir, 2014). 
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Most cities and their surroundings have been expanding rapidly with the increasing rate of 

urbanization. With this rapid expansion, manual record-keeping has become inefficient, the 

vast amount of data is often 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 concerning system vulnerable to high loss and its demands a system that keeps the 

accurate record of lands and makes it available in time (Manjusha, Saharkar2, 2017). Its 

modern administration applying a spatial database system, therefore, is mandatory. The 

development of digital land records systems, and in fact, all digital cadastre related systems, is 

never a mere IT task. Where land registration has been predominantly paper-based, 

preconditions must be met before the digitalisation and system development can 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 or out-dated. 

(Gertrude_Pieper 2017). Most of the city, 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 associated with the accelerated 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 implementation of urban plans 

in many urban centres (Yehun, 2017).   

The government of Ethiopia had been planning for the development of a national urban real 

property registration and information 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 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 SAR in cities such as Addis Ababa, Hawasa, Adama, Hosana, Sodo, Bahir-

Dar, Dessie, Debire-Markos, Arba-Minch, Dilla, Gonder, Debire-Birhan, Dire-Dawa and 
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Combolcha demonstrated that an existing paper file management digitizing program must be 

implemented in cities prior to SAR according to Ethiopian Land Administration Domain 

Model (ELADM) standard (Tula 2019).  

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 strategies (Patil 2014). Geographic Information System (GIS) therefore presents 

itself as a robust, reliable and versatile technology that can be used in managing land records 

(Akeh, Mshelia 2016). Geographical Information Systems (GIS) have the strength to handle 

large sets of georeferenced spatial data in a digital manner. The 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 used in various 

fields and disciplines to summarize and analyse spatial patterns and distributions, for the 

purpose of understanding how geographic and non-geographic entities interact with each other 

over space and time (Stephanie R. & Benno Staub, 2013).  

As GIS and associated technologies mature and more data become available in computer form, 

the use of GIS for integrating land-related data becomes more opportune. Increased openness 

and integration of data are, however, more than technical issues and are often seen as a threat 

rather than as an opportunity (Dale and Mclaren). 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 holders including land owners, planners, policy makers and land 

administrators by the improved, effective and efficient methodology of land records 

management offered by GIS platform ( Patil 2014).  

Land records information has always been a vital part of local government 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). For land records GIS is an effective tool. The ArcGIS® for Land 

Records solution is a complete geospatial platform for land records management. It is a 

modern, commercial off-the-shelf software solution that provides open, standards-based tools 

for implementing a sustainable, cost-effective solution to common local government land 
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records challenges (Esri 2014). Thus, this study under take to give the possible 

recomendations about land records management by developing GIS-Based Geodatabase 

model for the Worabe 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 full-fledged legal cadastre system. All 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 development intervention. Lack of proper land records, poor records 

keeping and inefficient judiciary makes 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 comprehensive and well 

organized archiving system for the land records. The files containing the documents of land 

parcels are poorly organized in the city archives. In some cases, even the basic documents as 

those showing the rights on the land are missing from the files (Yehun, 2017).  

The Werabe town municipality 2018 & 2019 annual land inventory report documents also 

stated that in the town land records management system are still dependent on the age-old 

methods of creating and maintaining the land records. Due to lack of proper land records 

management, poor records keeping, the poor inventory of land records, inadequate update of 

land information has resulted the problems such as;  increases the chance to a bad 

management,  acquisition, the manipulation of registration information, cumbersome technical 

and administrative processes, affect property transactions, violation of planning and building 

regulation, overlapping allotment of land, missing archive files and development of land 

related corruption are amongst some of the problems.  

In the Werabe town a current land records management practice also shows: absence of well-

designed geo-database, there is no link between descriptive information and the spatial 

location, surveys to update land 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 ground. The files whereby 

their location cannot be identified and they cannot be represented spatially. Urban landholding 
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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 hence the existing 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 land records. In general this system of manual 

surveys, non-uniform structures of record of rights, and a hard copy register create challenges 

to meet the objective of being an efficient one. Thus, this paper an attempt to closely evaluate 

the existing land record management and the adoption of geospatial techniques for efficient 

and effective urban land records management.  

1.3. General and specific objectives of the study 

1.3.1. General objective:  

To develop geodatabase model for urban land records management in Werabe town. 

1.3.2. Specific Objectives:  

To achieve the general objective, the study has following specific objectives:  

¶ To evaluate the existing urban land records management  

¶ To illustrate requirements for urban land records management geodatabase model. 

