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ABSTRACT 

Urban expansion is a complex phenomenon with profound implications for land use, 

environmental sustainability, and socio-economic development. This thesis investigates the 

spatial patterns of urban expansion in Dukem sub-city of Bishoftu, Ethiopia. The study also 

assesses driving reasons for the spreading out of Dukem sub-city. Dukem sub-city is 

expanding rapidly and this has brought land use land cover conversion into urban use for 

different purposes particularly to residential and industrial uses. Employing Geographic 

Information Systems (GIS) and remote sensing techniques, spatial data were analyzed to 

delineate the extent and distribution of urban expansion over a specific time interval from 

1996-2024. The primary data sources were gathered by means of questionnaires and 

observations in order to identify the perception of office employees and community of the 

town on the factors that contribute a lot for the rapid expansion of Dukem.  Secondhand data 

sources were gathered from reports, legal documents, previous study documents, and socio-

economic data. The socio-economic and environmental factors contributing to expansion 

were identified through statistical analysis. The finding of the research reveals that built-up 

areas were increased dramatically from 260.154 hectare in 1996 to 1576.17 hectare in 2024. 

While bare land coverage extremely decreased in all years from 4980.42 hectare in 1996 to 

3064.32 hectare in 2024. Generally, the study investigated that establishment of industries 

and manufacturing, location of the town, increase in population size, existence of huge 

industries, and development of transportation infrastructure in the town found as significant 

driving factors that contribute a lot for the dramatic expansion urban expansion of Dukem 

sub-city. As recommendation, promoting mixed-use development, encouraging infill 

development in existing urban areas and establishing robust monitoring systems utilizing 

data-driven approaches are suggested to overcome the problems related with urban 

expansion. 

 

Keywords: Urban expansion, Spatial patterns, Drivers of urban expansion, Geographic 

Information System 
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CHAPTER ONE 

1. INTRODUCTION 

1.1. Background of the Study 

Urban expansion can be defined as “continuous expansion of big cities’ marginal area, 

moreover, it always has strip of lands in the process of transformation from county to the 

city” (UN-Habitat, 2018). Urban expansion is a global phenomenon with significant 

implications for both the environment and socio-economic well-being (Ewing et al., 2016). 

Urban expansion characterized by the unplanned and often rapid expansion of urban areas 

into surrounding rural area. On the other hand, a lot of urban dwellers engage in urban 

farming during the dry season, which runs from July to September. The city has experienced 

tremendous physical expansion during the past 28 years. Dukem sub-city was established 

around 1915 as a center of posting for Ethio- Djibouti rail way line (Bahiru, 1991; cited by 

Adem, 2010). The cause of urban expansion differs from scholar to scholar in context. 

However, most of them approve that migration; natural birth and rural village reclassification 

to urban settlement are the major reasons for rapid urban expansion (UN-Habitat, 2018). 

Among other factors, the population pressure, as (Firew, 2010) argues caused horizontal 

expansion of urban areas. 

Dukem sub-city of Bishoftu town is fast growing urban centers in Oromia special zone 

surrounding the capital Addis Ababa. As a result, the town's growth is out of control. The 

town's manufacturing, residential, and service sectors are all expanding, and its closeness to 

Addis Ababa has attracted more investment and sped up social and economic development.   

Thus Dukem sub city has practiced the highest level of land use land cover conversion for 

new residential settlements and industrial uses following its proposal as an, industrial Hub’’ 

or, Eastern industry zone (EIZ)’’ of the country in 2005(Diriba, 2016). 

Land use and land cover Change often occur as a result of urban growth in various regions 

worldwide, including established and developing countries (Woldegerima et al., 2020; Berhe 

et al., 2021).. These changes have a noticeable negative impact on the environment and are 

especially important in emerging countries like Ethiopia. “In early 19th the construction of 

the railway line was stopped in Dukem sub city. Dukem sub city was the destination of the 

Ethio Djibouti Railway station half a century. Dukem sub city which was the first to handle 

trains before Addis railway station, was slow to develop and later became the recipient of 

carts that were driven out of the city center (Tesfaye & Gebre-Egziabher, 2017). 
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The sub city is home to a diverse population and known for its bustling markets, industrial 

areas, and residential neighborhoods (Salvati et al., 2017; Dukem sub city Municipality, 

2020). Dukem sub city is home to several important institutions and landmarks, the eastern 

Africa industry zone one of Ethiopia's largest facilities. The sub city also known for its large 

industrial zones, which are home to a variety of manufacturing and production facilities 

(Teshome et al., 2019). 

Over the past century, there has been discussion surrounding the idea of urban expansion. 

Urban expansion, according to definitions, is the outward expansion of a city and its suburbs 

into low-density, frequently overly dependent development on rural land, known as the 

exurbs (Galster et al., 2001. The rise in population in the area is typically the cause of the 

rapid urbanization (Girma, B.,et al, 2023). 

1.2. Statement of the Problems 

The consumption of undeveloped land and resources are the result of rapid expansion of 

urban areas, including Dukem sub city in Ethiopia. It may have severe environmental 

implications, including deforestation, loss of biodiversity, and alterations to natural 

ecosystems (Seto et al., 2012). These urban expansion can lead to significant changes in land 

use, affecting the subsistence of local farmers and the overall socio-economic development 

of the region (Diriba D. et al, 2016). Additionally, the lack of effective planning and 

regulatory mechanisms may lead to fragmented and expansion development, impacting the 

overall land use patterns and potentially compromising agricultural productivity (Alberti et 

al., 2017).  

According to Kassa (2014), urban expansion is linked to amplified energy consumption, 

pollution, traffic congestion, and a decline in community identity and cohesiveness. 

Additionally, this trend results in the destruction of wildlife habitats and fragmentation of 

the few remaining natural areas due to the expanding physical and ecological 'footprint' of 

metropolitan areas. With the increase in area and population of Dukem sub city, the 

conversion of farmland and grazing land to other land uses: flower farms, industry, urban 

horticultural, poultry and dairy farms has increased significantly. Therefore, mapping the 

Spatial Patterns and identifying driving factors of Urban expansion is crucial to identify areas 

of significant growth and areas where interventions are needed to promote sustainable 

development (Girma, B.,et al, 2023). Identifying driving factors that contribute to addressing 

the impacts on the environment and local communities are crucial. 
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The spatial patterns of urban expansion in Dukem may have socio-economic consequences, 

affecting the quality of life for residents. Issues such as increased traffic congestion, 

inadequate infrastructure, and compromised access to essential services may emerge due to 

the unplanned nature of urban expansion (Dukem Town Municipality, 2020).  

According to (Abebe, 2012) there are informal housing construction and extension in all 

areas of the town especially at the peripheries. The population of the town has been raised 

and consequently the need for residence homes became serious. Since town growth is a 

continuous process, it is critical to illustrate its horizontal expansion using the spatial 

mapping of GIS and RS techniques. The downtown area of Dukem sub city is growing 

rapidly, but town expansion is erratic and uncontrolled, and development is often fragmented 

(Diriba D. et al, 2016). Measuring horizontal extent through the spatial analysis capabilities 

of GIS and RS techniques and identifying main driving factors in order to determine the 

effects of urban expansion on environment and resources is important and it is the focus of 

this study 

1.3. Objective of the Study 

1.3.1. General objective 

The main objective of this study is to illustrate the spatial patterns of urban expansion and 

its causing factors in Dukem sub-city since 1996. 

1.3.2. Specific objectives 

The specific objectives are to: 

o Map and analyze level of urban expansion of Dukem-sub city from 1996-2024 using 

Geographic Information System and remote sensing techniques.  

o Identify significant driving factors of urban expansion in the study area. 

o Develop mitigation strategies to the negative impacts of urban expansion in Dukam sub 

city. 

1.4. Research Questions 

1. What type of urban expansion pattern observed since 1996 in Dukem sub city? 

2. What are the significant driving factors of urban expansion in the study area?  

3. What are the appropriate strategies to mitigate rapid urban expansion of the study area? 
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1.5. Significance of the Study 

Mapping the Spatial Patterns and Identifying Drivers of Urban Expansion for Dukem Sub 

City lies in its ability to provide a comprehensive understanding of the dynamics of urban 

growth and its implications for environmental sustainability, socio-economic development, 

and urban planning. This research is crucial for several reasons: 

Mapping the spatial patterns of urban expansion helps identify the areas most affected by 

urbanization, allowing for more targeted planning and resource allocation. By identifying 

the drivers of urban expansion, researchers can develop more accurate models for predicting 

future urban growth. This information is essential for policymakers to make informed 

decisions about urban planning, infrastructure development, and resource allocation. Urban 

expansion can have significant socio-economic impacts, including changes in employment, 

housing, and social services.  

By understanding the spatial patterns and drivers of urban expansion, urban planners can 

develop more effective strategies for managing urban growth, reducing urban sprawl, and 

promoting more sustainable urban development. The insights gained from this research can 

inform policy decisions related to urban planning, infrastructure development, and resource 

allocation, ultimately contributing to more sustainable and resilient urban development. 

The study will give researchers, politicians, and urban planners useful information about the 

geographical patterns and forces behind urban expansion, enabling them to make decisions 

based on facts. Urban expansion analysis and mapping will support efforts to preserve open 

spaces and promote compact, livable communities, as well as aid identify regions at high 

risk of uncontrolled expansion and guide focused interventions for sustainable urban growth.  

The study will also contribute to the existing knowledge on urban expansion dynamics and 

spatial patterns in the context of Ethiopia and Dukem sub city, and provide insights for future 

research and urban planning initiatives. 

1.6. Scope of the Study 

The thematic scope of this research mainly focuses on studying urban expansion trends 

between the periods of 1996-2024, the drivers of urban expansion and measuring the effect 

of urban expansion on land use and cover (LULC) change. On the other, the spatial scope of 

the study is covering all areas of Dukem sub city. This study uses GIS and remote sensing 

to analyses and assesses the impact of urban expansion on urban growth changes related to 
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environmental issues over the 28-year periods of 1996, 2006, 2016, and 2024 focused on. 

1.7. A limitation of the study  

Obtaining high-resolution satellite imagery and obtaining the necessary downloads are 

obstacles encountered throughout this research project. However, the author tried to 

overcome the problem looking into another option which the researcher can reduce the 

limitation of spatial resolution. As a result, the author used Landsat TM 7 for the years 1996–

2006, which had a good resolution, and Landsat TM 8–9 for the years 2016, which had a 

very good resolution. the researcher also used Orthophoto, which had an excellent resolution, 

from the Bishoftu City cadaster office, to help with feature extraction through pre-processing 

and processing related activities.  

The other limitation faced while working with this study is acquiring further relevant data’s 

from Dukem sub city administration office and community of the town regarding the aim of 

the study that is driving factors and actors responsible for the rapid urban expansion of the 

sub city. 

1.8. Operational Definitions 

Even though my thesis entitled “Mapping the Spatial Patterns and Identifying Drivers of 

Urban Expansion: The Case of Dukem Sub City, Bishoftu, Ethiopia” can be defined and 

illustrated in various dimensions and parameters. To ensure clarity and precision in the 

research process the key terms and concepts in this study paper would have equivalent 

meaning to the following Operational definitions. 

Urban Expansion: The outward expansion of urban areas characterized by the unplanned 

and rapid growth of built-up areas, typically resulting in the conversion of rural land into 

urbanized zones. The spread of urban development, often at the expense of agricultural or 

other lands, resulting in the expansion of cities and towns beyond their original boundaries 

(Hirpa et al., 2023). 

Spatial Patterns: The arrangement and distribution of land uses, infrastructure, and physical 

features within the urban area, discernible through geographic and cartographic analysis. In 

the study, spatiotemporal analyses of urban growth on forest and agricultural land will be 

conducted using geospatial techniques (Deribew and Kiros T., 2020). 

Drivers of Urban Expansion: The factors or forces that contribute to the expansion of 

urban areas, including population growth, economic development, land-use policies, 
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transportation infrastructure, and socio-cultural dynamics (Deribew and Kiros T., 2020). In 

the case of Bishoftu town, the high population growth rate and the city's role as a nodal point 

for recreation and industry zone might have contributed to the urban growth trend. 

RS (Remote Sensing): The collection of information about an object, area, or phenomenon 

without direct physical contact, typically using satellite or aerial imagery for the purpose of 

analyzing land cover changes and spatial patterns.  

GIS (Geographic Information System): A computer-based system for capturing, storing, 

analyzing, and displaying spatial data, enabling the integration and interpretation of various 

layers of geographic information. Remote sensing data, particularly Landsat satellite 

imagery, in combination with geographic information system (GIS) technology utilized to 

achieve the following (W. Tadesse, et al., 2001): 

 Identification, Quantification, and Mapping of LULC Types 

 Detection of Land Use/Cover Changes 

 Assessment of Urban Land Use Efficiency (ULUE) 

 Investigation of Institutional Credibility and Land Use Efficiency 

 Mapping of Urban Blue-Green Landscapes and Their Effects on Land Surface 

Temperature (LST) 

Land-use Policies: Government regulations, plans, and guidelines that influence the 

distribution and utilization of land within urban areas, including zoning regulations, 

development plans, and environmental protection measures. It seeks to promote desirable 

social and environmental outcomes, prevent land use conflicts, and safeguard natural 

resources. Local land-use policies also shape the form and characteristics of cities and 

neighborhoods, affecting access to housing, jobs, schools, and open space. 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.1.Urban Expansion 

Urban expansion is a global phenomenon driven by various factors such as population 

growth, economic development, and migration (UN-Habitat., 2020; Angel, S., 2023; 

Mundia C. & Aniya M., 2005). It involves the spatial expansion of built-up areas and the 

conversion of land from non-urban to urban uses. Understanding the patterns, drivers, and 

impacts of urban expansion is crucial for sustainable urban planning and management 

(Angel, S., 2023). Some characteristics, causes, and consequences of urban expansion 

include: 

Low-density, single-family dwellings: Urban expansion is often characterized by the 

abundance of large-lot residential that consume large amounts of previously vacant or 

productive land. 

Automobile dependency: Expansion development patterns create large distances between 

dwelling units and segregate residents, forcing them to rely on automobiles at the expense 

of alternative forms of transportation. 

Environmental impacts: Urban expansion increases the need for infrastructure, such as roads 

and utilities, which can lead to the conversion of natural habitats and agricultural lands. 

Social segregation: The low-density nature of urban expansion can lead to social 

segregation, increasing the risk of crime and decreasing political participation. 

Population growth and rising incomes: Population growth and rising incomes are factors 

that contribute to the outward expansion of urban areas, sometimes resulting in population 

decline in central areas 

2.2.Trends of Global Urban population 

The global urban population has grown significantly from 0.75 billion in 1950 to 4.22 billion 

in 2018. The projected estimates show that by mid-twenty-first century, 68% of the world’s 

population will live in urban areas. The growth trend of global population shows a consistent 

increase in urban population during 1950–2025, thereafter, a slowdown is projected during 

2025–2050 (Kundu, D., et al, 2020). The spatial pattern of urbanization shows that epicenter 

of the urbanization has shifted from global north to global south. Cities in Asia and Africa 
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are currently growing faster as compared to other regions, and future estimates show that 

African cities will take the lead globally during 2015–2050 with faster growth rate. 

