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Abstract- Rapid urbanization in South-Eastern Nigeria 

has brought both opportunities and challenges for 

sustainable development and governance. The 

uncontrolled growth of cities has resulted in 

environmental degradation, poor infrastructure 

planning, and spatial inequalities. This study applies 

geospatial techniques—specifically Remote Sensing (RS) 

and Geographic Information Systems (GIS)—to monitor 

urban expansion, assess its implications for 

sustainability, and explore how spatial data can 

strengthen evidence-based governance. Multi-temporal 

satellite images (e.g., Landsat 2000, 2010, and Sentinel-2 

2020) will be analyzed to detect land-use/land-cover 

(LULC) changes across selected urban areas such as 

Enugu, Aba, and Owerri. The study will further relate 

these spatial patterns to indicators of sustainable 

development (e.g., access to green space, infrastructure 

distribution, waste management zones) and governance 

outcomes (e.g., urban planning effectiveness, 

transparency in land administration). Findings will 

demonstrate how geospatial tools can support data-driven 

decision-making toward achieving sustainable and 

inclusive urban growth in South-Eastern Nigeria. 
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I. INTRODUCTION 

 

Urbanization is a natural process, resulting in an ever-

increasing number of megacities worldwide. The rate 

of urbanization has increased from under 30% in 

1950 to over 54% in 2014 (UN, 2014). It has been 

estimated by the United Nations that about 80% of 

the global population will be living in cities by 2050. 

Exploding megacities bring challenges for city 

planners and local governments. While a growing 

number of slum areas is a big challenge for expanding 

cities, the reduction of green spaces and 

infrastructure development in areas prone to natural 

disasters is perhaps a bigger dilemma. If not planned 

carefully, these expanding cities cannot be 

sustainable due to the risks associated with natural 

disasters such as floods. These natural disasters can 

cause damage to personal property, public 

infrastructure, but most importantly, they can result 

in a serious loss of human lives. The UN has set a 

sustainability goal for all nations to make cities and 

human settlements inclusive, safe, resilient, and 

sustainable by 2030. 

 

 Identification of areas prone to natural disasters and 

imposing development restrictions in these areas is 

the only solution for the long-term sustainability of 

expanding cities. Latest geospatial technologies, 

including remote sensing and geographic information 

systems (GIS), can be effectively used for the 

identification and mapping of areas prone to natural 

disasters. The accuracy of these maps depends upon 

the use of state-of-the-art geospatial technologies for 

data acquisition and analysis. These technologies 

may include Light Detection and Ranging (LiDAR), 

high-resolution aerial photographs, Global 

Navigational Satellite Systems (GNSS), and 

Geographic Information Systems (GIS). Such maps 

must be updated on a regular basis to help city 

administrators make informed decisions when re-

zoning or developing new residential zones. These 

maps should also be available to the public so that 

their safety is not compromised through the 

commercialization of urban development. This paper 

will summarize the use of the latest geospatial 

technologies for sustainable urban development 

through the identification flood flood-prone areas. 

 

Urban growth and urbanization in the last few years 

have drastically accelerated in many developing 

countries.  According to the United Nations in 2011, 

3.6 billion of the world's population 52% were urban 

dwellers.  Universally, the level of urbanization is 

expected to rise to 67% in 2050.  In the less developed 

nations, the proportion of the urban population will 

rise from 47% in 2011 to 64% in 2050. In Africa 

alone, the urban population is expected to triple from 

444 million in 2011 to 1.2 billion in 2050 (1bid). 
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Many people prefer to live in or near the urban areas 

because of the availability of different means of 

easing livelihood in a more or less compact area and 

the availability of necessary facilities for comfortable 

living, e.g., Utilities and services, shopping, 

educational facilities, means of communication, 

recreational facilities, etc. Recently, an increasing 

concern about sustainable development has fostered 

a new interest in the international literature on the 

physical dimension of cities and, particularly, on the 

issue of urban growth pattern and urban form (Huanz 

et al., 2007; Vande et al., 2009).  