¶ To design urban land records management geodatabase model.  

¶ To test the effectiveness of the developed geodatabase model.  

1.4. Research questions 

¶ What looks like the existing land records management practice in the town? 

¶ What are the requirements to fulfill the needs of the town municipality? 

¶ Which possible design is effective to develop an improved comprehensive urban land 

records management geo-database model? 

¶ Which data are suitable to test the effectiveness of the developed geodatabase model? 

1.5. Significance of the Study 

Effective urban land records management is one of the most important elements to be 

considered in the context of urban development. Thus, this study under taken to give the 

possible solutions about land records management in Werabe town, it creates database and 

using for land records management. In addition it helps the town administrators to make 
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rational judgment about the land records and eventually it contributes for its betterment. It 

may also be taken as a data source for further studies on this 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 study involves development of a comprehensive geo-database model for the urban land 

records management in the Werabe town 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 land records management practice of the town. But for the sake of the reliability of the 

study, the system of land registration currently in place and its associated challenges are 

investigated.  
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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 design/modeling among others, 

which are exploited in coming up with this study using data on land and land ownership to 

attain the set objectives. The details are under here: 

2.2. Theoretical Review 

2.2.1. Significance of Land 

Land as an asset is unique because it is immovable, its value 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 wide-ranging impact on livelihoods, industrial, economic, and social 

growth (Prachee, Suhag 2017). Land is indeed a very crucial resource to man as it provides the 

base for all developmental activities. Hence land plays the most crucial role for societyôs 

progress anywhere in the world (Aggarwal, 2014). Land is at the core of a nationôs economy 

and as such it is essential to device methods for improving its management 

(Kurwakumire,2014). In most countries of the world, land constitutes a substantial portion of a 

nationôs wealth (Akeh, ,2016). One of the most essential components of the socio-economic 

asset for Ethiopia is land, public property and not subject to sale, which is unbendingly 

administered and used mostly in the urban area (Abraham Kelilo Tula1, 2019). As land holds 

importance in many spheres, it is required to have a system to gather, distribute and update 

information of land records. Nowadays; everybody needs more detailed land information than 

it has been traditionally available (Dhote1,  Saharkar, 2017). 

2.2.2. Land administration  Systems 

Land administration is the way rules of land tenure are applied 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 property rights 

and property valuation (Dutta, 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 and land value 
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are properly documented (Akeh, 2016). Most of the time land administration responsibilities 

are dealt with land delivering and transferring building permit, and tenure administration and 

documentation (Tula1, 2019). Sound land administration systems linked to geospatial data 

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; protection of state lands; management of land disputes; 

and improvement of land use planning and implementation (UN, 2015).  

2.2.3. Land Information System 

A Land Information System (LIS) is a computerized tool for legal, administrative and 

economic decision making (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 nations (Experts, 2015). When data in the GIS is related to 

various quantitative 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 human (Nahrin, Rahman). Due to rapid urbanization 

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

information in support of development becomes ever more urgent (Ellis,  2019). 

2.2.4. Cadastral System  

A cadastre is a complete and up-to-date official register or inventory of land parcels in any 

state or jurisdiction containing information about the parcels regarding ownership, valuation, 

location, area, land use and usually buildings or structures thereon (Williamson). The 

International Federation of Surveyors (FIG, 1995) defines a cadaster as a ñparcel based and 

up-to-date land information system containing a record of interests in land (e.g. rights, 

restrictions and responsibilities) (Hirsi, 2015). A cadastre is normally a parcel based, and up-

to-date land information system containing a record of interests in land (e.g. rights, restrictions 

and responsibilities). It usually includes a geometric description of land parcels linked to other 

records describing the nature of the interests, the ownership or control of those interests, and 

often the value of the parcel and its improvements (Ibraheem, 2012). The understanding of the 
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cadastre and its potential has been continually altered due to dynamic humankind to land 

relationship and the consequent development of the cadastral science (Bennett, 2011). 

2.2.5. Land Records Management  

Land records management deals with the detailed documentation in the form of survey, 

recording, processing, description and dissemination of 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  

(Aggarwal, 2014). Effective urban land records management is one of the most important 

elements to be considered in the context of urban development (HIRSI, 2015). As land holds 

importance in many spheres, it is required to have a system to gather, distribute and update 

information of land records (Dhote1, 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 have the legal rights 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 ownership, etc.  (ALI, Shakir, 2014). 