 

Figure 1: World Urbanization Trends and Patterns. 

Source: (Kundu, D., et al, 2020). 
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2.3.Theoretical Review 

A theoretical review in the context of urban expansion involves a critical analysis of the 

existing literature to identify the key concepts, theories, and frameworks that explain the 

phenomenon (Jenberu, A., & Admasu, J., 2020). Several theories had proposed to explain 

the phenomenon of expansion, which is the unrestricted growth of urban areas characterized 

by the spreading of dense multi-family apartments, offices, buildings, and shopping centers 

on undeveloped land, often with little concern for efficient urban planning (Berhe et al., 

2021). Some of the prominent theories include: 

Urban Land Use Theory: Urban land use theory, notably the bid-rent theory developed, 

explains how land use patterns are determined by the trade-offs between accessibility and 

the cost of land. This theory is instrumental in understanding how economic activities 

influence the spatial distribution of urban areas. 

Concentric Zone Model: The concentric zone model, describes urban expansion as a series 

of concentric circles radiating outwards from a central business district (CBD). This model 

helps in analyzing the spatial patterns of urban areas and the socio-economic factors driving 

urban expansion. 

Urban Sprawl Theory: Urban sprawl theory addresses the uncontrolled and unplanned 

expansion of urban areas into peripheral regions. It is characterized by low-density, auto-

dependent development that leads to the spread of urban infrastructure and services over a 

large area. Understanding urban sprawl is crucial for analyzing the patterns and impacts of 

urban expansion in Dukem Sub City. 

Flight from blight: This theory suggests that people move to suburban areas to escape the 

congestion, crime, and noise of the city (Rafferty, J. P., 2023). Suburban residents retain a 

connection to the city through their automobiles, which has contributed to the spread of 

urban expansion.  

Natural processes: Some theories argue that urban expansion is a result of natural 

processes, such as the preference for single-family homes on large lots and the desire for 

green spaces and openness (Vito I. et al., 2022). 

Local growth machine: This theory posits the real estate interests of people whose 

properties gain value when cities expand (Vito I. et al., 2022) drive that urban expansion. 

The local growth machine consists of various actors, including developers, real estate agents, 
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and politicians, who profit from the expansion of cities. 

 

 

Figure 2: Chicago, shows urban expansion 

Broken windows: An alternative theory suggests that density does not cause crime, and 

crime does not cause people to leave the city; when people leave, city neighborhoods are 

abandoned and neglected, resulting in crime and decay. This theory implies that urban 

expansion may be a response to the deteriorating conditions in city neighborhoods. 

Random unplanned growth: Urban expansion is characterized by inadequate accessibility 

to essential land uses such as housing, jobs, and public services like schools and healthcare 

facilities (Rafferty, J. P., 2023). This suggests that urban expansion may be a result of 

random, unplanned growth, rather than a well-organized urban development process. 

2.4.Conceptual Review 

Concepts related to urban expansion, in approach to investigate the spatial patterns and 

drivers of urban growth discussed as; 

Spatial Patterns of Urban Expansion: this refer to the arrangement and organization of urban 
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growth over space and time. Mapping these patterns involves using geographic information 

systems (GIS) and remote sensing techniques to visualize and analyze the extent, direction, 

and intensity of urban expansion (Herold et al., 2003). 

Drivers of Urban Expansion: are the underlying factors that influence the growth and spread 

of urban areas. These factors can be categorized into economic, demographic, 

infrastructural, and policy-related drivers. Economic drivers include industrialization and 

commercial activities, while demographic drivers encompass population growth and 

migration. Infrastructural developments, such as transportation networks, and policy 

interventions, such as land use planning, also significantly impact urban expansion (Seto et 

al., 2011). 

2.4.1. Drivers of Urban Expansion:  

The factors or forces that contribute to the expansion of urban areas, including population 

growth, economic development, land-use policies, transportation infrastructure, and socio-

cultural dynamics (Deribew and Kiros T., 2020). In the case of Bishoftu town, the high 

population growth rate and the city's role as a nodal point for recreation and industry zone 

might have contributed to the urban growth trend. 

Urban expansion often correlates with population growth as cities expand to accommodate 

increasing numbers of residents (Downs, 2004). Economic development and job 

opportunities in urban areas can drive migration and contribute to the outward expansion of 

cities (Brueckner, 2001). Zoning regulations and land-use policies influence the spatial 

organization of urban areas, and ineffective or permissive policies may contribute to 

expansion (Ewing & Hamidi, 2015). 

The development and expansion of transportation infrastructure, such as highways and 

roads, can facilitate suburbanization and encourage urban expansion (Handy & Clifton, 

2001). Social and cultural factors, including lifestyle preferences and the desire for larger 

housing and yard spaces, can drive individuals and families to move to suburban areas 

(Burchell & Mukherji, 2003). 

Government policies and planning decisions play a crucial role in shaping urban form. 

Policies promoting decentralized development or lax land-use regulations can contribute to 

expansion (Nelson, 2004). Advances in technology, such as improvements in transportation 

and communication, can reduce the constraints on spatial expansion, contributing to urban 

expansion (Newman & Kenworthy, 1999). 
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Individual preferences for larger homes, yards, and a suburban lifestyle can drive housing 

demand in outlying areas, leading to expansion (Brown et al., 2005). Market forces and real 

estate development pressures can contribute to the conversion of rural land into urbanized 

areas. The accessibility of areas and connectivity through transportation networks influence 

development patterns, with well-connected regions often experiencing more expansion 

(Song & Knaap, 2003). 

Table 1: Review summary for drivers of urban expansion 

 Drivers of Urban expansion Source/s 

1 Population Growth Downs, 2004 

2 Economic Factors Brueckner, 2001 

3 Land-use Policies and Regulations Ewing & Hamidi, 2015 

4 Transportation Infrastructure Handy & Clifton, 2001 

5 Socio-cultural Dynamics Burchell & Mukherji, 2003 

6 Government Policies and Planning Decisions Nelson, 2004 

7 Technological Advances Newman & Kenworthy, 1999 

8 Housing Preferences and Lifestyle Choices Brown et al., 2005 

9 Market Forces and Real Estate Development Knight & Trygg, 1982 

10 Accessibility and Connectivity of area Song & Knaap, 2003 

Source: Organized by the researcher, (2024) 

2.4.2. Methodologies for Mapping Urban expansion 

Mapping urban expansion requires a combination of remote sensing, Geographic 

Information System (GIS), and spatial analysis techniques (Jensen, 2007). Some of 

methodologies commonly used to mapping urban expansion are: 

Remote Sensing: Remote sensing provides high-resolution spatial data, such as satellite 

imagery, for land cover analysis. Satellite imagery classified using techniques like 

supervised or unsupervised classification to identify land cover (Longley P. et al., 2015). 

Remote Sensing become effective applying techniques like multispectral imaging, change 

detection and normalized difference vegetation index (NDVI). Multispectral imaging is 

about capturing images at various wavelengths, allowing for the differentiation of different 

land cover types such as urban areas, vegetation, and water bodies (jensen, 2007). This 

technique is crucial for identifying and categorizing areas of urban growth. Change 

Detection Involves comparing satellite images from different time periods to identify 

changes in land cover, indicative of urban expansion (Lu et al., 2004). Techniques like image 

differencing, post-classification comparison and principal component analysis are 

commonly used. Normalized difference vegetation index (NDVI) utilizes spectral 

reflectance data to assess vegetation health and coverage. NDVI helps distinguish urban 
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areas from vegetated regions, as urban expansion often reduces vegetation cover (Xu, 2007). 

GIS (Geographic Information System): GIS integrates spatial data to analyze and visualize 

the distribution of land cover and other relevant factors. Overlay analysis in GIS combines 

multiple layers of information to identify patterns and trends in urban expansion. 

Techniques involved in GIS are overlay analysis, buffer analysis and spatial interpolation. 

Overlay analysis used to combine multiple spatial datasets, such as land use maps, 

transportation networks, and demographic data, to identify areas of urban expansion and 

analyze the contributing factors (Clarke et al., 2002). Buffer analysis help us to create buffer 

zones around urban features like roads and infrastructure to analyze their spatial impact on 

urban expansion (Weng, 2001). This helps in understanding how proximity to transportation 

networks and other amenities influences urban growth. Through spatial interpolation, we 

can estimates values at un-sampled locations using known data points, creating continuous 

surfaces representing the intensity of urban expansion. Methods like kriging and inverse 

distance weighting are frequently used. 

Land Use/Land Cover (LULC) Classification: LULC classification involves categorizing 

different land cover types, including urban areas. Image classification algorithms, such as 

Maximum Likelihood or Random Forest, are applied to satellite imagery (Congalton, R. G., 

& Green, K., 2009). 

Spatial Metrics and Indices: Spatial metrics quantify the spatial structure and arrangement 

of land cover features. Metrics like the Patch Density or Shannon's Diversity Index measure 

expansion patterns. 

Change Detection Analysis: Change detection identifies alterations in land cover over time. 

Historical and current satellite imagery are compared using techniques like image 

differencing or post-classification comparison (Lu, D., & Weng, Q., 2007). 

Spatial Modeling: Spatial models simulate future urban growth based on existing patterns 

and factors. Cellular Automata (CA) and Markov Chain models are used for simulation and 

prediction (Batty, M., & Xie, Y., 2017) and (Yeh, A. et al., 2017). 

Field Surveys and Ground Truthing: Field surveys validate remote sensing and GIS data 

through on-site data collection. Ground truthing involves collecting data on land cover types 

to verify and improve classification accuracy (Foody, G., 2002). 

Statistical Analysis: Measures the degree to which urban expansion patterns are spatially 
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clustered or dispersed, using indices. Spatial autocorrelation analysis helps detect spatial 

dependencies and patterns in urban expansion data. 

Table 2: Review summary of Methodologies for Mapping Urban expansion 

 Urban Expansion Mapping Methodologies  Source/s 

1 Remote Sensing Longley P. et al., 2015 

2 Geographic Information System Congalton, R. G., & Green, K., 2009 

3 Land Use Land Cover Classification Congalton, R. G., & Green, K., 2009 

4 Spatial Metrics and Indices Longley P. et al., 2015 

5 Change Detection Analysis Lu, D., & Weng, Q., 2007 

6 Spatial Modeling Batty, M., & Xie, Y., 2017. 

7 Field Surveys and Ground Truthing Foody, G., 2002 

8 Statistical Analysis Anselin, L., 2010 

Source: Organized by the researcher, (2024) 

2.5.Empirical Review 

2.5.1. Urban expansion in Africa 

Because of the concentration of population in metropolitan areas, emerging countries, 

especially those in Africa, are seeing an alarming rate of urbanization and urban expansion. 

The estimated urban growth in developing nations from 2000 to 2025 is 90%, up from 57% 

between 1975 and 2000, as reported by Johns Hopkins University (2006). Africa is changing 

urbanization trends that have occurred in other parts of the world for two reasons. Firstly, 

urbanization is progressing rapidly. Secondly, urbanization in Africa is not leading to the 

expected economic growth and capital investment. Africa's urbanization encounters four 

significant challenges: limited job creation, inadequate structural transformation, poor 

livability, and rising slum establishments (Jamal S. & Jena S., 2018).  

2.5.2. Urban Expansion in Ethiopian Cities 

Berhe et al. (2021) conducted an empirical study on urbanization in peri-urban areas of 

Addis Ababa, focusing on land use/cover changes. Their findings highlight the rapid 

transformation of agricultural land into urban settlements, driven by population growth and 

economic opportunities.  

None of these have contributed to the country's urbanization, even if the nation was the 

backbone of humanity, a mosaic of people, and the location of more than 80 ethnic groups 

and historic developments with a long history of national construction. Prior to Addis Ababa 

being established as the nation's incredibly resilient capital, distinct urban areas underwent 

periodic recurring moves associated with the rise and fall of monarchs and the consequent 
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changes in the balance of power within the nation. Tesfaye and Gebre-Egziabher (2017) 

examined the impact of industrialization on urban development in Dukem. Their research 

underscores the role of industrial parks and economic corridors in driving urban expansion. 

Teshome et al. (2019) utilized GIS and remote sensing to detect land use/cover changes in 

the urban fringe areas of Dukem. Their study provides a detailed analysis of the spatial 

patterns of urban expansion, identifying key areas of growth and the factors influencing 

these changes. Woldegerima et al. (2020) explored the impact of urban planning policies on 

land use dynamics in Sululta Town, Ethiopia. Their research highlights the importance of 

effective land use planning and zoning regulations in managing urban expansion and 

mitigating its negative impacts. 

In 2017, this extent was 20.4% and is assessed to be 25.4% in 2027 (CSA, 2013). Ethiopia's 

urbanization is currently changing because to economic growth and modern infrastructure, 

not only in the country's many other smaller urban settlements but also in the suburban areas 

of Dukem Sub City and Bishoftu City. 

2.5.3. Causes of urban expansion in Ethiopian Cities 

Urban expansion in Ethiopian cities is a significant phenomenon driven by various factors. 

This expansion is characterized by the rapid growth of urban areas, often resulting in the 

formation of slum-like settlements.  

Migration, socio-cultural components, physical infrastructure, land-use changes and 

economic growth are overviewed as the primary causes of urban expansion in Ethiopia. 

These factors contribute to the rapid urban expansion in Ethiopian cities, which poses 

significant challenges for sustainable development. 

The study by Jenberu and Admasu (2020) highlights migration as one of the key factors 

contributing to the rapid urbanization in the country. The development of urban areas in 

Ethiopia is often linked to socio-cultural components such as worshiping places, local 

markets, educational and administrative centers. These factors contribute to the emergence 

of spontaneous urban development. 

Physical infrastructure, such as roads, also plays a significant but subordinate role in the 

intensification of urban development. The study by Terfa et al. (2019) found that the 

expansion of urban areas is influenced by physical features, urban master plans, and policies. 

The study by Arsiso et al. (2018) found that urbanization is leading to significant land-use 
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changes in the country, particularly in small towns. Urbanization-driven land-use changes 

are a significant issue in Ethiopia. Large cities with strong economic growth in a country 

often struggle to control the scattered nature of urban growth, leading to urban sprawl. The 

study by Terfa et al. (2019) found that the urbanization processes of major cities in Ethiopia, 

such as Addis Ababa and Adama, are consistent, while Hawassa diverged from expectations 

based on diffusion and coalescence theory. 

2.5.4. Causes of urban Expansion toward Dukem sub city 

One of the main causes of urban expansion towards Dukem sub city is the urban land lease 

policy implemented in Ethiopia since 1993. This policy allows the state to transfer land for 

residential, commercial and public use. Industry for private and public investors. As a result, 

many cities, including Dukem sub city, have seen great expansion of their borders, mainly 

through the conversion of farmland. This has led to urban expansion, land hoarding, and 

fragmentation of land use in many extended areas, such as the Dukem sub-cities.  