 

Urban areas developed either through objective 

planning, guided and regulated by deliberate 

regulation and control systems, or spontaneous 

growth through unplanned, isolated construction, 

especially on the edges of cities. Ideally, the growths 

that take place around urban areas should be 

channeled in an orderly manner that can produce an 

economically efficient and personally satisfying 

living environment.  

 

Urbanization—the process by which rural areas 

transform into urban centres—has become one of the 

most significant global phenomena of the 21st 

century. In developing regions such as sub-Saharan 

Africa, urban growth has been rapid, largely 

unplanned, and often exceeds the pace of 

infrastructural and institutional development. 

Nigeria, being the most populous country in Africa, 

has experienced a sharp rise in urban population from 

less than 20% in 1960 to over 50% by 2020. The 

South-Eastern region of Nigeria, comprising Abia, 

Anambra, Ebonyi, Enugu, and Imo States, has 

witnessed particularly intense urban expansion 

driven by commerce, industrialization, population 

migration, and economic opportunities. 

 

Despite the positive contributions of urbanization to 

regional development, its uncontrolled nature has 

resulted in several challenges—environmental 

degradation, traffic congestion, poor waste 

management, loss of agricultural land, and informal 

settlements. These challenges threaten the principles 

of sustainable development, which advocate for 

balanced growth that meets the needs of the present 

without compromising the ability of future 

generations to meet their own needs. Sustainable 

urban development, therefore, requires effective 

spatial monitoring, planning, and evidence-based 

decision-making. 

 

Geospatial techniques, including Remote Sensing 

(RS) and Geographic Information Systems (GIS), 

have emerged as indispensable tools for monitoring, 

analyzing, and managing urban growth. Through 

satellite imagery, spatial data analysis, and digital 

mapping, geospatial technologies enable the 

detection of land-use and land-cover changes, 

assessment of environmental conditions, and 

visualization of spatial patterns of development. 

These technologies not only provide timely and 

accurate information about urban expansion but also 

support good governance by promoting transparency, 

accountability, and informed policy-making. 

 

In South-Eastern Nigeria, the adoption of geospatial 

methods for urban monitoring remains limited, 

despite the region’s rapid spatial transformation. 

Many urban management decisions are still made 

using outdated or incomplete data, leading to 

inefficiencies in land administration, infrastructure 

provision, and environmental management. This 

situation underscores the urgent need to integrate 

geospatial data into urban governance systems to 

promote sustainable and equitable development. 

 

Geo Spatial Technologies 

The majority of the existing flood zone maps are 

based on historical flood recurrence data. Typically, 

an area having a 0.2% (1 in 500 years) probability of 

flooding is classified as a flood plain. It is also 

referred to as 1:500 in mapping. However, different 

countries and even municipal jurisdictions within the 

same country may use different values of historical 

flood recurrence data. Flood maps with 0.01% – 1.0% 

(1 in 1,000 years – 1 in 100 years) are commonly seen 

throughout the world. This therefore shows 

inconsistencies within the flood zone mapping 

process. Inaccuracies associated with historical flood 

data due to outdated data collection and mapping 

techniques are difficult to determine, but can also 

raise a question about the accuracy of the existing 

flood zone maps. In addition to that, existing flood 

zone maps based on historical data are outdated as 

they do not account for climate change. The Federal 

Emergency Management Agency (FEMA) of the 

USA reported in 2004 that approximately 70% of 

USA flood zone maps were reported to be based on 

outdated data and were more than 10 years old. 

Conservation Ontario reported in 2017 that up to 78% 

of the provincial floodplain maps were outdated.  
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The use of the latest geospatial technologies is 

perhaps the only solution for the regular updates of 

flood zone maps. These technologies use a digital 

elevation model (DEM) to extract elevation 

information of an area to determine flood zone maps. 

Base Flood Elevation (BFE) is a reference surface 

elevation beyond which water levels are considered 

as flooded water, and can effectively be used for 

flood zone mapping. However, establishing BFE is a 

challenging process as it is highly dependent on the 

topography of the area. It can simply be an elevation 

of river edges for narrow and sharply carved river 

channels or an elevation of floodway boundaries and 

extent of base flood events. High-resolution aerial 

photographs or satellite images can be used to extract 

river edges, floodway boundaries, or the extent of 

base flood events.  