Most cities and their surroundings have been expanding rapidly with the increasing rate of 

urbanization. With this rapid expansion, manual record-keeping has become inefficient, the 

vast amount of data is often 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 concerning system vulnerable to high loss and its demands a system that keeps the 

accurate record of lands and makes it available in time (Dhote, Saharkar, 2017). Its modern 

administration applying a spatial database system, therefore, is mandatory. However, most 

municipalities are challenging in the administration of the land which is severely lacking 

consistent and automated land record systems which in turn result in a lack of transparency to 

the citizen. This potentially leads to corruption and informal settlement (Tula1, 2019). The 

development of digital land records systems, and in fact, all digital cadastre related systems, is 

never a mere IT task. Where land registration has been predominantly paper-based, 

preconditions must be met before the digitalisation and system development can reasonably 

start (Helsinki 2017).  
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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 information is generally unorganised, duplicated or out-dated 

(Gertrude_Pieper 2017). 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 full-fledged legal cadastre system. All 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 development intervention. Lack of proper land 

records, poor records keeping and inefficient judiciary makes 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 comprehensive 

and well organized archiving system for the land records. The files containing the documents 

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

documents as those showing the rights on the land are missing from the files (Yehun, 2017).   

The government of Ethiopia had been planning for the development of a national urban real 

property registration and information 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 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 SAR in cities such as Addis Ababa, Hawasa, Adama, Hosana, Sodo, Bahir-

Dar, Dessie, Debire-Markos, Arba-Minch, Dilla, Gonder, Debire-Birhan, Dire-Dawa and 

Combolcha demonstrated that an existing paper file management digitizing program must be 

implemented in cities prior to SAR according to Ethiopian Land Administration Domain 

Model (ELADM) standard ( Kebede, Alexiussantion, 2019). 

According to Tula1, 2019 the existing land information management system in Ethiopia can 

be generally identified as: The existing manual paper land registration system does not have 

secured access for different types of users and the data cannot be easily processed as per the 

required objectives, Information flow among different departments is restricted to manual 

information, This hinders the time and manipulation of data. The organized data recorded on 

paper does not have a basic relation between different data types (spatial and non-spatial data 
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type), The existing system does not allow important and immediate information retrieval and 

report generation, Paper recorded data is not organized to attain data integrity, Parcel 

identification is kept in unorganized ways which prevents the acquisition of parcel information 

related with other spatial and non-spatial data and  Data exchange among different 

departments about land registration is not consistent and standardized. 

2.2.7. General Concepts of Geographic Information Systems (GIS) 

GIS, technology began in the 1960s, computer systems based on hardware, software, and 

georeferenced data that can be used to collect, store, manage, process, analyse, and visualize 

both spatial and non-spatial information representing real-world geographic phenomena 

(Mitasova, 2008; Rogers & Staub, 2013).  GIS is a system of hardware and software used for 

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 are associated with spatial features 

(Harris, 2014). A GIS provides a framework for gathering and organizing spatial data and 

related information so that it can be displayed and analysed (ESRI, 2018). 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 strategies (Yuvraj 

M. Patil 2014). Geographic Information System (GIS) therefore presents itself as a robust, 

reliable and versatile technology that can be used in managing land records (Akeh, Mshelia, 

2016). 

Geographical Information Systems (GIS) have the strength to handle large sets of 

georeferenced spatial data in a digital manner. The four components of a GIS are data 

capturing & preparation, data management, data manipulation & analysis and data 

presentation (Oud,2017). GIS technology is having capability of capturing, storing, analysing 

and displaying geographically referenced information which is needed in present scenario 

(Dhote1, Saharkar, 2017). Geographic Information Systems (GIS) have been used in various 

fields and disciplines to summarize and analyse spatial patterns and distributions, for the 

purpose of understanding how geographic and non-geographic entities interact with each other 

over space and time (Stephanie & Staub, 2013).  
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As GIS and associated technologies mature and more data become available in computer form, 

the use of GIS for integrating land-related data becomes more opportune. Increased openness 

and integration of data are, however, more than technical issues and are often seen as a threat 

rather than as an opportunity (P F Dale and R a Mclaren). 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 holders including land owners, planners, policy makers 

and land administrators by the improved, effective and efficient methodology of land records 

management offered by GIS platform (Patil, 2014).  

Land records information has always been a vital part of local government 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). For land records GIS is an effective tool. The ArcGIS® for Land 

Records solution is a complete geospatial platform for land records management. It is a 

modern, commercial off-the-shelf software solution that provides open, standards-based tools 

for implementing a sustainable, cost-effective solution to common local government land 

records challenges (Esri, 2014). 