Another cause of urban expansion towards Dukem sub city is the population growth and 

rapid urbanization of city. The city's population increased from about 2.11 million in 1994 

to 3.3 million in 2010 and reached nearly 4 million in 2017, creating strong demand for 

housing and infrastructure. In addition, the city's development has been influenced by its 

political and economic importance as the State of Oromia, Other. The third cause of urban 

expansion towards Dukem sub city was the displacement of peri-urban farmers who lived 

and worked on their lands along the Akaki.      

2.5.5. Cases of urban growth 

Mostly, population growth, rise in household income, subsidization of infrastructure 

investments lie roads, ineffective land-use, excessive growth, social problems in central 

cities and poor land policies are taken to be the main cusses of urban growth and expansion 

(Haregwoin, 2005). Due to their close relationship, urban expansion and growth are typically 

indistinguishable. It is crucial to understand, however, that urban growth cannot occur in 

isolation from sprawl; rather, expansion must stimulate urban growth. Some of this led to 

uncoordinated scattered growth or coordinated compact growth, for example, and population 

growth in central cities due to inadequate land policies. Good or bad growth is determined 

by its pattern, process, and outcomes. These are a few of the additional factors that contribute 

significantly to expansion. They are unable to produce a compact neighbor. For instance, 

some people's preference for country living is to reside in a rural area. 
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2.5.6. Land use/Land cover: concepts and definitions 

Land cover: It is essential to comprehend the meaning of Land Cover (LC) dynamics before 

starting the study. The physical components of the Earth's surface, such as vegetation, water, 

bare land, built up, agriculture and man-made features, are referred to as land cover. Changes 

in land cover can occur over time as a result of both human and natural factors. The study of 

these alterations, their underlying causes, and their effects is known as land cover dynamics 

Land Use: The process of managing and transforming the wild or natural environment into a built 

environment, which includes towns and semi-natural habitats like managed forests, pastures, and 

arable fields, is referred to as land use. The management of land for different uses, including mining, 

forestry, agriculture, and urbanization, is referred to as land use (Sinha et al., 2016). Land Use and 

Land Cover can be shortened to LULC. The term "LULC change" describes the detection and 

monitoring of long-term changes brought about by local, regional, or global human or climate-related 

factors. The goal of the plan is to provide a more thorough understanding of the information classes 

by developing a framework for classifying digital images.  

Image analysis: Digital image processing was manipulated and interpretation of digital 

images with the aid of a computer. Therefore this process analysis was commonly based on 

four image analysis processes was used for analysis.  

Table 3: ESRI land use land cover classification 

Source: Karra,Kontgis,et al ”Global land use/landcover with sentinel-2 and deep learning’’ IGARSS 

2021-2021 IEE International Geoscience and Remote SensingSymposium.IEE,2021 

CLASSES DEFINATION 

Built-up 

Areas 

 Human made structures; major road and rail networks; large homogenous impervious 

surfaces including parking structures, office buildings and residential housing; 

examples: houses, dense villages / towns / cities, paved roads, asphalt. 

Vegetation 

Area  

These are areas dominated by density populated trees and woodlands, which is the 

land scape is covered by small trees or urban green space vegetation. 

Examples: wooded vegetation, clusters of dense tall vegetation within savannas, 

plantations, swamp or mangroves (dense/tall vegetation with ephemeral water or 

canopy too thick to detect water underneath). 

Agriculture Agricultural lands are land cover devoted to the represent cultivated crop or arable 

lands. It is land covered with various teff, corn, maize, beans, and another crop 

production. Examples: corn, wheat, soy, fallow plots of structured land. 

Bare Land This land covered grasses (open area) or no grass and mainly covered with bare rock 

gravel pits pavement and soils or other earthen material etc. it is Vast portion of land 

(infertile) where plant growth may be spares, stunted and /or contain limited 

biodiversity. It is also lands affected by toxic or infertile soil, mining areas and climatic 

conditions are often key factor in poor plant growth and development. Areas of rock or 

soil with very sparse to no vegetation for the entire year; large areas of sand and deserts 

with no to little vegetation; examples: exposed rock or soil, desert and sand dunes, dry 

salt Flats/pans, dried lake beds, mines. 
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Land use Land cover (LULC) mapping: The actual modification of the world's earth 

bound surface because of human exercises is regularly the alleged Land use land cover 

(LULC) change all over the planet. This adjustment of land by people to acquire business 

and different basics has been there for millennia. These progressions are the main impetuses 

for nearby, local, and worldwide level remarkable changes in biological systems and 

ecological cycles. 

 Land use land cover displaying is an interaction that measures the ebb and flow of land 

assets and how they are changing into a progression of topical classes, like woodland, water, 

vegetation, build, and cleared surface (YIRSAW, 2017). A few investigations have decided 

in favor of land use and land cover change displaying (Balakeristanan and said 2012: Rawat 

and Kumar, 2015: Butt, 2015 Cheruto, 2016. For example, to measure the nearby changes 

in Makueni country, Kenya from 2000-2016. Cheruto (2016) tracked down critical land 

change. 

For the most part, land use and land cover changes affect natural and scene credits including 

the nature of water, land and air assets, environment cycles, and works (Rimal, 2011). 

Consequently, the utilization of remote detecting information and investigation procedures 

give exact, opportune, and point-by-point data for recognizing and observing changes in land 

cover and land use. 

Land use land cover (LULC) change detection: Following the supervised classification 

of imagery post-classification change detection Algorithm will be performed to determine 

changes in land cover. This post-classification approach provides statistical evidence on how 

land cover has changed and is used to calculate and map land cover changes over time. 

Support Vector Machine (SVM) Classification separates classes with a decision surface that 

maximizes the margin between classes and can function as a multiclass classifier by 

combining several binary SVM classifiers.  

Remote sensing and Geographic Information Science (GIS): Remote sensing and 

Geographic Information Science (GIS) technologies have been utilized to detect and quantify 

changes in the landscape and the consequential environmental impacts. In modern times, several 

studies have utilized remote sensing data to examine urban land changes of different patterns of 

urban expansion and development (Longley et al 2005). 

Application of GIS and Remote Sensing in Urban Expansion: The modern technology 

of remote sensing which includes both aerial as well as satellite-based systems, allow us to 
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collect a lot of physical data rather easily, with speed and on repetitive basis, and together 

with GIS helps us to analyze the data spatially, offering possibilities of generating various 

options/modeling.  

2.6.Research gaps 

There are some of potential research found from both thematically and empirical review 

concerning mapping the spatial pattern of urban expansion. Even though, the existing 

literature provides valuable insights into urban expansion in Case of Dukem sub city, 

Bishoftu, Ethiopia, there are specific research gaps that this thesis seeks to address: 

 Previous studies, such as (Terfa et al., 2019) have examined urban expansion in Ethiopia 

over specific time frames. However, there is a research gap in addressing how urban 

expansion in Bishoftu has evolved over different decades and the factors contributing to 

these changes.  

 The downtown area of Dukem sub city is growing rapidly, but town expansion is erratic 

and uncontrolled, and development is often fragmented (Diriba D. et al, 2016). 

 While studies like those by (Kassahun & Tiwari, 2014) and others have highlighted 

urban development challenges in Ethiopia, there is a need to delve deeper into the unique 

local factors such as the urban land lease policy implemented in Ethiopia since 1993, the 

population growth, rapid urbanization and the displacement of peri-urban farmers are 

driving urban expansion specifically in Dukem sub city of Bishoftu Town.  

 Research by (Mefekir Woldegebriel, 2022) has explored the impact of urban expansion 

on surrounding peasant land in other Ethiopian towns. However, there is a gap in 

addressing the direct and indirect impacts of urban expansion on the environment, 

infrastructure, and socio-economic aspects within Dukem sub city.  

 Despite studies like Koroso's PhD thesis (2022) focusing on urban land use efficiency in 

Ethiopia, there is a gap in analyzing how the findings from research on urban expansion 

can inform policy-making and sustainable urban planning strategies specifically in 

Bishoftu.  
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CHAPTER THREE 

3. METHODS AND MATERIALS 

Under this section description of the study area, data source, method of data collection, 

materials, tools and method of data analysis or processing discussed in detail. 

3.1. Description of the study area 

3.1.1. Location 

The Dukem sub city situated along the Adama-Dire Dawa-Djibouti transport line, 37 km 

southeast of Addis Ababa. Geographically, the Area of Dukem sub city is 9630.6 hectare 

and is situated between latitudes 8o45'25"N and 8o50'30"N and longitudes 38o51'55"E and 

38o56'5" E (OUPI, 2017). 

 

Figure 3: Location Map of Study Area 



21  

The town has strong transport linkage with Addis Ababa and the neighboring urban centers 

due to a number of commuters per day those who preferred to live in the town and work in 

Addis Ababa. Dukem is favored as suitable corridor to promote investment owing to the 

best opportunities available i.e. proximity to the national market and location on the national 

highway road and railway line, the existence of suitable and accessible land. 

3.1.2. Demographic status 

Dukem Sub City borders Debayu Sub City to the east, Ada'a Woreda to the north, Akaki 

Woreda to the south, and Sheger City and Gelan Sub City to the west. The population is 

expanding quickly due to its proximity to Addis Ababa and economic significance. The sub 

city had 28,829 residents, according to the results of the 2015 National Population and 

Housing Census. Oda Nabe Wereda is the peasant association in the south that shares the 

largest shared boundary with Dukem Sub City. The Tedecha Wenda Peasant Association, 

located in the sub city's northern region, comes next. Tedecha borders the third-largest area 

of the Dukem sub city.  

3.1.3. Topography and slope 

Dukam Sub City's elevation, with an altitudinal variation of 410 meters, spans from 1890 

meters to 2300 meters above Mean Sea Level. Rough terrain often characterizes the town's 

northeastern, northern, and eastern regions. However, the landscape of the Dukam sub city is 

monotonous and flat in the south and west. Major perennial and seasonal streams, such as the 

Dukam River and the Gerbicha stream, flow southwest due to the town's elevated elevation in 

the northeast and north-east regions. Flush water from the Eastern Industry Zone is also 

present. The difficult, stony terrain and steeper gradient found in the northern and northeastern 

regions of Dukam Sub City have an effect on the development of the infrastructure. Flush 

water from the Eastern Industry Zone is also present. The difficult, stony terrain and steeper 

gradient found in the northern and northeastern regions of Dukam Sub City have an effect on 

the development of the infrastructure.  The largest slope class (1-2%) covers various parts of 

the town with a total area of 2691.6 hectares (63.4%) particularly south-eastern, southern and 

central parts of town. The elevation of the town ranges from 1890m to 2300m above MSL 

with an altitudinal range of 410 meters and different slope classes are found in different parts 

of the town (OUPI, 2017). The main reason could be the flat topography that attracts residence 

since flat area created conductive condition for construction purpose and facilitates easy 

movement.   
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Figure 4: Shows topography of the study area. Left) Slope map, right) Contour map 

3.1.4. Climate condition 

According to OUPI, (2017) the agro climatic relationship between altitude and temperature 

in Ethiopia indicates that the climate of Dukem sub city falls in the semi temperate agro-

climatic zone with temperature range of 150C to 200C. the metrological station of Akaki 

which is located at a distance of 15kms is used to analyze the climate of Dukem sub city. 

According to OUPI, (2017) the average annual rainfall of Dukem sub city and its 

surrounding is 800.3mm. The total average annual rainfall of Dukem town is 963mm. The 

seasonal distribution of rainfall in Dukem sub city indicates that the rainy season starts in 

spring and lasts up to the end of August. 

 

 

 

  



23  

3.2. Study Design (Research Design) 

 

 
 

Figure 5: Research Design diagram 
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3.3. Study Approach 

In order to investigate urban expansion trends in the case of Dukem sub city an explanatory 

research type was adopted. The reasons for this approach is that it enabled to clarify urban 

expansion trends through mapping in different periods of time and also how this had an 

effect on land use land covers (LULC) change. Facilitating for temporal analysis of urban 

expansion, spatial datasets gathered over multiple times. The data cleaned and preprocessed 

to remove errors, inconsistencies, and missing values. For compatibility and analysis, data 

formats Standardized, projected, and resolutions done.  

Utilizing GIS techniques spatial analysis to map the spatial patterns of urban expansion 

performed and spatial relationships between urban expansion and its potential drivers 

explored. Through statistical analysis, significant drivers of urban expansion identified by 

employing regression analysis and spatial econometric techniques to model the relationship 

between urban expansion and its potential drivers. In order to address the stated objectives 

of the study both qualitative and quantitative approach used. The Primary data sources 

collected using closed-ended and open-ended questionnaires and observations. The 

secondary data sources collected using remote sensing technique. Then, processed and 

analyzed using GIS. 

Finally the findings of spatial and statistical analyses Interpreted to understand the spatial 

patterns and drivers of urban expansion. How identified drivers influence the extent, 

intensity, and spatial distribution of expansion within the study area have discussed and any 

unexpected or counterintuitive findings highlighted and summarized to Provide 

recommendations and Suggestions. 

3.4. Data type and sources 

Primary Data: Field data on the ground were collected by direct observation at the study 

area. The researcher observed and collected the necessary camera information about the 

existence of urban expansion. The primary data were gathered using questionnaires. 

Secondary Data: Land satellite images with the following characteristics were gathered: 

resolution (30 m), map projection = "UTM", projection units = "meters", Datum and 

Ellipsoid = "WGS84", UTM zone = 37, and Land satellite data types 1996, 2024 obtained. 

Buildings, roads, and vegetation distinguished from other types of cover or ground objects 

using the False Color Composite (FCC) photographs. For this study, the FCC of RGB= 

bands 4, 3, and 2 has been selected. The greenery is red, the metropolitan regions are blue, 
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water bodies range in color from dark blue to black, and the soils are white to suburban. 

Table 4: Data type and sources 

Data Type Data Source 

Satellite Imagery National Aeronautics and Space Administration (NASA) 

Aerial Photography Local Government Authorities 

Land Use Maps Dukem Sub City Planning Office 

Census Data Central Statistical Agency 

Surveys Local Residents and Businesses 

Field Observations Research Team 

 

3.5. Study Population 

The sample population would typically consist of individuals living in Dukem sub city and 

who can provide insights into the factors influencing urban expansion. This include urban 

planners, policymakers, researchers, and other stakeholders involved in the dukem sub city 

development and planning. By surveying a diverse professions related to urbanization, we 

gather a comprehensive understanding of the various drivers contributing to urban 

expansion. The sample population include experts in the field of urban studies, 

environmental science, sociology, economics, and related disciplines to ensure a well-

rounded perspective. 

The data obtained from the population projection made by Dukem Finance and Economic 

cooperation office and according to the Dukem Mayor count and the counsel of the city 

approved  has a total  population  of 199,259 and households are 24,095 by the year 2015. 

From the total population 103,454 (51.92%) are males and 95,805 (48.08%) are females 

including the rural kebeles incorporated under the administration of the city.  

The city for living due to its’ conducive environment and its accessibility to Finfinnee and 

surrounding towns. Many of government and non-government employees who are working 

at the near side cities/towns are living in the town. Hence, the population of the town is 

estimated to be more than the above figure/data because of the fact that investment expansion 

and inflow of job seekers and employees at different factories.  