 

Aim and Objectives of the Study; 

The study aims to apply geospatial techniques to 

monitor urbanization patterns and assess their 

implications for sustainable development and good 

governance in South-Eastern Nigeria. 

 

Specific Objectives: 

1. To map and analyze the spatial pattern and 

rate of urban expansion in selected urban 

centers of South-Eastern Nigeria from 2000 

to 2020 using remote sensing and GIS data. 

2. To evaluate the impacts of urbanization on 

sustainable development indicators such as 

green space availability, land-use 

efficiency, and access to infrastructure. 

3. To examine the relationship between urban 

spatial dynamics and governance outcomes 

in the region. 

4. To propose geospatial strategies for 

enhancing sustainable urban management 

and promoting good governance in South-

Eastern Nigeria. 

 

Scope of the Study 

The study is limited to selected major urban centers 

in South-Eastern Nigeria, including Enugu, Aba, 

Owerri, Onitsha, and Awka. Spatially, the study 

covers the five states of Abia, Anambra, Ebonyi, 

Enugu, and Imo. The temporal scope spans from 

2000 to 2020, enabling the assessment of long-term 

urbanization trends. Thematically, the study focuses 

on the application of geospatial techniques, Remote 

Sensing, and GIS in monitoring urban expansion, 

sustainable development, and governance efficiency. 

 

Study Area 

South-Eastern Nigeria lies approximately between 

latitudes 4°30'N and 7°30'N and longitudes 6°30'E 

and 8°00'E. It comprises five states—Abia, Anambra, 

Ebonyi, Enugu, and Imo—with major cities such as 

Aba, Onitsha, Enugu, Awka, and Owerri. The region 

covers about 29,000 km² and is home to over 20 

million people. It is characterized by dense 

population, commercial activity, and a growing 

service sector. The tropical climate supports 

agriculture, but urban encroachment continues to 

threaten farmland and forest cover. Urban sprawl, 

flooding, traffic congestion, and waste management 

remain persistent challenges, making the region 

suitable for geospatial analysis of urbanization and 

governance dynamics. 

 

 

Figure 1.  Study area location of the South Eastern Region 

II. LITERATURE REVIEW 

 

Introduction 

This chapter reviews the relevant literature related to 

urbanization, sustainable development, good 

governance, and the application of geospatial 
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techniques in monitoring these phenomena. It 

explores key concepts, theories, and empirical studies 

that form the foundation of this research. The review 

also identifies existing gaps in knowledge and 

presents a conceptual framework linking 

urbanization, sustainability, and governance through 

geospatial applications. 

 

2.1 Conceptual Review  

Urbanization 

Urbanization refers to the process by which rural 

areas transform into urban centers through population 

concentration, infrastructural development, and 

socio-economic change. According to the United 

Nations (2019), over 55% of the global population 

now lives in urban areas, and this figure is projected 

to reach 68% by 2050. In Nigeria, urbanization has 

accelerated rapidly since the 1970s due to 

industrialization, rural-urban migration, and 

economic opportunities in cities. 

 

Urbanization in the South-Eastern region of Nigeria 

has been predominantly market-driven rather than 

policy-driven. Cities such as Onitsha, Aba, Enugu, 

and Owerri have expanded beyond their original 

boundaries, often without corresponding 

infrastructural development. This unplanned growth 

leads to congestion, inadequate housing, poor waste 

management, and environmental degradation. 

Monitoring urbanization patterns, therefore, becomes 

essential for effective planning and sustainable 

development. 

 

2.1.2 Sustainable Development 

The concept of sustainable development gained 

global recognition through the 1987 Brundtland 

Report, which defined it as “development that meets 

the needs of the present without compromising the 

ability of future generations to meet their own needs.” 

Sustainable development emphasizes three 

interrelated pillars: economic viability, social equity, 

and environmental protection (WCED, 1987). 

 

In urban contexts, sustainable development entails 

balanced land use, efficient infrastructure provision, 

inclusive housing, and environmental conservation. 

The United Nations Sustainable Development Goal 

11 (SDG 11) focuses specifically on making cities 

and human settlements inclusive, safe, resilient, and 

sustainable. Achieving this goal requires continuous 

spatial monitoring and evidence-based planning 

supported by geospatial technologies. 