2.2.8. Geodatabase Model 

A database is a collection of one or more data files or tables stored in a structured manner, 

such that interrelationships which exist between items or sets of data can be utilized by the 

database management system (DBMS) software for manipulation and retrieval purposes 

(Healey, 1991). The GIS database is similar to the conventional database. However, the ability 

of the GIS database to store, manipulate, retrieve and display spatial data (i.e. maps) in 

addition to the normal functions of the conventional database is the main characteristics that 

set it apart from other databases (Musa & Zemba).  

A geodatabase is a geographic database hosted inside a relational database management 

system providing services for managing geographic data, such as; advanced editing features, 

validation rules, spatial database relationships, and topological associations (Benjamin, 2008). 

Geodatabase can be simple and hold basic information about a place, or very large and 

complex with varying information, layers, feature classes and datasets, rasterôs, and attributes.  
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It is the primary data format to edit and manage geospatial information used in a GIS (Ellis, 

2019). A geodatabase is 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 (ESRI, 2018). 

A geographic data model is an abstract digital representation of real-world features. It provides 

the framework that allows spatial information to be accurately represented and analysed 

(Spring 2009). The geodatabase model implements smarter behaviourôs into features, making 

them realistic to the real-world scenarios and easier to edit and manage. These advanced 

geodatabase features include attribute domains, subtypes, relationship classes, topology, 

geometric networks, and versioning (Tomlinson, Roger, 2007). ESRI identifies three types of 

geodatabases; File geodatabases ï stored as folders in a file system, Personal geodatabases ï 

datasets are stored within a Microsoft Access data file, and Enterprise geodatabases ï known 

as multiuser geodatabases. The study will not discuss all type of geodatabases, instead focus 

on file geodatabase type solely needed for the study. 

Table 1 Table 1 Comparing the three types of geodatabase  

Key 

characteristic 

Enterprise geodatabase File geodatabase Personal 

geodatabase 

Description A collection of various types 

of GIS datasets held as tables 

in a relational database (This 

is the recommended native 

data format for ArcGIS stored 

and managed in a relational 

database.) 

A collection of 

various types of GIS 

datasets held in a file 

system folder. (This 

is the recommended 

native data format 

for ArcGIS stored 

and managed in a file 

system folder.) 

Original data format 

for ArcGIS 

geodatabases stored 

and managed in 

Microsoft Access 

data files. (This is 

limited in size and 

tied to the Windows 

operating system.) 

Number of 

users 

Multiuser: many readers and 

many writers 

Single user and small 

workgroups: many 

readers or one writer 

per feature dataset, 

stand-alone feature 

class, or table. 

Concurrent use of 

any specific file 

Single user and small 

workgroups with 

smaller datasets: 

some readers and one 

writer. Concurrent 

use eventually 

degrades for large 

numbers of readers. 
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eventually degrades 

for large numbers of 

readers. 

Storage 

format 

¶ Oracle 

¶ Microsoft SQL Server 

¶ IBM DB2 

¶ IBM Informix 

¶ PostgreSQL 

Each dataset is a 

separate file on disk. 

A file geodatabase is 

a file folder that 

holds its dataset files. 

All the contents in 

each personal 

geodatabase are held 

in a single Microsoft 

Access file (.mdb). 

Size limits Up to DBMS limits One TB for each 

dataset. Each file 

geodatabase can hold 

many datasets. The 1 

TB limit can be 

raised to 256 TB for 

extremely large 

image datasets. Each 

feature class can 

scale up to hundreds 

of millions of vector 

features per dataset. 

Two GB per Access 

database. The 

effective limit before 

performance 

degrades is typically 

between 250 and 500 

MB per Access 

database file. 

Versioning 

support 

Fully supported across all 

DBMSs; includes cross-

database replication, updates 

using checkout and check-in, 

and historical archiving 

Only supported as a 

geodatabase for 

clients who post 

updates using 

checkout and check-

in and as a client to 

which updates can be 

sent using one-way 

replication. 

Only supported as a 

geodatabase for 

clients who post 

updates using 

checkout and check-

in and as a client to 

which updates can be 

sent using one-way 

replication. 

Platforms Windows, UNIX, Linux, and 

direct connections to DBMSs 

that can potentially run on 

any platform on the user's 

local network 

Cross-platform. Windows only. 

Security and 

permissions 

Provided by DBMS Operating file system 

security. 

Windows file system 

security. 