Table 5: Population of Dukem sub city in year 2015 E.C 

Name of area Male Female Total 
Melka Dukem 35175 32574 67749 

Odaa nabe 31036 28741 59777 

Tedecha yatu 37243 34490 71733 

Total 103,454 95,805 199,259 

Source: Ummata Magaala Bishooftuu Aanaadhaan Bara 2015 
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3.6. Data Collection methods 

3.6.1. Tools and Software Programs 

The character of this study is analyzing of urban expansion trends and its causes on land use 

land covers (LULC) change detection. The materials and soft wares used for the 

accomplishment of this study are as discussed in tables 6 and 7. 

Table6: Software programs used for the study 

NO Software  Uses 

1 SPSS 27 version To process, manage and analyze the statistical data's collected 

2 

ArcGIS 10.8.1 
 

 

To create shape file, identify path and row of the study area, data 

analysis, management, geo-referencing, image processing, 

enhancement, transformation, classification, delineation and 

clipping and make layout for final mapping. 

3 

Remote Sensing 

Techniques (RST) 

To detection of land use land covers (LULC) change in different 

period of time 

4 Micro-soft word To write the study paper 

5 Micro-soft excel 

To create the attribute databases and import or export data to the 

GIS environment for further implementation. 

6 ERDAS For the classification of the satellite images. 

Source: Organized by researcher, (2024) 

Table7: Tools used for the study 

NO Tools  Uses 

1 Camera To take pictures during the field observation. 

2 GPS  for collecting different points, which were utilized for ground truth 

4 USGS website The source of satellite image free of charge 

Source: Organized by researcher, (2024) 

3.6.2. Primary Data Collection Instruments 

Questionnaires: The primary data gathered using questionnaires. Five Likert ratings of 

powerfully agree to muscularly disagree were used to gauge respondents’ perceptions of the 

factors and individuals that significantly influenced the rapid expansion of Dukem sub city. 

Reports, court records, old study materials, and socioeconomic data were the primary 

sources for the secondary data. After the appropriate data collected, SPSS 27 and Excel 

software deployed to process the data. The mean, mode, median, and standard deviation used 

to arrange and analyze the data using expressive and inferential arithmetical techniques. Also 

included were tables, graphs, and descriptive analyses that displayed ordered data. 

Observations: -Ground truth data on the field collected by direct observation in the study 

area. The researcher observed and collected the necessary visual information with the help 

of camera on the existence of urban expansion. 
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3.6.3. Secondary Data Collection Instruments 

Satellite Imageries: To determine the growth of urban expansion over a decade, the 

researcher utilized SPOT 5 satellite imagery from 2006 and compared it with the classified 

satellite imagery obtained from the built-up area of the satellite image of 2016. The spatial 

analysis method was employed using RS and GIS techniques. The study area, Dukem sub 

city, was assessed for urban expansion and changes using satellite images from 1996, 2006, 

2016, and 2024. These images were downloaded from various sources such as Google Earth, 

SPOT 5, SENTINEL, and Explore USGS website, and then processed and analyzed using 

GIS 10.8 software, Q GIS software and ERDAS IMAGINE 2016 for accuracy assessment. 

Table8: Data Collection methods and materials 

Types of data Sources Uses 

Boundary of Dukem sub 

city  

Bishoftu city land 

administration office  Subset/extract area of study 

Landsat (5,7,8 sensor)  USGS earth explorer  For classification of LULC types. 

DEM  USGS earth explorer  For knowing terrain types 

ARC GIS 10.8 ESRI  Data processing and preparation  

ERDAS Imagine 2015  Image pre _processing  

Ground truth  GIS Software For accuracy assessment validation 

Source: Organized by researcher, (2024) 

3.7. Sample Size 

The sampling frame to identify respondents was the list of 126 representatives working and 

living in Dukem Sub city. The paper analyzed the urbanization process (land use land cover 

change) of Dukem sub city urban expansion to improve the results of this paper too. 

3.8. Sampling Techniques 

A purposive sampling technique used to target specific groups with in-depth knowledge 

about the urban expansion process, ensuring that the sample was representative of the key 

respondents insight involvement. Accordingly, the representativeness of the mark cluster 

from administrators (one from each of the three woredas=3). Professionals from the land 

improvement and administration office (select four depending on their educational 

background from each of the three woredas=12). Elderly people (three from each of the nine 

kebeles =27). Industry owners/representatives (all old aged large skale industries and/or 

warehouses =48) and Kebele managers (select four depending on their educational 

background from each of the three kebeles=36).  In order to know what is in charge for 

Dukem Municipality extension. As a result, 126 respondents were considered for the poll, 

including 51 office workers and 75 residents of the town. 
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Out of the 126 respondents scheduled for the survey, 121 (47 from office workers and 73 

from communities) were personally surveyed from all nine kebele’s in the municipality. 

Five Likert scales of powerfully agree to strappingly disagree were used to determine how 

the community of the town saw the officials, experts, Kebele administrators, and other 

stakeholders. The survey’s questionnaire was mostly written in English before being 

translated into the regional language afan Oromoo. All respondents to the chosen sample 

were given the same questionnaire by the researcher. 

3.8.1. Study Variables 

In order to meet the aim of the study, to investigate urban expansion trends & its effects on 

land use land covers (LULC) change in the case of Dukem sub city, study variables such as 

background of respondents, urban expansion driving factors, land use land cover (LULC) 

characteristics and rate of change were used. 

The status or background of town community and government office employees (experts 

and officials) variables such as gender, age, level of educations, field of expertise, & 

workplace were studied. The driving factors were considered in this study as determinants 

of urban expansion of Dukem sub city. It take different forms but the most obvious forces 

include eleven (11) variables such as Residential Preferences, Population Size, 

Transportation Accessibility, Road infrastructure, Ineffective land management, 

Development policies, existence of industries, Job Opportunity, Investment pressure, 

Environmental Awareness, Location of Dukem sub city. 

The land cover change detection characteristics were used for assessing the spatial and 

temporal land use land cover (LULC) change in the study area. Four (4) land use land cover 

(LULC) variables were selected for the purpose: built-up area, agricultural area, green area, 

bare land/open space and forest. The total areas covered by each class in each study year 

were calculated and the amount and rate of change for each land cover classes analyzed. 

3.8.2. Types of Variables and Measuring Techniques 

The types of variables were used for this study along with their analysis and measurement 

techniques are specified and presented in detail as shown in (Table 9). 
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Table 9: Study Variables and Measuring Methods 

 Variables Measuring methods 

1 gender, age, level of educations, field of expertise, & 

workplace,  

Descriptive statistics graphs 

were used. 

2 Driving Factors of urban expansion: Residential 

Preferences, Population Size, Transportation 

Accessibility, Road infrastructure, Ineffective land 

management, Development policies, existence of 

industries, Job Opportunity, Investment pressure, 

Environmental Awareness & Location 

Using five-point Likert scales 

from strongly agree to strongly 

disagree & descriptive statistics 

were applied to the findings. 

3 Characteristics of LULC: Built-up Areas, Vegetation 

Area, Agriculture & bare land 

There were maps, graphs, & 

charts to be used. 

4 Rate of change Graphs and charts were used 

Source: Organized by researcher, (2024) 

3.9. Data Processing Method 

The activities were conducted under this portion include acquisition of satellite images for 

four years 1996, 2006, 2016 and 2024, image preprocessing, image classification and 

categorical map generation, accuracy assessment, LULC change detection and spatial 

expansion analysis. 

3.9.1. Image Preprocessing 

In Preprocessing, Satellite images were downloaded from Earth Explorer website USGS 

Landsat archive website and layers tacked after extracting the compiled file. Image 

collection and favorite of seasons are based on data availability and free from cloud 

coverage. After data acquisition, image to image geometric rectification done using satellite 

image acquired in 1996, 2006, 2016 and 2024, using ArcGIS 10.8 images were re-projected 

and calibrated using Projection UTM Zone 37N, Datum WGS 1984 to make it fit with 

Landsat images and the study area. 

3.9.2. Image Classification 

After the image preprocessing activities, one of the actual tasks of the study is image 

classification which is the basis for change detection activity. There are two methods for 

image classification. The first is Supervised image classification comprises picking pixels 

that characterizes land cover classes that are accepted by the specialist. The second is 

Unsupervised image classification which is more computer automated. It supports the 

specialist to specify some factors that the computer uses to reveal statistical patterns that are 

essential in the data (Tadesse et.al. 2001). 

Due to related spectral features the application of unsupervised classification may not give 
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decent consequences. As a result, supervised image classification was employed for this 

study. Supervised classification needs the selection of training areas to get precise 

classification output. It is strongly based on the quality and quantity of training samples to 

create decent quality classification results (Ahlam, 2017). 

3.9.3. Accuracy Assessment 

After classification of satellite images, Accuracy assessment is the final step in the analysis 

of remote sensing data which help us to verify how accurate our results are. It is carried out 

once the interpretation/classification has been completed. One such method is a contingency 

table (confusion matrix) which is produced from a random sample of individual pixels or 

clusters compared to "known" cover conditions over the same pixel areas. This can give us 

a percentage of „correctness‟ of the classification result (Campbell, 1996). 

The most usually applied procedures of accuracy assessment include producer’s accuracy, 

user’s accuracy, overall accuracy and Kappa coefficient (Anupam, 2017). All of these 

procedures applied to crisscross the performance of classification activities for the years 

from 1996 to 2024. The equations are adopted from Anupam, (2017). 

a) Accuracy or Producer’s Accuracy: - Producer’s accuracy is defined as the probability 

that any pixel in that category has been correctly classified (Anupam, 2017). It is 

calculated as shown in (Equation 1). 

 

 

b) Reliability or User’s Accuracy: - User‟s accuracy is defined as the probability that a 

pixel classified on the image actually represents that category on the ground (Anupam, 

2017). It is calculated as shown in (Equation 2). 

 

 

c) Overall Accuracy: - The collective accuracy of map for all the classes can be described 

using overall accuracy, which calculates the proportion of pixels correctly classified 

(Anupam, 2017). The overall accuracy is calculated as shown in (Equation 3). 

 

 

  Total number of correct pixels in a category   

Total number of pixels of that category derived 

from the reference data (i.e., row total) 

Producer’s Accuracy % =                                                                            100….eq. (1) 

  Total number of correct pixels in a category   

Total number of pixels of that category derived 

from the reference data (i.e., column total) 

User’s Accuracy % =                                                                          100%……..eq. (2) 

   Sum of the diagonal elements (true samples)  

Total number of accuracy sample pixels 
Overall Accuracy % =                                                                           100%..........eq. (3) 
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d) KAPPA Coefficient: - Overall accuracy is a measure of accuracy for the entire image 

across all classes; it ignores off-diagonal elements such as errors of omission and 

commission. Further, it is difficult to compare different overall accuracy values if 

different number of accuracy sites were used. This paves way for use of other accuracy 

assessment methods which is more commonly used method known as Kappa analysis, 

in which off-diagonal elements are incorporated as a product of the row and column 

marginal totals (Anupam, 2017). Kappa analysis generates a kappa coefficient or Khat 

statistics, the values of which range between 0 and 1. Kappa coefficient (Khat) is a 

measure of the agreement between two maps taking into account all elements of error 

matrix (Anupam, 2017). It is defined in terms of error matrix as shown in (Equation 4). 

Khat = (Obs – exp) / (1 – Exp) ……………….…………………………………….......Eq. (4) 

Where, Obs = Observed correct, it represents accuracy reported in error matrix (overall 

accuracy) Exp = Expected correct, it represents correct classification. 

3.9.4. Land Use Land Cover (LULC) Classes 

During the classification process, it is rare to find clearly defined classes that one would like. 

Before collecting training samples, the land cover classes should be known so as to make 

the classification easier. This study has been established its own classification scheme based 

on visual interpretation of satellite images. Therefore, as the main objective of the study is 

change detection of land-use/ Land cover and measuring urban expansion of Dukem sub 

city, four (4) LULC main categories were selected for the purpose: built-up area, agricultural 

area, vegetation, and bare land/open space as shown in (Table 10). 

Table10: Land-use land-cover (LULC) categories applied for classification in the study 

no Land use Category Description 

1 Built-up Area Areas covered by include all developed areas roads, buildings, 

housing units, commercial and resident areas, under construction 

areas, industries and manufacturing etc. 

2 Agricultural Area Areas covered by include all areas employed for agricultural 

activities farmland and crop (grazing). 

3 Vegetation area Areas covered by vegetation of any type, including other pockets 

of green areas and trees forming closed or nearly closed canopies 

4 Bare land Areas covered by open spaces with little or no vegetation, sands, 

rocky areas and fenced land for investment purpose i.e., not built 

Source: Organized by the researcher, (2024) 

3.10. Data Analysis and Interpretation 

Data analysis methods such as trend analysis, LULC change detection analysis, spatial 

expansion rate analysis and qualitative data analysis of analysis were used.  
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3.10.1. Trend Analysis 

In order to map urban expansion trends and measure its effects on land use land covers 

(LULC) change of Dukem sub city, four periods of years 1996, 2006, 2016 and 2024 were 

selected because during those periods the town expansion was very high and those years 

were critical boom period of change. The urban expansion maps of the study area was 

created using ArcGIS 10.8 analysis tools. Using Georeferencing techniques, Landsat TM 

was Georeferenced and finally clipped with the existing shape file of the study area. 

Different land use categories are dictating from the satellite imageries. 

In the process of screen digitizing some features in the imageries may not properly 

identified, so to solve such problem images of the study area were processed based on the 

visual elements or characteristics of satellite image interpretation techniques of the, i.e. 

patterns, tones, textures, shapes, shadow, association and aspect of the features to derive 

information about LULC features. The acquired land use statistics data were presented and 

analyzed by using tables, figures, charts and reports.  

3.10.2. LULC Change Detection Analysis 

After determining the land cover features in the image processing, image classification and 

categorical map generation, reclassification section, the next step is land cover change 

detection (LULC) change detection and spatial expansion analysis. Land cover change 

detection is the process of assessing the spatial and temporal land use/ land cover change in 

the study area (Ahlam, 2017). It is the identification of variations in land cover types by 

observing a specified area at different times using multi-temporal data sets from satellite 

images (Sewunet, 2017). Spatialtemporal satellite images of a specified geographic area 

were processed and classified to produce thematic maps for 1996, 2006, 2016 and 2024 then 

the classified maps were compared and overlaid to visualize the changes on the area in the 

span of time. 

It is also possible to compute the amount of increase or decrease of each category and see 

the change in percent in each year using the following formula (Sewunet, 2017) as shown 

in (Equation 5). 

 

Where T1 is earlier point of time and T2 is the later or recent point of time in the series. 

 

Change in % =                                                                100%................................eq. (5)    Total Area in T2 – Total Area in T1   

Total Area in T1 
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3.10.3. Spatial Expansion Rate Analysis 

The dynamic degree of spatial structure is an indicator that can reflect rate of spatial 

expansions and were calculated using the formula (Sewunet, 2017) as shown in (Equation 

6). Where DC is the dynamic change rate of urban expansion for a period, T1 and T2 are 

specific years, BA1 is total built-up area at time T1, and BA2 is total built-up area at T2. 