 

2.1.3 Good Governance 

Good governance refers to the processes and 

institutions by which authority is exercised in the 

management of a country’s economic and social 

resources for development (World Bank, 1992). It is 

characterized by transparency, accountability, 

participation, the rule of law, responsiveness, equity, 

and effectiveness. 

 

In urban management, good governance ensures that 

spatial development is planned, monitored, and 

implemented in a transparent and participatory 

manner. Geospatial tools can enhance governance by 

providing accurate data for decision-making, 

improving service delivery, enabling citizen 

participation through open data portals, and fostering 

accountability in land and resource management. 

Therefore, integrating geospatial technologies into 

urban governance frameworks strengthens 

institutional capacity and promotes sustainable 

development. 

 

2.1.4 Geospatial Techniques: Remote Sensing 

Geospatial techniques refer to the tools and methods 

used to collect, analyze, and interpret data that are 

spatially referenced to the Earth’s surface. The two 

main components are Remote Sensing (RS) and 

Geographic Information Systems (GIS). 

• Remote Sensing (RS) involves acquiring 

information about the Earth's surface using 

satellite or airborne sensors without physical 

contact. It enables continuous monitoring of 

land-use and environmental changes over 

time. 

• A Geographic Information System (GIS) 

integrates hardware, software, and spatial 

data for capturing, managing, analyzing, 

and visualizing geographic information. 

GIS supports spatial decision-making and 

policy formulation. 

 

When combined, RS and GIS provide a robust 

framework for detecting urban expansion, mapping 

land-cover change, analyzing infrastructure 

distribution, and modeling sustainability indicators. 

According to Jensen (2015), geospatial techniques 

are indispensable for effective urban management 

because they allow decision-makers to visualize 

spatial trends, assess impacts, and simulate future 

development scenarios. 
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2.1.5 Relationship between Urbanization, 

Sustainability, and Governance 

Urbanization, sustainability, and governance are 

interdependent processes. Sustainable urbanization 

requires sound governance structures that rely on 

spatial information for planning and monitoring. 

Conversely, weak governance leads to unsustainable 

growth patterns. Geospatial technologies serve as a 

bridge connecting these dimensions by providing 

spatial evidence for policy interventions. Through 

GIS-based decision-support systems, policymakers 

can identify priority areas for infrastructure 

investment, environmental protection, and social 

inclusion. 

 

2.2 Theoretical Framework 

Urban Growth Theories 

These are Major theories that explain urbanization 

and its spatial dynamics in various segments.  

1. Concentric Zone Theory (Burgess, 1925): 

Proposes that cities grow outward in 

concentric rings from a central business 

district (CBD) to peripheral zones. Though 

developed for Western contexts, it offers 

insights into spatial differentiation in 

Nigerian cities. 

2. Sector Theory (Hoyt, 1939): 

Suggests urban growth follows specific 

corridors or sectors—often along 

transportation routes. This pattern is 

observable in Southeastern cities where 

expansion occurs along major roads and 

trade corridors. 

3. Multiple Nuclei Theory (Harris and Ullman, 

1945): 

Argues that modern cities develop around 

multiple centers or nuclei such as markets, 

industrial zones, or educational institutions. 

This reflects the multi-centered growth seen 

in Aba, Onitsha, and Enugu. 

4. Urban Transition Theory (Zelinsky, 1971): 

Links urbanization with stages of socio-

economic transformation, emphasizing the 

role of modernization and demographic 

shifts. 

 

2.2.1 Theoretical Basis for Geospatial Application 

The use of geospatial technologies in urban 

monitoring is grounded in Systems Theory and 

Spatial Information Theory. 

• Systems Theory views cities as dynamic 

systems where various subsystems—

economic, social, and environmental—

interact spatially. Geospatial tools enable 

the modeling and visualization of these 

complex interactions. 

• Spatial Information Theory posits that 

spatial data are critical for understanding 

and managing geographic phenomena. This 

theory underpins GIS applications in 

decision-making, emphasizing spatial 

relationships and data integration. 