Database 

administration 

tools 

Full DBMS functions for 

backup, recovery, replication, 

SQL support, security, and so 

File system 

management. 

Windows file system 

management. 
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on 

Notes Requires the use of ArcSDE 

technology;  

ArcSDE for SQL Server 

Express included with 

¶ ArcGIS Desktop 

Standard and Desktop 

Advanced 

¶ ArcGIS Engine 

¶ ArcGIS Enterprise 

Workgroup 

¶ ArcSDE for all other 

DBMSs included with 

ArcGIS Enterprise 

You can optionally 

store data in a read-

only compressed 

format to reduce 

storage requirements. 

Often used as an 

attribute table 

manager (via 

Microsoft Access). 

Users like the string 

handling for text 

attributes. 

 

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  performance.  File geodatabases also 

allow users   to   compress   vector   data   to   a   read-only   format   that   further   reduces   

storage requirements (Esri, 2018).  

File Geodatabase Structure/When to use Feature Datasets: Geodatabases are databases for 

storing feature classes, raster data, tabular data, tools for processing data, and other related 

elements for defining dataôs behaviour. A feature dataset can be seen as a sub-directory within 

a geodatabase to store feature classes and elements 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 resolution. It 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 participating 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 cannot be stored inside a feature dataset 

(Esri, 2018). 
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2.2.9. Geodatabase Design Steps 

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 questions of interest. 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 database. Database design is the process of identifying the data 

that will go into the GIS database and how it will be represented. A geo-database development 

process includes conceptual, logical, and physical design phases. Each of those phases ends in 

the creation 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 database. GIS design involves 

organizing geographic information into a series of data themesðlayers that can be integrated 

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 geographic data 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 table in the Geodatabase that stores non-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 dataset. Simple 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 to (HIRSI, June 2015)  Database design is the process of identifying the data that 

will go into the GIS database and how it will be represented. The database forms the 

foundation of all activities that will be performed using the GIS, such as map creation, data 

retrieval and spatial analysis and modelling. A good database design results in a well-

constructed, functionally and operationally efficient database that: 

i. Satisfies user requirements and objectives 
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ii.  Contains all necessary data 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 Full implementation and Operational GIS database.  

A. Conceptual Design of the Database Model 

According to ESRI, 2018 the objective is to determine the basic entities, the spatial 

relationships among the entities and the attribute of each entity that support the process and 

application for which the database is designed. Conceptual design is a modeling of the 

projected system that is independent of implementation of the data method that is to be used 

for the conceptual modeling and it must enable analyst to express the structure of information 

in the system (data type and relationship). It is an arrangement of human conception of reality 

and is decided by the human on how to present it in a simpler manner but still will satisfy 

information required of the GIS concerned. The products of a conceptual design stage in 

database design 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 creation. 

Identify the information produc ts or the research question to be addressed; to the best 

information available, identify the information products that will be produced with the 

application(s). A GIS data designer/analyst would converse with situation stakeholders about 

the information outcomes to appear in the product, rather than guess at this.  Sometimes such 

questions are called ñneed to know questionsò. For example, what do the stakeholders ñneed to 

knowò about the geographical decision situation under investigation?  What are the gaps in 

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? What are the decision tasks? 

Those are the information requirements. 
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Identify the key thematic layers and feature classes; A thematic layer is a superclass of 

information, commonly consisting of a dataset(s) and perhaps several feature classes (hence 

feature layers), 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 of the class, accuracy, 

symbolization and annotation to satisfy the modelling, query and or map product applications. 

Detail all feature class (es); 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 resolution datasets for layers are needed. Revisit step 2 as needed to complete the 

specification.  Identify the relationships among the feature classes. 

Group representations into datasets;  A feature dataset is a group of feature classes that are 

organized based on relationships identified among the feature classes that help in generating 

the information needed by problem stakeholders. The dataset creates the instance of ñthematic 

layerò or a portion of the thematic layer in which the relationships among feature classes are 

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 information (from data) to satisfy step 1. Such 

operations clarify the needs of the logical design. 

Define that attribute database structure and behaviour for features;   Apply subtypes to 

control behaviour, create relationships with rules for association, and classifications for 

complex code domains. 

Subtypes ï Subtypes of feature classes and tables preserve coarse-grained 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 analyst apply a classification 

system within a feature class and apply behaviour through rules.  Subtypes help reduce the 

number of feature classes and improve performance of the database. 

Relationships ï If the spatial and topological relationships are not quite suitable, a general 

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




















































