 

Where DC is the dynamic change rate of urban expansion for a period, T1 and T2 are specific 

years, BA1 is total built-up area at time T1, and BA2 is total built-up area at T2. The total 

areas covered by each class in each study year will be calculated and the amount and rate of 

change for each land cover classes should be analyzed. 

3.10.4. Qualitative Data Analysis 

Open-ended questions for respondents to express their concerns, or comments which are not 

included in the closed-ended questions related to the driving factor contributed a lot for the 

rapid expansion of Dukem sub city. Accordingly, the questionnaires were distributed 

purposively for all the sample respondents along with close-ended questionnaires. On the 

other hand, it is also believed that, it helps to triangulate the response provided by close-

ended question concerned to the driving factor contributed a lot for the rapid expansion of 

Dukem sub city with their responses of open-ended question. For the analysis of these data, 

the response was grouped and coded according to their concern into major themes. These 

themes identified were analyzed along with the result of close-ended questionnaires based 

on the relationships of their concern. 

3.11. Ethical Consideration 

The following ethical considerations had been made during the entire investigation: All 

references used had been cited, information would only be shared with permission, and any 

information gathered about them would remain confidential. There would be no inaccurate 

or biased reporting in the theory. 

 

  

     1       

T2-T1 
DC =                                                 100%................................................eq. (6)   BA2 – BA1 

BA1 
X 
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CHAPTER FOUR 

4. RESULT AND DISCUSSION 

Dukem is rapidly expanding since its delineation to industrial zone. In this study, an attempt 

has been made to compute the built up expansion of the town from 1996 to 2024. To quantify 

the magnitude of urban expansion satellite images were used. The study is focused on the 

delineated Dukem sub city boundary. This covers a total area of about 4,245 hectare. The 

study is also estimated the future growth direction of the town for the coming year 2030. 

In order to meet one of the study's specific objectives namely, identifying and delineating 

different Land Use Land Cover change (LULCC) categories and pattern of land use change 

the data was analyzed using remote sensing and arc-GIS. The discussion of the information 

gathered on quantifying and mapping of the spatial patterns and drivers of urban expansion. 

The Case of Dukem Sub City, Bishoftu Town, Ethiopia as follows. The data analysis, 

interpretation, and discussion of the research findings concerning mapping and delineating 

different Land Use Land Cover included in this chapter.  

4.1. Change Detection 

To quantify the magnitude of urban expansion satellite images were used. Accordingly, trend 

or change detection has been done first by image preprocessing (un-supervised) and then 

image processing (supervised). 

4.1.1. Images used for Change Detection 

Image preprocessing or un-supervised land use land covers (LULC) change of Dukem sub 

city maps were produced for the periods of year 1996, 2006, 2016 and 2024 as presented in 

(Figure 6). Satellite images of Dukem sub city at different years to assess urban expansion 

and changes were obtained using remote sensing from Earth Explore USGS Landsat web 

site. Accordingly, Landsat-7 images of 1996 & 2006 and Landsat-8 images of 2016 & 2024 

were used based on its availability. Image selection and preference of seasons was based on, 

one for its free availability of the data and the other it was free from cloud coverage. 

Activities such as image clipping by the study area, re-projection, and image resolution 

merge were done for all images. 
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Figure 6: Satellite images used in analysis for LULCC of Dukem sub-city 

 

4.1.2. Land Use Land Cover from 1996-2024 

Image processing or supervised land use land covers (LULC) change of Dukem sub city 

maps were produced for the periods of year 1996, 2006, 2016 and 2024 as presented in 

(Figure 7). These maps show vegetation with green color, built-up area with red color, the 

light yellow is agricultural area and the gray color is barren land. The change in areal 

coverage for each periods of year from 1996 to 2024 is clearly presented on the maps. At the 

beginning in 1996, Dukem sub city occupied only small area at the center of the town. The 

result also shows that there was no much change in years between 1996 and 2006 but the 

town began to expand a little bit towards the north to Addis Ababa city and to the south 

Bishoftu town following the major asphalt road of eastern corridor. The growth of the town 

dramatically changed between the years 2006 and 2016 following the development of 

Eastern Industry Zone (EIZ) and Ethio Djibouti Heavy Railway line pass in the town was a 

major development activity that contributed a lot for the growth of Dukem sub city during 

those periods. The growth of the town continued between the years 2016 and 2024 

particularly infill developments in terms of residential development. 
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Figure7: Showing Supervised LULC Conversion in 1996, 2006, 2016 and 2024 

 

The town has been grown intensely in all directions between the years 1996 and 2024. Built-

up area were increased dramatically from 260.154 hectares (2.251%) in 1996 to 1576.17 

hectares (13.638%) in 2024 this indicated that built areas consuming a considerable amount 

of other land use land cover types. While bare land land highly decreased in all years from 

4980.42 hectares (43.093%) in 1996 to 3064.32 hectares (26.514%) in 2024 which indicating 

its highest contribution to built-up areas. The trend of other categories varies increasing and 

decreasing at various times particularly a lot in the past twenty-eight (28) years. The increase 
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in barren land in 2016 was the result of land taken by investors but not developed yet and 

due to the existence of areas like rock and gully areas which area unsuitable for agricultural 

areas, but this decreased later dramatically in 2024 showing the utilization of these areas for 

agricultural land and its conversion into built-up areas. 

 
Figure8: change detection map of 1996 up to 2024 
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Table11: change detection results of the year 1996 to 2024 

FID CHANGE_1996 to 2014 AREA_CHANG 1996 to 2024 

1 Built Up -Built Up 29.67 

2 Biult Up -Vegetation 4.6231 

3 Biult Up -Agriculture 131.03 

4 Biult Up -Bare Land 66.35 

5 Agriculture -Biult Up 1016.37 

6 Agriculture -Vegetation 44.82 

7 Agriculture -Agriculture 3852.52 

8 Agriculture -Bare Land 717.92 

9 Bare Land -Biult Up 501.95 

10 Bare Land -Vegetation 748.05 

11 Bare Land -Agriculture 1684.31 

12 Bare Land -Bare Land 2062.15 

13 Vegetation -Biult Up 40.1 

14 Vegetation -Vegetation 347.61 

15 Vegetation -Agriculture 152.94 

16 Vegetation -Bare Land 142.02 

 

 

Figure 9: change detection map of 1996 up to 2024 

 

4.1.3. Land Use Land Cover from 1996-2006 

At the beginning in 1996, Dukem sub city occupied only small area at the center of the town. 

The result also shows that there was no much change in years between 1996 and 2006 but 

the town began to expand a little bit towards the north to Addis Ababa city and to the south 

Bishoftu town following the major asphalt road of eastern corridor.  
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Table12: change detection results of the year 1996 to 2006 

LAND USE 

LAND COVER 

CATEGORY 

LULC 1996 LULC 2006 
CHANGE 1996 To 

2006 

AREA(HE) PAR% AREA(HE) PAR% AREA(HE) PAR% 

BUILT UP 260.154 2.251 356.27 3.09 96.116 2.251 

VEGETATION 726.098 6.28 1705.45 14.76 979.352 8.48 

AGRICULTURE 5590.845 48.376 5049.38 43.68 -541.465 -4.696 

BARE LAND 4980.42 43.093 4446.43 38.47 -533.99 -4.623 

 

 

Figure 10: change detection map of 1996 up to 2006 

4.1.4. Land Use Land Cover from 2006-2016 

The change in areal coverage for each periods of year from 1996 to 2024 is clearly presented 

on the maps see (figure 8 & 9). The growth of the town dramatically changed between the 

years 2006 and 2016 following the development of Eastern Industry Zone (EIZ) and Ethio 

Djibouti Heavy Railway line pass in the town was a major development activity that 

contributed a lot for the growth of Dukem sub city during those periods. 

Table13: change detection results of the year 2006 to 2016 

LAND USE 

LAND COVER 

CATEGORY 

LULC 2006 LULC 2016 
CHANGE 2006 To 

2016 

AREA( HE) PAR% 
AREA( 

HE) 
PAR% AREA(HE) PAR% 

BUILT UP 356.27 3.09 529.866 4.585 173.596 1.495 

VEGETATION 1705.45 14.76 958.304 8.292 -747.146 -6.468 

AGRICULTURE 5049.38 43.68 5070.21 43.869 3364.76 0.189 

BARE LAND 4446.43 38.47 4999.15 43.254 552.72 4.784 

 

AREA(HE) PAR% AREA(HE) PAR% AREA(HE) PAR%

LULC 1996 LULC 2006 CHANGE 1996 To 2006

BUILT UP 260.154 2.251 356.27 3.09 96.116 2.251

VEGETATION 726.098 6.28 1705.45 14.76 979.352 8.48

AGRICULTURE 5590.845 48.376 5049.38 43.68 -541.465 -4.696

BARE LAND 4980.42 43.093 4446.43 38.47 -533.99 -4.623
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Figure 11: change detection map of 2006 up to 2016 

4.1.5. Land Use Land Cover from 2016-2024 

The change in areal coverage for each periods of year from 1996 to 2024 is clearly presented 

on the maps see (figure 8 & 9). The growth of the town continued between the years 2016 

and 2024 particularly infill developments in terms of residential development. 

Table14: change detection results of the year 2016 to 2024 

LAND USE 

LAND COVER 

CATEGORY 

LULC 2016 LULC 2024 
CHANGE 2016 To 

2024 

AREA( HE) PAR% 
AREA( 

HE) 

PAR

% 
AREA( HE) PAR% 

BUILT UP 529.866 4.585 1576.17 13.638 1046.304 9.053 

VEGETATION 958.304 8.292 1158.12 10.02 199.816 1.728 

AGRICULTUR

E 
5070.21 43.869 5758.92 49.828 688.71 5.959 

BARE LAND 4999.15 43.254 3064.32 26.514 -1934.83 -16.7 

 

AREA( HE) PAR% AREA( HE) PAR% AREA(HE) PAR%

LULC 2006 LULC 2016 CHANGE 2006 To 2016

BUILT UP 356.27 3.09 529.866 4.585 173.596 1.495

VEGETATION 1705.45 14.76 958.304 8.292 -747.146 -6.468

AGRICULTURE 5049.38 43.68 5070.21 43.869 3364.76 0.189

BARE LAND 4446.43 38.47 4999.15 43.254 552.72 4.784
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Figure 12: change detection map of 2016 up to 2024 

 

4.1.6. Accuracy Assessment for Each Period 

Accuracy assessment for each category as well as for the whole image done to compare the 

results of various classification techniques and quality and reliability of the results obtained. 

Sampling size is an important consideration for accuracy assessment and sufficient number 

of samples was taken which ranges between 35 and 105 pixel samples for each classes. To 

compute accuracy, an error matrix is created to show the difference between classified 

categorical maps and their conforming actual reference maps.  

The values along the diagonal represent the number of correctly classified points or true 

sample pixels. All non-zero values off the diagonal show discrepancy of the classified image 

and reference image which is error of omission (processing error) and commission 

(command error). Commission errors are incorrect inclusions and specify number of points 

whose pixels incorrectly included to column categories but omission errors are incorrectly 

excluded pixels from row categories.  

a) Producer’s Accuracy: - The producer’s accuracy informs the image analyst of the 

number of pixels correctly classified in a particular category as a percentage of the total 

number of pixels actually belonging to that category in the image and calculated by using 

(Equation 1). Accordingly, the producer’s accuracy for other categories varies between 

31.58% and 100.00% for all years, which indicates that the classification performances 

were reliable and the results are acceptable.  
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LULC 2016 LULC 2024 CHANGE 2016 To 2024

BUILT UP 529.866 4.585 1576.17 13.638 1046.304 9.053

VEGETATION 958.304 8.292 1158.12 10.02 199.816 1.728

AGRICULTURE 5070.21 43.869 5758.92 49.828 688.71 5.959

BARE LAND 4999.15 43.254 3064.32 26.514 -1934.83 -16.7
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b) User’s Accuracy: - The user’s accuracy is computed using the number of correctly 

classified pixels to the total number of pixels assigned to a particular category. It is the 

probability that a pixel classified on the image actually represents that category on the 

ground and calculated by using (Equation 2). Accordingly, the results showed that user‟s 

accuracy varies between 69.44% and 100.00% for the year 2006, 84.38% and 100.00% 

for the year 2016 and 75.00% and 90.63% for the year 2024. So, the results in  producer’s 

and user’s accuracy indicated that the performance of image and its classification was 

achieved very well and the error margins are within acceptable accuracy. 

Table 15: Accuracy assessment results of the year 1996 

Class Name Reference Classified Number Producers 

Accuracy 

Users 

Accuracy 

BUILT UP 39 29 27 83.00% 89.71% 

VEGETATION 31 43 41 98.77% 81.00% 

AGRICULTURE 34 29 39 97.67% 95.63% 

BARE LAND 42 22 21 66.67% 83.95% 

Totals 121 121 100   

Overall Classification Accuracy =     91.24% 

Overall, Kappa Statistics = 0.898 

Computed accuracy assessment of the year 1996 for 100 total number of pixels and 121 

classified land use/land cover found an overall accuracy of 91.24% with a kappa coefficient 

of 0.898, with user's accuracy ranging from 81.00% to 95.3% and producer's accuracy from 

66.67% to 98.77%. 

Table16: Accuracy assessment results of the year 2006 

Class Name Reference Classified Number Producers 

Accuracy 

Users 

Accuracy 

VEGETATION 25 36 25 100.00% 69.44% 

BUILT UP 19 6 6 31.58% 100.00% 

AGRICULTURE 41 36 34 82.93% 94.44% 

BARE LAND 23 30 23 100.00% 76.67% 

Totals 108 108 88     

Overall Classification Accuracy =   81.48% 

Overall Kappa Statistics = 0.7454 

Computed accuracy assessment of the year 2006 for 88 total number of pixels and 108 

classified land use/land cover (LULC) found an overall accuracy of 81.48% with a kappa 

coefficient of 0.745, with user's accuracy ranging from 69.44% to 100.00% and producer's 

accuracy from 31.58% to 100.00%. 
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Table17: Accuracy assessment results of the year 2016 

Class    Name  Reference Classified Number Producers 

Accuracy 

Users 

Accuracy 

    AGRICULTURE 44 39 39 88.64% 100.00% 

       BUILT UP 30 32 27 90.00% 84.38% 

     VEGETATION 28 27 24 85.71% 88.89% 

      BARE LAND 28 32 28 100.00% 87.50% 

         Totals 130 130 118     

Overall Classification Accuracy =     90.77% 

Overall Kappa Statistics = 0.8759 

Source: Satellite image analysis of 2016 using GIS (2024) 

Accuracy assessment of the year 2016 for 118 total number of pixels and 130 classified land 

use/land cover (LULC) found an overall accuracy of 90.77% with a kappa coefficient of 

0.876, with user's accuracy ranging from 84.38% to 100.00% and producer's accuracy from 

85.71% to 100.00%. 