 

2.3 Empirical Review 

 

Global Studies 

Globally, several studies have utilized geospatial 

techniques for urban monitoring. Herold et al. (2003) 

used Landsat data to assess urban growth in 

California, demonstrating how remote sensing can 

quantify spatial patterns of expansion. Similarly, Seto 

et al. (2012) applied global urban footprint data to 

project urban growth and its environmental 

implications, showing strong correlations between 

urban sprawl and loss of vegetation cover. 

 

Studies in Africa 

In Africa, rapid urbanization has prompted extensive 

geospatial research. Mundia and Aniya (2006) 

analyzed urban expansion in Nairobi, Kenya, using 

multi-temporal Landsat data and found that built-up 

areas doubled between 1988 and 2003. In Ghana, 

Forkuo (2010) applied GIS and RS to map land-use 

changes in Kumasi, revealing extensive conversion 

of agricultural land to urban areas. 

 

Studies in Nigeria 

Numerous Nigerian scholars have examined 

urbanization using geospatial techniques. 

• Oyinloye and Kufoniyi (2019) used Landsat 

imagery to map urban growth in Lagos and 

concluded that built-up areas increased by 

over 150% between 1986 and 2016. 

• Abiodun and Ojiako (2021) analyzed spatial 

expansion in Enugu and Onitsha, finding 

that population pressure and weak planning 

control were the main drivers of urban 

sprawl. 

• Okoro and Eze (2020) examined the 

environmental impacts of urbanization in 

South-Eastern Nigeria and noted significant 

loss of vegetation and poor waste 

management linked to weak governance. 
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III. METHODOLOGY 

 

Introduction 

This chapter presents the methodology adopted for 

the study. It describes the research design, study area, 

types and sources of data, methods of data collection, 

analytical tools, and techniques used to achieve the 

stated objectives. The methodology is designed to 

demonstrate how geospatial techniques, specifically 

Remote Sensing (RS) and Geographic Information 

Systems (GIS), are applied to monitor urbanization, 

assess sustainable development indicators, and 

evaluate governance implications in South-Eastern 

Nigeria. 

 

3.1 Research Design 

The study adopts a spatial–analytical research design 

which combines remote sensing, GIS-based spatial 

analysis, and statistical techniques. This design is 

appropriate because it allows for the collection, 

processing, analysis, and interpretation of both 

spatial (geographic) and non-spatial (attribute) data 

to evaluate changes in land use, urban expansion, and 

sustainability indicators over time. 

The research involves three major analytical 

components: 

1. Remote Sensing Analysis: Acquisition and 

processing of multi-temporal satellite 

images to detect land-use and land-cover 

(LULC) changes. 

2. GIS Spatial Analysis: Integration of spatial 

and non-spatial data to evaluate urban 

growth patterns and sustainability 

indicators. 

3. Governance Assessment: Linking spatial 

results to governance variables such as 

zoning enforcement, land administration, 

and service distribution. 

3.2 Types and Sources of Data 

The study uses both primary and secondary data sources, as summarized below. 

Data Type Source Purpose/Use 

Satellite Imagery (Landsat 7 ETM+, 

Landsat 8 OLI, Sentinel-2 MSI) 

USGS Earth Explorer, Copernicus 

Open Access Hub 

Land-use/land-cover 

classification and change 

detection 

Administrative Boundaries National Bureau of Statistics 

(NBS), Office of the Surveyor-

General of the Federation 

Geo-referencing and mapping 

extent 

Topographic Maps / DEM NASA SRTM (30m) Terrain and slope analysis 

Socioeconomic & Governance Data State Ministries of Lands, Urban 

Planning, and Environment 

Evaluation of governance 

indicators 

Open Street Map Data Open Street Map Platform Road networks, public 

facilities, and building 

footprints 

Ground Truth / GPS Data Field survey Accuracy assessment and 

validation of classified images 

 

3.3 Data Acquisition 

Satellite Imagery 

Multi-temporal satellite images were downloaded 

from reputable sources to cover three time periods: 

2000, 2010, and 2020. The following datasets were 

used: 

• Landsat 7 ETM+ (30 m resolution) for the 

year 2000. 

• Landsat 8 OLI/TIRS (30 m resolution) for 

the year 2010. 