Table18: Accuracy assessment results of the year 2024 

Class Name Reference Classified Number Producers 

Accuracy 

Users 

Accuracy 

BUILT UP 30 28 24 80.00% 85.71% 

VEGETATION 31 40 30 96.77% 75.00% 

AGRICULTURE 30 32 29 96.67% 90.63% 

BARE LAND 30 21 17 56.67% 80.95% 

Totals 121 121 100   

Overall Classification Accuracy =     82.64% 

Overall Kappa Statistics = 0.7684 

Computed accuracy assessment of the year 2024 for 100 total number of pixels and 121 

classified land use/land cover (LULC) found an overall accuracy of 82.64% with a kappa 

coefficient of 0.768, with user's accuracy ranging from 75.00% to 90.63% and producer's 

accuracy from 56.67% to 96.77%. 

c) Overall Accuracy: -The combined accuracy of map for all the classes can be described 

using overall accuracy, which calculates the proportion of pixels correctly classified. 

Accordingly, an overall accuracy results showed that 91.24%, 81.48%, 90.77% and 

82.64% for the year 1996, 2006, 2016 and 2024 classified maps respectively. 

d) Kappa Analysis: - Kappa analysis generates a kappa coefficient or statistics. It is a 

measure of the agreement between two maps taking into account all elements of error 

matrix. The values are varies between 0 and 1 and thus the results converging to 1 show 

excellent conformation between the classified map and reference image. Accordingly, It 

was calculated using (Equation 4), an overall kappa statistics results indicated 0.90, 0.75, 

0.88 and 0.77 for the year 1996, 2006, 2016 and 2024 classification maps respectively. 
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Therefore, Kappa coefficient implies that the classification process was avoiding 90%, 

75%, 88% and 77% of the error that a completely random classification would generate. 

Because it is a capable regulating PCC index and uses off diagonal data to determine the 

coefficient displayed on the ground, Kappa coefficient is a better estimate than overall 

accuracy. 

Table19: Kappa coefficient value interpretation for argument 

Value of kappa Interpretation of agreement 

81% - 100% Excellent  

61% - 80% Very good 

41%-60% good 

21%-40% satisfactory 

≤ 20% Slight agreement  

00% Poor agreement 

4.2.Land use Land covers (LULC) Analysis for Each Period 

To detecting and analyzing LULCC of Dukem sub city, the following steps conducted: 

Data acquisition: Landsat images from USGS (United States geographical survey) used 

Aerial photos of 1996, 2006, 2016 & 2024 of the study areas and ERDAS IMAGINE 2015 

for accuracy assessment. After which the classified maps are compared and stack to visualize 

changes over time. The increase and/or decrease of each type and see the percentage change 

per year is also calculated. 

Justification of Data: Dukem sub city got its structural plan in 1996 as one of town in Oromia 

regional state. Clear Landsat images from USGS of the town begins from 2007. Landsat 

Thematic Mapper (TM) images for 1996 and SPOT 5 satellite images were used as sources. 

To provide consistent historical time series data and spatial and temporal dynamics of land 

use change the consecutive five years detected and analyzed in combination with geographic 

information systems (GIS) and global positioning systems (GPS) to assess land cover 

changes more efficiently than using data alone. 
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Figure 13: satellite ground truth of Dukem sub city 
 

4.2.1. Land use Land cover (LULC) in 1996 

In this year 1996, the settlement of Dukem sub city was slowly expanded since many 

industries were on the process of establishment in the town. Similar to the year 2006 the land 

use land cover classes that covered the highest share of total area were agricultural land 

which was about 5590.845ha (48.376%) of the total area in the town boundary.  

Table 20: Land use land cover (LULC) of 1996 

No. LULC type Area coverage in Ha Area coverage in % 

1 BUILT UP 260.154 2.251 

2 AGRICULTURE 5590.845 48.376 

3 BARE LAND 4980.42 43.093 

4 VEGETATION 726.098 6.28 

  11557.517 100 
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Likewise, a relatively considerable amount of the area was covered by built-up areas 

260.154ha (2.251%) followed by vegetation 726.098 ha (6.28%), and barren land 4980.42ha 

(43.093%) see also (Table 20 and figure 14). 

 

Figure 14: Land use land cover (LULC) of 1996 

4.2.2. Land use Land cover (LULC) in 2006 

After 10 years in 2006, the land use land cover (LULC) of the study area was intensely 

changed. Agricultural land again covered the highest share of total area which was about 

5049.38ha (43.68%), followed by bare land and vegetation which was 4446.43ha (38.47%) 

and 1705.45ha (14.76%) respectively.  

Table21: Land use land cover (LULC) of 2006 

No. LULC type Area coverage in Ha Area coverage in % 

1 VEGETATION 1705.45 14.76 

2 AGRICULTURE 5049.38 43.68 

3 BARE LAND 4446.43 38.47 

4 BUILT UP 356.27 3.09 

Total  11557.53 100 

 

There is an increase in built up area in this year 2006. However, it constitutes the smallest 

portion of the total area in the town boundary which was 356.27ha (3.09%). See (Table 21 

and figure 15). 
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Figure 15: Land use land cover (LULC) of 2006 

4.2.3. Land use Land cover (LULC) in 2016 

Except vegetation area, that shows decreasing in coverage constituting, 958.304ha (8.292 %), 

all land use land cover (LULC) change of the town was show increment change during 2024.  

Table22: Land use land cover (LULC) of 2016 

No. LULC type Area coverage in Ha Area coverage in % 

1 AGRICULTURE 5070.21 43.869 

2 BIULT UP 529.866 4.585 

3 VEGETATION 958.304 8.292 

4 BARE LAND 4999.15 43.254 

Total  11557.53 100 

 

Built-up area, bare land and agriculture land use land cover (LULC) constituted about 

529.866ha (4.585 %), 4999.15ha (43.254%), and 5070.21ha (43.869%) consecutively. See 

(Table 22 and figure 16 below). 

 
Figure16: Land use land cover (LULC) of 2006 
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4.2.4. Land use Land cover (LULC) in 2024 

During 2024, the land use land cover change of the town was changed. Agriculture was the 

dominant land use land cover (LULC) constituted about 5758.92ha (49.828%).  

Table 23: Land use land cover (LULC) of 2024 

No. LULC type Area coverage in Ha Area coverage in % 

1 BUILT UP 1576.17 13.638 

2 VEGETATION 1158.12 10.02 

3 AGRICULTURE 5758.92 49.828 

4 BARE LAND 3064.32 26.514 

Total  11557.53 100 

The remaining portion of the area in the town boundary was covered by other LULC classes 

bare land 3064.32ha (26.514%), built up 1576.17 ha  (13.638%) and vegetation 1158.12ha 

(10.02%) respectively. LULC of bare land area indicated the peak rate of decline. The 

remaining land use land cover classes showed increment over these 28 years. See (Table 23 

and figure 17). 

 

Figure 17: Land use land cover (LULC) of 2006 

4.3.  Classification and Results Comparison of LULC maps (1996-2024) 

Under this section, land use land cover change if Dukem sub city in relation with other land 

uses for four consecutive decades (1996, 2006, 2016 & 2024) was analysed. The current 

situation in the study area explained based on the field observation data too See (Table 24 

and figure 18).  

Table24: Land use land cover Change analysis from 1996-2024 

LULC  

category 

LULC 1996 LULC 2006 LULC 2016 LULC 2024 

Area 

( hec) 
par% 

Area 

( hec) 
par% 

Area 

( hec) 
par% 

Area 

( hec) 
par% 

Built up 260.154 2.251 356.27 3.09 529.866 4.585 1576.17 13.638 

Vegetation  726.098 6.28 1705.45 14.76 958.304 8.292 1158.12 10.02 

Agriculture  5590.845 48.376 5049.38 43.68 5070.21 43.869 5758.92 49.828 

Bare land 4980.42 43.093 4446.43 38.47 4999.15 43.254 3064.32 26.514 
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Before commencing the analysis, it is crucial to understand the meaning of Land Use (LU) 

and Land Cover (LC) dynamics. Land use pertains to the process of managing and altering 

the natural environment or wilderness into a built environment, including settlements, and 

semi-natural habitats. Land cover refers to the physical material observed at the Earth's 

surface, including vegetation, water, soil, and man-made features. Land cover is subject to 

change over time due to natural or human factors. 

 
Figure18: Land use land cover (LULC) of 1996 up to 2024 

The evolution of the coverage of each category from 1996 to 2024 is clearly visible on the 

maps presented. At the beginning of 1996, Dukem was a very small, scattered settlement, 

but a vast bare land coverage, occupying about half of its total area. As a result, at the end 

of 2024, Dukem bare land is very small and rapidly declining, representing only a fraction 

of the area. In other words, it consumed. Varies by agricultural establishment or urban area. 

In general, based on 28 years of land use, population or built-up areas are increasing at 

alarming rates, forcing uncontrolled urbanization.  

  
Figure19: Showing rapid expansion of residence in dukem sub city, Tedecha wereda 
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The rapid expansion of cities leads to the loss of huge amounts of land resources and 

sensitive environmental impacts such as soil erosion, soil degradation, air pollution and 

disturbances Environmental. As per the broke down land use land cover hung on 28 years 

(1996, 2006, 2016 and 2024) of the postulation yield the settlement or developed region has 

been addressed graphically and shows the additional example of metropolitan extension. 

4.4.  Examining and analyzing of spatial patterns of Dukem sub city 

 
Figure20: Classified images of Dukem sub city 

Remote sensing data corresponding to the study region downloaded from Landsat public 

repositories were preprocessed as described in the methods section. The preprocessed data 
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were then used to derive the land cover of the region for different time periods using 

Normalised Difference Vegetation Index (NDVI). Figure20 illustrates the land cover 

computed for the period 1996 to 2024 through NDVI for Dukem sub city. The negative value 

indicates the absence of vegetation and presence of land cover such as built-up, water, sand, 

etc. The increasing value from 0 indicates the presence of vegetation. The results of the land 

cover analysis showed that the vegetation cover has declined during the past four decades 

with the increase in non-vegetative area (buildings, open space, water etc.). Land use 

analysis is done to understand the status of various land use classes in the area. 

4.5. Change in Built-up Area (1996-2024) 

Change in built-up area between the year 1996 and 2024 mapped and compared to find the 

changes by visualizing all the classification results. It is to show the expansion of built-up 

area in each year.  

Table25: Built-up Area Change analysis from 1996-2024 

No  Year  Built-up Area (Ha)  Urban Expansion (HA)  Urban Expansion (%) 

 1996 260.154 -  

 2006 356.27 96.116 36.945 

 2016 529.866 173.596 48.728  

 2024 1576.17 1046.304 197.467 

 

The change in each year were shown on the map with the red color representing the built-up 

area for 1996 to 2024 and the result represents the profound expansion of built-up area in 

2024. The expansion of built-up area from 1996 to 2024 was covered almost double growth 

of the town and increased by a large amount of land which indicated rapid and unprecedented 

urban growth of the town consuming the surrounding non-built-up areas.   

 
Figure21: Change in Built up Area analysis from 1996 to 2024 



52  

 

Figure22: Change in Built up Area comparison between 1996 and 2024 

As showed in (Figure 18, 19 and Table 22), the built up area expansion of dukem sub city 

between 1996 and 2006 was 96.116 ha which was 36.945% expansion, between 2006 and 

2016 was 173.596 ha which was 48.728% expansion and again also the built-up area 

expansion of the town between 2016 and 2024 was 1046.304 ha which was 197.467% 

expansion. The expansion rate between the last two decades shows about double increment 

of urban expansion because of built up area coverage. 

4.6. Examining the drivers of urban expansion in Dukem sub city 

This section involves the analysis of the driver of urban expansion. The driving factors, were 

considered in this study as determinants of urban expansion and they take different forms. 

However, the most obvious forces that identified through questioners (appendix 1), 

interviews and secondary sources increase in population size, investment pressure in 

commerce & service, establishment of industries & manufacturing, development of road 

infrastructure & transportation, housing preference, informal access to land, the prepared 

plans of the town, location and topography of the town. Each factors discussed as follows.  

4.6.1. Social-Demographic Information  

The result of the survey derived from the 121 valid responses out presented to address the 

drivers of urban expansion in Dukem sub city and its environs. The responses to key question 

that define the outcome of the research presented in table, number of responses and 

percentage. The demographic details of the survey respondents shown in (table 26 below), 

which summarizes the findings from the interview and questionnaire's first phase. 
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Table 26: Demographic characteristic of survey respondents 

Profile Options Frequency Percentage 

GENDER Male 80 66.1% 

female 41 33.9% 

AGE 18-29 13 10.7% 

30-44 77 63.6% 

45-59 26 21.5% 

>=60 5 4.1% 

Educational Status Diploma 8 6.6% 

Degree 104 86.0% 

Masters 7 5.8% 

PhD. 2 1.7% 

>= Doctorate 12 11.43% 

Field of Specialization Urban studies 32 26.4% 

Environmental science 29 24.0%% 

Sociology 25 20.7% 

Economics 32 26.4% 

other 3 2.5% 

sector working in Governmental 93 76.9% 

Private Business 22 18.2% 

NGO 6 5.0% 

This table displays the demographic data derived from an ordinal scale for the 121 survey 

participants. The results summarized by frequency and percentage. The respondents 

specifically chosen to offer information on the reliability of the literary components of urban 

expansion in order to ascertain their prior knowledge of smart city issues. 

4.6.2. Descriptive Analysis 

SPSS used to verify the descriptive statistics for each variables hypothesized as driving 

factor for urban expansion in Dukem sub city. The mean, maximum, minimum, standard 

deviation, skewness, and kurtosis values for the smart city dimensions are included in the 

descriptive analysis, as shown in Table 27. The results show the minimum and maximum 

replies on a 5-point Likert scale from the respondents. The results of Table 27 also show that 

the mean values are higher than 2.5 on a 5-point scale. Additionally, the standard deviation 

numbers exhibit a narrow dispersion from the mean, demonstrating consistency and narrow 

spacing in the respondents' replies. In order to confirm the data's normalcy, the results for 

Skewness and Kurtosis were also examined. Skewness and Kurtosis readings for the items 

were below the recommended cutoffs of 3.0 for Skewness and 8.0 for Kurtosis. Therefore, 

this data is very effective hence; mean value is four (4).  
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4.7.Driving Factors Analysis  

In order to generate information regarding the major driving factors responsible for Dukem 

sub city expansion between 1996 and 2024, five Likert scales of strongly agree to strongly 

disagree were used see (Appendix 1). Because since the data collected was based on personal 

perception which varied accordingly based on the attitude toward the factors that contributed 

a lot for rapid expansion of the town.  

In 1-5 Likert scale, the mean value of responses provide insight into the general sentiment 

or attitude of the respondents. 1-Strongly agree, 2-Agree, 3-Neutral, 4-Disagree, 5-Strongly 

Disagree. Mean Value Interpretation:  

a) Mean value of 1.0 to 1.8 indicates most respondents strongly agree with the statement.  

b) Mean value of 1.9 to 2.6 indicates most respondents agree with the statement.  

c) Mean value of 2.7 to 3.4 indicates a tendency towards "neutral". Responses are mixed or 

neutral, suggesting no strong consensus.  

d) Mean value of 3.5 to 4.2 indicates most respondents disagree with the statement and  

e) Mean value of 4.3 to 5.00 indicates a strong tendency towards "strongly disagree". Most 

respondents strongly disagree with the statement. 

Table 27: Descriptive analysis on driving factors 

No  Driving Factors of urban 

expansion 
N  Mean Std. 

Deviation 

Skewness Kurtosis 

1 Residential Preferences 121 2.49** 1.141 0.048 1.160 

2 Population Size 121 1.60* 0.584 0.353 -0.708 

3 Transportation Accessibility 121 2.80*# 0.749 0.343 -1.140 

4 Road infrastructure 121 2.50** 0.896 0.048 -0.726 

5 Ineffective land 

management 

121 1.63* 0.519 -0.169 -1.165 

6 Development policies 121 1.97** 0.795 0.262 -0.851 

7 existence of industries 121 1.51* 0.502 -0.050 -2.031 

8 Job Opportunity 121 2.45** 0.837 -0.245 -0.601 

9 Investment pressure 121 2.59** 1.276 0.305 -1.080 

10 Environmental Awareness 121 1.91** 0.785 0.162 -1.356 

11 Location of Dukem 121 1.82** 0.719 0.286 -1.019 

*(1.0 to 1.8)-Strongly agree, ** (1.9 to 2.6)-Agree, *# (2.7 to 3.4)-Neutral, ## (2.7 to 3.4) 

Disagree, # (4.3 to 5.00)-Strongly Disagree implies to the factors.   

 

Except transportation accessibility that have a tendency towards "neutral “, respondents 

feedback indicates they agreed with those variables raised as drivers of urban expansion in 

Dukem sub city.  Answers to transportation accessibility Responses are either mixed or 
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suggests no strong consensus. Three of driving factors: existence of industries, Population 

Size and Ineffective land management seen as significant. 

4.7.1. Residential Preferences 

With A mean of 2.49, the central tendency of residential preference, respondents are slightly 

leaning towards dissatisfaction but are close to the midpoint of the scale (3). A standard 

deviation indicates that the responses typically vary by about 1.141 units from the mean. 

While some people are close to the average satisfaction level (2.49), others are more spread 

out along the scale. A skewness of 0.048 is very close to zero, indicating that the distribution 

of residential preference is almost symmetrical.  ings is nearly balanced by those who gave 

low satisfaction ratings. There is no significant skew towards either end of the satisfaction 

scale. A kurtosis of 1.16 indicates that there are slightly more extreme values (very high or 

very low satisfaction ratings) than would be expected in a perfectly normal distribution.  

The unprecedented growth of urban population was causing an exceptionally rapid increase 

in the demand for housing in the town. Several people commute between Addis Ababa, 

Adama and Bishoftu for job and many are preferred residing in Dukem sub city. This 

indicates the demand for residence purpose was higher in the town. Expansion of massive 

single-family house due to living in apartment and multi-family high-rise building not exist 

except condominium housing came in to being very recently in the town.  Thus, privately 

built single-family residential home were perceived in the town and this excessive demand 

for the land initiated the spreading of investments on the outskirts into farming lands.   

 
Figure 23: Showing a massive residential land delivery in Tedecha kebele 

Source: Own photo, (2020) 

 

 

 

 

 



56  

4.7.2. Increase in Population Size  

The study statistical result shows that the mean population size was 1.60 and (SD = 0.58). 

The data distribution was slightly skewed to the right (skewness = -0.35) and relatively flat 

(kurtosis = -0.708)."Thus, the rapid increase in population led to the establishment and 

expansion of urban centers. In this study office employees and the community assumed in 

providing reliable information that they could describe changes resulted over time and 

believed to have rich information. Accordingly, the survey result for increase in population 

size indicated that most of office employees and communities were strongly agreed.   

4.7.3. Access to Transportation and Mobility 

The result for Transportation Accessibility with a standard deviation of Location, skewness 

of 0.343, and kurtosis of -1.140 provides valuable insights into the variability, symmetry, 

and shape of the data distribution related to transportation accessibility. This provide insights 

into the distribution characteristics that can influence urban expansion patterns.  

Dukem sub city is located on the National Trade Route (NTR) line and Addis-Adama 

expressway passing through Dukem sub city. In the two major outlets there are a number of 

commuters per day with high mobility between Addis Ababa and Dukem along a line to 

Bishoftu, Modjo, Adama, Djibouti and other eastern regions of the country. According to 

Ahmed (2011) in the main outlets where most of the expansions were related with housing, 

services and recreational functions and those factors attract other contingent activities and 

open a door for further urban expansion. A number of passengers and long distance voyagers 

are passing through the town taking good to and from Djibouti port most of the time the 

truck drivers prefers Dukem as a resting place.    

Therefore, this indicated that office employees has positive attitude with most „agreed‟ value 

to the factors while the communities negative perceptions with most „disagreed‟ value with 

the factor „development in infrastructure and transportation‟ that contributed a lot for the 

expansion of the town between the year 1996 and 2024. On the other hand this result implied 

that the communities were not satisfied with the existing infrastructure development in the 

town.  

4.7.4. Availability of Road Infrastructure 

A standard deviation of 0.896 indicates a moderate variability in the quality or availability 

of roads across study area. This variability can influence urban expansion patterns, with areas 

having better road connectivity potentially attracting more development and population 

growth. A skewness value of 0.048 suggests that the distribution of road infrastructure data 
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is nearly symmetric, with a slight positive skew. This implies that there is slightly more 

locations or areas with higher road infrastructure quality compared to those with lower 

quality. This skewness could influence urban expansion patterns, with areas having better 

road infrastructure potentially experiencing faster growth. A kurtosis value of -0.726 

indicates a distribution that is slightly flatter than a normal distribution, known as platykurtic. 

This suggests that the data distribution have fewer extreme values or outliers in terms of 

infrastructure quality levels. This platykurtic distribution could result in a more gradual and 

consistent urban expansion. 

In the two major outlets, there are a number of commuters with high mobility between Addis 

Ababa and Dukem along a line to Bishoftu, Modjo, and Adama. The main outlets where 

most of the expansions were related with housing, services and recreational functions and 

those factors attract other contingent activities and open a door for further urban expansion. 

A number of passengers and long distance voyagers are passing through the town taking 

good to and from Djibouti port most of the time the truck drivers prefers Dukem as a resting 

place.    

 
Figure24: National Railway Line crossing the town 

Source: Own photo, (2024) 

4.7.5. Ineffective land management  

In the context of ineffective land management, a standard deviation of 0.519 indicates a 

moderate variability in the quality or availability of land management practices across 

different locations under study area. This variability can influence urban expansion patterns, 

with areas having better land management practices potentially attracting more development. 

A skewness value of -0.169 suggests and implies that there may be more locations or areas 

with lower levels of ineffective land management compared to those with higher levels. A 
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kurtosis value of -1.165 indicates that the data distribution may have fewer extreme values 

or outliers in terms of ineffective land management levels. This platykurtic distribution could 

result in a more gradual and consistent urban expansion.  

Oromia Urban Planning Institute (OUPI) is a governmental institution established under 

Oromia National Regional Government to prepare urban plan of different kind.  

Accordingly, in 2008 and 2017 the institute prepared a land use plan (LUP) and structure 

plan (SP) respectively for Dukem sub city.  

Table 28: Existing Land use 

LAND CATGORY AREA(HEK)LDP_2024 PAR % 

Administration 3.115 0.103 

Social service 48.43 1.599 

Commerce 69.804 2.305 

Road & transport 120.787 3.989 

Open green space 154.283 5.096 

Mineral area 498.516 16.465 

Residence 624.61 20.63 

Agriculture 1508.224 49.813 

 3027.769 100 

Source: Structure Plan (SP) prepared by OUPI, (2017) 

As presented in the above, the general urban land use of the town comprises different 

categories such as administration, residence, commerce, service, industry, agriculture, road 

& transport and others (special function, reserved, water body, recreation, quarry and gorge). 

Among these the leading three-land use are Agriculture, residence and Mineral area planned 

to cover 49.813%, 2063% and 16.465% from the total share of land (3027.769 ha).  

Those studies attempt to draw important existing planning issues and forward remedial 

measures at all particularly on land use plan. Hence, those prepared planning frameworks 

land use plan (LUP) in 2010 and structure plan (SP) in 2017 had their own contributions and 

implications for the dramatic expansion of the town.  
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Figure25: Structural plan and land use 2024 

Source: Structure Plan (SP) prepared by OUPI, (2017) 

 

4.7.6. Land Development Policies 

The standard deviation of 0.795 indicates a moderate variability in the quality or 

effectiveness of policies across the study area. A skewness value of 0.262 suggests that the 

distribution of development policies data is slightly skewed to the right. This implies that 

there may be more locations or areas with higher levels of effective development policies 

compared to those with lower levels. A kurtosis value of -0.851 suggests that the data 

distribution may have fewer extreme values or outliers in terms of development policy 

effectiveness levels. This could result in a more gradual and consistent urban expansion 

across different parts of the Dukem sub city. 

Grabbing land (attitude of government officials) acquisition is generally defined as the 

process of governments of large lot of land that were leaded by foreigners, transnational 

companies or investors particularly in the developing countries (Kenate, 2013).  

According to Kenate, (2013) in his study drivers (determinants) of expansion of Addis Ababa 
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and the role of actors specified that land is unfortunately been exploited by the government 

bodies from top to the bottom level administration for the purpose of investment and national 

development. He also further described that, land is a source of power if someone comes to 

the power means by default that he is among the investors or the rich. Moreover, Husen, 

(2018) in his study land rights and land grabbing in Oromia concluded that, government 

cadres in order to get political reward and credit were doing a number of problems to the 

innocent poor people.   

According to the information from office employees during survey, Through Land grab huge 

hectares of land is always prepared by displacing the farmers from their agricultural land and 

kept in a land bank then massive amount of land was given to investors for housing and 

industrial establishments in the town.  

 
Figure26: shows ineffective land use planning and management in the study area. 
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4.7.7. Existence of Industries 

A standard deviation of 0.502 indicates a moderate variability that can influence urban 

expansion patterns, with areas having more industries potentially attracting more 

development and population growth. Skewness value of -0.050 suggests and implies that 

there may be more areas with fewer industries compared to those with more industries and 

kurtosis value of -2.031 indicates a distribution that is significantly flatter than a normal 

distribution. This suggests that the data distribution may have fewer extreme values or 

outliers in terms of the existence of industries. Such distribution could result in a more 

gradual and consistent urban expansion, without significant disparities in industry presence 

across different parts of the study area. 

Government of Ethiopia has given due consideration to private investment that involved 

foreign investment. Hence, the private sector participation in development has increased 

significantly. Dukem sub city characterized by one of those towns with high concentration 

of industries due to its high proximity to the national market of capital Addis Ababa city.  

According to the survey result, show that establishment of industries and manufacturing 

contributed a lot for the expansion of the town shown that were the most strongly agreed.  

 
Figure27: Eastern Industry Zone (EIZ) 

Source: Own photo, (2024) 

2017 structure plan (SP) prepared by OUPI, industry cover 186.2ha of land i.e. 4.39% in 

2008 and this changed to 510.5ha of land i.e. 12.02% in 2017 (see also Table 29). More than 

18 billion ETB is invested and more than 600 hectare farmland is converted. Eastern Industry 

Zone (EIZ) is one amongst and the largest holding more than 500 hectare land. This industry 

zone located in Tedecha and Gogecha boundaty is in operation comprising more than 80 

factories (Dukam town profile, 2019).  
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Table 29: Number of Industry, Capital and employment Creation 

No  Activity  Number  Capital (ETB)  Employment  

1  Chemical industry  5  2,036,776,318  98  

2  Garment  1  2,011,920,000  190  

3  Manufacturing  233  6,984,105,608  13,395  

4  Light Industry  10  3,079,100,000  725  

5  Steel and Metal  11  2,367,382,780  1,718  

6  Tannery and Leather  3  35,000,000  120  

7  Textile and Garment  20  254,130,000  1,592  

8  Agro industry  1  1,000,000  71  

9  Agro processing  45  314,768,407  1,640  

10  Mining and Energy  1  3,000,000  14  

11  Others  139  724,771,241  4,369  

  Total  469  17,811,954,354  23,932  

(Source: Dukem Town Municipality, 2024) 

The industry expansion is also is feared and denounced for evicting the poor, marginalizing 

and putting small farmers in to livelihood insecurity.  The undesirable incidence succeeding 

industry expansion are unemployment of the farming family and household, loss of 

livelihood asset land, family disintegration and loss of farmer‟s household life at large. 

Diriba (2016) stresses the negative consequences that in spite of the catalytic role that 

industries play in the processes of realizing rapid economic growth, this sector, incur heavy 

costs on the part of the livelihood of agricultural communities.   

 
Figure28: Industries and manufacturing in oda nabe woreda 

4.7.8. Job opportunity  

The standard deviation value of 0.837 indicates a moderate variability in the availability or 

quality of job opportunities across Dukem sub city. A skewness value of -0.245 implies that 

there may be more areas with lower levels of job opportunities compared to those with higher 

levels. Also, kurtosis value of -0.601 indicates a distribution that is slightly flatter than a 
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normal distribution, known as platykurtic, suggesting a more gradual and consistent urban 

expansion, without significant disparities in job availability. 

The establishment of industries and industrialization in the area has attracted many people 

from rural areas seeking employment, leading to significant population growth and urban 

expansion. This causes rapid urban expansion in Dukem sub city and it have significant 

impacts on the livelihoods of the peri-urban community. Many migrants end up working in 

the informal sector or taking on low-paying jobs, contributing to the growth of informal 

settlements and slums around the city's periphery. This has led to a lack of job opportunities 

and a crisis in livelihoods for the peri-urban community 

 

 

4.7.9. Investment pressure 

Dukem sub city is growing and getting expanded in all direction due to geographical 

proximity to Addis Ababa made the town increased population and economic importance, a 

number of commuters per day those who preferred to live in the town and work in Addis 

Ababa, Gelan, Akaki, Bishoftu, Modjo, Adama etc. Industrial and commercial expansion 

has resulted in intense competition for resources like housing and other basic resources.   

In this context, a mean or central tendency of 2.59 suggest that investment pressure is not 

extremely high or low across different locations or areas under Dukem sub city. A standard 

deviation of 1.276 indicates a moderate variability that can influence urban expansion 

patterns, with areas having higher levels of investment pressure. Skewness value of 0.305 

suggests that the distribution of investment pressure data is slightly skewed to the right and 

a kurtosis value of -1.080 indicates a distribution that is slightly flatter than a normal 

distribution, known as platykurtic. This distribution could result in a more gradual and 

consistent urban expansion. 

As presented in (Table 30), Dukem sub city currently has a total of 608 investment activities 

where running with a total capital 18,852,494,002. This showed that as the investment 

expanding and attracts further investors in to the town, the economic sector growing due to 

the contribution of investment to the local, national economy in many ways import 

substitution and saving foreign currency, tax contribution and employment generation and 

where by this situation contributed a lot for further expansion of the  town.   
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Table 30: Type of Investment by Employment and Capital 

 o  Type  Number  Capital   Employment  

1  Industry & Manufacturing  423  17,811,954,354  22,221  

2  Agro Industry processing  46  315,768,407  1711  

3  Commerce  120  686,427,910  3,484  

4  Service  19  38,343,331  608  

  Total  608  18,852,494,002  28,024  

Source: Dukem town Investment Office, (2024) 

4.7.10. Environmental Awareness  

The moderate standard deviation of 0.785 indicates a moderate variability in environmental 

awareness levels across different locations or areas in Dukem sub city. The slight skewness 

0.162 to the right implies that there may be more areas with higher levels of environmental 

awareness, which could lead to faster urban expansion. The platykurtic distribution value -

1.356 suggests that there are fewer extreme values or outliers in terms of environmental 

awareness levels, which could result in a more gradual and consistent urban expansion. 