• Sentinel-2 MSI (10 m resolution) for the 

year 2020. 

 

3.4 Image Preprocessing 

Preprocessing ensures that satellite imagery is 

radiometrically and geometrically corrected before 

analysis. The steps include: 

1. Radiometric Correction: Adjusting for 

atmospheric distortions and sensor noise. 

2. Geometric Correction: Aligning images to 

a common coordinate system (WGS 84, 

UTM Zone 32N). 

3. Image Sub setting: Clipping images to the 

study area boundary. 

4. Image Enhancement: Using band 

combinations and indices (e.g., NDVI) to 

improve feature visibility. 

 

3.5 Image Classification 
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A supervised classification approach using the 

Maximum Likelihood Algorithm (MLC) was 

adopted. Training samples were selected for major 

land-use/land-cover (LULC) classes: 

1. Built-up Area 

2. Vegetation 

3. Water Body 

4. Bare Surface 

5. Agricultural Land 

 

The classification was conducted in ArcGIS Pro and 

QGIS (Semi-Automatic Classification Plugin). The 

resulting classified maps were verified using field 

data and high-resolution Google Earth imagery. 

 

3.6 Change Detection Analysis 

Post-classification comparison was used to detect 

changes between the time periods (2000–2010, 

2010–2020, and 2000–2020). Change detection 

analysis identified: 

• Expansion of built-up areas. 

• Reduction in vegetation and agricultural 

land. 

• Conversion rates between land-use classes. 

 

Mathematical expression for percentage change: 

Change (%) = (At-A0) *100 

                                A0 

Where: 

At = Area at later date, 

A0 = Area at earlier date. 

 

IV. RESULTS AND FINDINGS 

Introduction 

This chapter presents and analyzes the data obtained 

through geospatial and statistical techniques for the 

study. It discusses the spatial and temporal dynamics 

of urbanization in South-Eastern Nigeria from 2000 

to 2020, examines the implications of these changes 

on sustainable development indicators, and assesses 

their relationship with governance effectiveness. 

Data were analyzed using remote sensing, GIS, and 

statistical methods as outlined in Chapter Three. 

 

4.1 Land Use/Land Cover Classification and Change 

Detection 

Land Use/Land Cover Distribution (2000–2020) 

The classified maps of South-Eastern Nigeria for the 

three epochs—2000, 2010, and 2020—revealed 

significant changes in the spatial extent of land-use 

classes. Figures 4.1, 4.2, and 4.3 show the respective 

LULC maps, while Table 4.1 presents the 

quantitative statistics. 

 

Table 4.1: Land Use/Land Cover Distribution in South-Eastern Nigeria (2000–2020) 

LULC Class     2000 (km²)    2010 (km²)       2020 (km²)     % Change (2000–2020) 

Built-up Area     2,310.45     3,985.62        6,425.81          +178.1% 

Vegetation    10,875.36     8,752.90        6,548.24           −39.8% 

Agricultural Land    12,340.22    12,685.04       11,998.11           −2.8% 

Water Body    610.50    603.12       596.25           −2.3% 

Bare Surface   1,258.80    1,368.75       1,826.17           +45.0% 

Total Area   27,395.33    27,395.33       27,395.33 
 

 

 
4.1 Satellite Imagery on land use and cover 

distribution 

 

Interpretation of LULC Trends 

Between 2000 and 2020, built-up areas increased by 

about 178%, indicating intense urban growth in the 

region. Vegetation cover decreased by nearly 40%, 

reflecting deforestation and land conversion for 

housing and commercial activities. Agricultural land 

remained relatively stable, but with a slight decline 

toward 2020 due to urban encroachment. 

Spatial Pattern of Urban Expansion 
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4.2 Urban Growth Maps 

Figures 4.1 to 4.4 illustrate the urban expansion 

patterns in selected cities: 

• Enugu: Expansion from the core around 

Independence Layout and GRA toward 

Emene and Abakpa. 

• Aba: Growth extended northward and 

westward, with built-up area increasing 

from 58 km² in 2000 to 153 km² in 2020. 

• Owerri: Urban spread observed toward 

Nekede and Ihiagwa, reflecting conversion 

of agricultural land into residential estates. 