There is no mention of environmental awareness or environmental factors influencing urban 

expansion in the study. The focus is on economic activities and demographic changes rather 

than environmental concerns. Environmental Awareness does not appear to be a significant 

driving factor of urban expansion in Dukem sub city, Ethiopia. The study primarily identifies 

the establishment of industries, the position of the municipality, and increases in population 

size as the dominant factors contributing to urban expansion. 

Therefore, it can be concluded that environmental awareness is not a significant driving 

factor of urban expansion in Dukem subcity of Bishoftu, Ethiopia based on the available 

information. 

4.7.11. Location of the town 

Geographical location of Dukem sub city is 37km South East of Addis Ababa along the main 

road to Adama. In spite of its location the town is preferred for different urban functions 

particularly for industries & manufacturing and residential uses. 

The moderate standard deviation of 0.719 indicates a moderate variability in the location 

factor across different areas under study. The slight skewness value = 0.286 to the right 

implies that there may be more areas with higher values for the location factor, which could 

lead to faster urban expansion of Dukem sub city. The platykurtic distribution suggests that 

there are fewer extreme values or outliers in terms of the location factor, which could result 

in a more gradual and consistent urban expansion. 

Moreover, the town has strong transport linkage with Addis Ababa and the neighboring 
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urban centers due to a number of commuters per day those who preferred to live in the town 

and work in Addis Ababa. Dukem is favored as suitable corridor to promote investment 

owing to the best opportunities available i.e. proximity to the national market and location 

on the national highway road and railway line, the existence of suitable and accessible land. 

 

Figure29: Shows topography of the study area  

4.8. Expansion Direction of Dukem town 

Due to establishment of numerous industries and its proximity to Addis Ababa city Dukem 

sub city faces rapid population growth (Handy, 2003; Tilahun, 2016). According to the 

population projections made on this study for the coming ten year, Dukem town expected to 

reach about an average of 181,520 populations by the year 2030. Thus, the population size 

is became almost close to double of 96,320 (2019) 181,520 in (2030). Similarly, studies by 

OUPI, (2017) population projection indicated that Dukem sub city will be expected to reach 

about 171,653 populations by the year 2027. The rapid expansion of built-up area of Dukem 
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sub city increased in all direction but it is more pronounced along the major roads north to 

south, southwestern and southeastern part of the town. 

  
Figure 30: Expected expansion direction of Dukem town 

 

4.9. Discussion 

The land use land cover (LULC) change result of the research reveals that all of assessed 

classes of land cover shows incremental change except bare land coverage that extremely 

decreased in all years from 4980.42 hectare in 1996 to 3064.32 hectare in 2024. Change in 

built-up areas coverage were increased from 260.154 hectare in 1996 to 1576.17 hectare in 

2024 and it possesses greater proportion compared to agricultural land and vegetation 

coverage change.  
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In addition, the findings of the research show that from eleven variables raised as drivers of 

urban expansion in Dukem sub city, only transportation accessibility seen as neutral that 

implies it has either mixed response or suggests no strong consensus. The rest all of 

hypothesized factors got acceptance or agreement value from participants. The three of 

driving factors namely existence of industries, Population Size and Ineffective land 

management seen as significant driving factors contributed a lot for pros and ongoing urban 

expansion of Dukem shown that were the most strongly agreed.  

Based on the finding result, unprecedented growth of urban population was causing an 

exceptionally rapid increase in the demand for housing in Dukem sub city. In the two major 

outlets, there are a number of commuters with high mobility between Addis Ababa and 

Dukem along a line to Bishoftu, Modjo, and Adama that becomes a reason for the expansion 

of Dukem in these directions. 

According to the information from office employees during survey, through Land grab huge 

hectares of land is always prepared by displacing the farmers from their agricultural land and 

kept in a land bank then massive amount of land was given to investors for housing and 

industrial establishments in the town.  

Environmental Awareness does not appear to be a significant driving factor of urban 

expansion in Dukem Town, Ethiopia. The study primarily identifies the establishment of 

industries, the position of the municipality, and increases in population size as the dominant 

factors contributing to urban expansion. Therefore, it can be concluded that environmental 

awareness is not a significant driving factor of urban expansion in Dukem subcity of 

Bishoftu, Ethiopia based on the available information. The town has strong transport linkage 

with Addis Ababa and the neighboring urban centers due to a number of commuters per day 

those who preferred to live in the town and work in Addis Ababa. Dukem is favored as 

suitable corridor to promote investment owing to the best opportunities available.  

Finally, studies by OUPI, (2017) population projection indicated that Dukem town will be 

expected to reach about 171,653 populations by the year 2027. The rapid expansion  of built 

up area of Dukem town increased in all direction but it is more pronounced along  the major 

roads north to south, southwestern and southeastern part of the town. 
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CHAPTER FIVE 

5. CONCLUSIONS AND RECOMMENDATION 

5.1.Conclusions 

As we look back on the period from 1996 to 2024, it is clear that the Dukem sub city 

of Bishoftu experienced significant urban expansion. The population of the area grew 

rapidly, leading to an increase in demand for housing, infrastructure, and services. 

This led to the development of many new neighborhoods, as well as the expansion of 

existing ones. The main concern of the study were to analyze, detect and evaluate the 

spatial composition as well as fast emerging expansion of Dukem sub city subsidy 

using the application of remote sensing, ERDAS IMAGINE and GIS tools in order to 

achieve the goals almost three decades of years 1996,2006,2016 and 2024 were 

selected.  

Spatial analysis revealed a notable increase in built-up areas and a decrease in bare 

land and natural lands, indicating substantial land use changes driven by urbanization. 

The pattern of urban growth shows a fragmented and dispersed nature, typical of urban 

expansion, with new developments often lacking integration with existing urban 

infrastructure. 

Population growth, both from natural increase and rural-urban migration, is a primary 

driver of urban expansion in Dukem Sub City. The demand for housing and services 

has led to the conversion of rural lands into urban areas. Economic development, 

particularly industrialization and commercial activities, has fueled urban expansion 

by attracting investments and creating employment opportunities, necessitating new 

residential and business districts. 

Infrastructure development, especially the expansion of road networks, has facilitated 

easier access to peripheral areas, encouraging suburbanization and the spread of urban 

development beyond the city center. Land use policies and planning practices have 

also played a role, with inadequate regulation and enforcement contributing to 

unplanned and uncontrolled urban growth. 

Informal settlements have proliferated, often lacking access to basic amenities. The 

expansion has also altered the traditional livelihoods of rural communities, with many 

being displaced or forced to adapt to the changing urban landscape. 
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5.2.Recommendations 

Based on the findings of this study, several recommendations are proposed to manage 

urban expansion and promote sustainable urban development in Dukem Sub City of 

Bishoftu town. Accordingly, developing and implementing comprehensive urban 

planning strategies that promote compact, integrated, and sustainable urban growth 

used to direct development towards underutilized urban areas. Strengthening land use 

regulations and zoning laws to protect agricultural and natural lands from urban 

encroachment. Inclusiveness of urban planning processes should have to ensured, 

involving local communities and stakeholders.  

Invest in sustainable transportation networks that prioritize public transit, cycling, and 

pedestrian pathways. Enhance connectivity within the city to reduce reliance on 

private vehicles and encourage more sustainable modes of transport. Ensure that 

infrastructure and public services keep pace with urban expansion. This includes the 

provision of adequate water, sanitation, healthcare, education, and recreational 

facilities in newly developed areas.  

Promote mixed-use development that integrates residential, commercial, and 

recreational spaces, creating vibrant and livable communities. This reduces the need 

for long commutes and fosters a more cohesive urban environment. Encourage infill 

development in existing urban areas to optimize land use and reduce the pressure on 

peripheral regions. Provide incentives for developers to focus on redeveloping 

underutilized or vacant urban land. 

Establish robust monitoring systems using remote sensing and GIS technologies to 

track land use changes and urban expansion. Update spatial data to inform urban 

planning and policy decisions. Utilize data-driven approaches to assess the impacts of 

urban expansion and develop targeted interventions through periodic assessments of 

urban growth patterns and their socio-economic and environmental implications. 

5.3.Recommendations for further study 

Hence, those prepared planning frameworks land use plan (LUP) in 2010 and structure 

plan (SP) in 2017 by Oromia Urban Planning Institute (OUPI) had their own 

contributions and implications for the dramatic expansion of the town, the researcher 

recommends further studies attempting to draw important existing planning issues and 

forward remedial measures particularly on land use plan.  
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APPENDEX 1: Questionnaires 
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APPENDEX 2: Ground Truth 

 

NO ESTING NORTHING DESC 

1 487249.352 975189.023 AGRICULTURE 

2 487579.015 968746.957 AGRICULTURE 

3 486946.763 969363.552 AGRICULTURE 

4 486778.992 973646.428 AGRICULTURE 

5 486939.498 973319.822 AGRICULTURE 

6 486683.099 973557.119 AGRICULTURE 

7 487906.947 974282.665 AGRICULTURE 

8 488230.782 974039.279 AGRICULTURE 

9 489225.737 973779.34 AGRICULTURE 

10 489703 973749.731 AGRICULTURE 

11 489982.065 974081.086 AGRICULTURE 

12 489784.466 974334.059 AGRICULTURE 

13 489583.649 975846.461 AGRICULTURE 

14 489308.598 976660.503 AGRICULTURE 

15 489678.251 977594.169 AGRICULTURE 

16 487857.929 976718.851 AGRICULTURE 

17 487648.579 976552.663 AGRICULTURE 

18 487451.498 976003.458 AGRICULTURE 

19 486913.6 975707.637 AGRICULTURE 

20 490276.74 969107.005 AGRICULTURE 

21 489105.057 967763.442 AGRICULTURE 

22 484706.114 968575.19 AGRICULTURE 

23 484873.466 967396.039 AGRICULTURE 

24 485729.808 968138.289 AGRICULTURE 

25 485975.498 969185.098 AGRICULTURE 

26 486634.02 971498.488 AGRICULTURE 

27 484820.716 971967.852 AGRICULTURE 

28 484902.624 969586.943 AGRICULTURE 

29 485542.681 966813.04 AGRICULTURE 

30 492770.249 974125.225 AGRICULTURE 

31 486598.674 974605.15 BIULT UP 

32 486758.821 974781.136 BIULT UP 

33 486717.091 975032.056 BIULT UP 

34 488034.421 973188.317 BIULT UP 

35 488392.676 973629.605 BIULT UP 

36 489030.29 971163.15 BIULT UP 

37 488240.808 969890.463 BIULT UP 

38 488620.003 970492.452 BIULT UP 

39 488799.75 970584.058 BIULT UP 
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40 490114.047 969716.184 BIULT UP 

41 490367.736 969850.128 BIULT UP 

42 489272.434 968886.462 BIULT UP 

43 489293.338 968585.508 BIULT UP 

44 490464.652 968295.334 BIULT UP 

45 492330.202 970761.43 BIULT UP 

46 492880.271 970933.722 BIULT UP 

47 492486.312 970899.065 BIULT UP 

48 492308.917 971107.571 BIULT UP 

49 492330.943 971177.826 BIULT UP 

50 489981.452 974893.846 BIULT UP 

51 491754.432 972827.804 BIULT UP 

52 491751.658 972786.119 BIULT UP 

53 487591.947 973858.078 BIULT UP 

54 487260.656 973710.855 BIULT UP 

55 488316.445 971354.454 BIULT UP 

56 491807.782 969840 BIULT UP 

57 487434.866 967397.748 BIULT UP 

58 487787.69 968742.462 BIULT UP 

59 490907.246 976377.832 BIULT UP 

60 491022.106 976447.545 BIULT UP 

61 486295.709 969156.783 BARE LAND 

62 481618.974 968481.82 BARE LAND 

63 481847.557 968546.379 BARE LAND 

64 481987.655 968903.134 BARE LAND 

65 482059.94 969182.692 BARE LAND 

66 482132.582 969604.899 BARE LAND 

67 481587.737 968060.427 BARE LAND 

68 481256.988 967143.268 BARE LAND 

69 481641.503 967147.089 BARE LAND 

70 480371.063 965899.664 BARE LAND 

71 480385.574 965625.724 BARE LAND 

72 483193.984 965348.982 BARE LAND 

73 483911.165 973048.365 BARE LAND 

74 484142.195 973128.093 BARE LAND 

75 487683.872 974619.462 BARE LAND 

76 487721.953 974722.084 BARE LAND 

77 487846.639 974697.982 BARE LAND 

78 487952.888 974536.747 BARE LAND 

79 487932.391 974421.152 BARE LAND 

80 488095.915 974565.496 BARE LAND 

81 488127.781 975110.119 BARE LAND 

82 490218.699 973616.09 BARE LAND 
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83 490453.071 973389.113 BARE LAND 

84 490532.234 972910.119 BARE LAND 

85 490228.395 973143.745 BARE LAND 

86 491260.003 973088.201 BARE LAND 

87 491823.563 973554.275 BARE LAND 

88 481954.871 970503.4 BARE LAND 

89 482399.879 970454.156 BARE LAND 

90 483545.94 970241.178 BARE LAND 

91 491586.635 974475.881 VEGETATION 

92 491512.352 974349.197 VEGETATION 

93 491523.241 974049.238 VEGETATION 

94 491245.34 973836.626 VEGETATION 

95 490920.728 973655.343 VEGETATION 

96 490453.931 974390.746 VEGETATION 

97 491056.638 976045.405 VEGETATION 

98 490923.459 976171.287 VEGETATION 

99 490948.428 976375.516 VEGETATION 

100 491060.521 976437.977 VEGETATION 

101 491093.834 976532.724 VEGETATION 

102 491098.24 976453.206 VEGETATION 

103 491054.554 976295.974 VEGETATION 

104 490815.199 976105.271 VEGETATION 

105 490744.643 975987.713 VEGETATION 

106 490673.8 975911.213 VEGETATION 

107 490625.42 975712.116 VEGETATION 

108 493037.963 975206.534 VEGETATION 

109 493032.568 975786.065 VEGETATION 

110 493200.166 976628.321 VEGETATION 

111 481507.773 968681.16 VEGETATION 

112 481662.455 968824.221 VEGETATION 

113 481692.811 968926.892 VEGETATION 

114 481627.086 967900.059 VEGETATION 

115 480872.391 967761.994 VEGETATION 

116 480863.863 968060.719 VEGETATION 

117 490275.188 972846.735 VEGETATION 

118 490210.329 972684.404 VEGETATION 

119 490178.121 968106.551 VEGETATION 

120 490308.763 968386.517 VEGETATION 

121 490514.437 968468.603 VEGETATION 

 