• Onitsha: Expansion across the Niger River 

axis, merging with Ogbaru and Obosi 

communities. 

• Abakaliki: Growth primarily toward Nkaliki 

and the northern peripheries. 

 

Table 4.2: Urban Expansion in Selected Cities (2000–2020) 

City Built-up Area (2000) Built-up Area (2020) Change (km²) Growth Rate (%) 

Enugu 65.30 km² 150.85 km² +85.55 +131.0 

Aba 58.12 km² 153.43 km² +95.31 +164.0 

Owerri 45.25 km² 117.40 km² +72.15 +159.4 

Onitsha 70.88 km² 172.22 km² +101.34 +143.0 

Abakaliki 28.62 km² 71.15 km² +42.53 +148.6 

Source: GIS Analysis, 2025 

 

4.2.1 Rate of Urban Growth 

The annual urban growth rate was computed using 

the formula: 

 

UGR = A2-A1*100 

              A1*n 

Where: 

A2 = Built-up area at time 2, 

A1 = Built-up area at time 1, 

n = Number of years between observations. 

Results indicate that urban areas in South-Eastern 

Nigeria grew at an average annual rate of 3.5%, 

which exceeds the UN-Habitat’s sustainable rate of 

2%. This implies that the region is experiencing 

unsustainable urbanization, leading to pressure on 

land and infrastructure. 

4.2.2 Assessment of Sustainable Development 

Indicators 

Green Space Ratio 

Using NDVI-derived vegetation maps, the average 

green space ratio per capita in major cities dropped 

from 0.012 ha/person (2000) to 0.004 ha/person 

(2020). 

This decline indicates loss of urban greenery, which 

contributes to heat island effects and reduced 

environmental quality. 

 

4.3 Accessibility to Infrastructure 

Proximity analysis was conducted to evaluate access 

to roads, schools, and hospitals. Table 4.3 

summarizes the results. 

 

Table 4.3: Accessibility Index to Basic Urban Infrastructure (2020) 

City Average Distance to 

Road (m) 

Access to Health Facilities (% of pop.) Access to Schools (% of 

pop.) 

Enugu              220                 78%       81% 

Aba              260                 65%       70% 

Owerri              210                 73%       75% 

Onitsha              190                 69%       72% 

Abakaliki              230                 68%       74% 

Source: Spatial Network Analysis, 2025 

The results show relatively high access in planned 

areas but poor accessibility in peri-urban and 

informal settlements. This spatial inequality reflects 

the weak implementation of urban development 

control and uneven public investment. 

 

4.4 Spatial Correlation between Urbanization, 

Sustainability, and Governance 

A Pearson correlation analysis was conducted to 

assess the relationships among built-up area 

expansion, vegetation loss, and governance 
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efficiency indicators (zoning compliance and 

infrastructure access). 

 

Table 4.4: Correlation Matrix of Key Variables 

Variable Built-up 

Area 

Vegetation 

Cover 

Zoning Compliance Infrastructure Access 

Built-up Area       1.00          -0.89            -0.67              -0.54 

Vegetation Cover      -0.89          1.00             0.65              0.48 

Zoning Compliance      -0.67          0.65             1.00              0.71 

Infrastructure Access      -0.54          0.48             0.71              1.00 

Source: Statistical Analysis, 2025 

 

The results indicate a strong negative correlation (-

0.89) between built-up expansion and vegetation 

cover, confirming that urban growth is occurring at 

the expense of environmental sustainability. Also, the 

negative relationship between built-up area and 

zoning compliance (-0.67) suggests weak governance 

mechanisms in managing urban growth. 

 

Findings 

The results confirm that urbanization in South-

Eastern Nigeria is rapid but largely unplanned, 

resulting in environmental degradation, loss of green 

spaces, and governance challenges. The use of 

geospatial techniques has proven effective in 

quantifying these trends, offering planners a data-

driven approach to managing urban growth. 

The findings align with previous studies (e.g., 

Oyinloye & Kufoniyi, 2019; Abiodun & Ojiako, 

2021) that reported similar patterns of uncontrolled 

expansion in Nigerian cities. Moreover, the results 

demonstrate the practical relevance of integrating 

GIS and remote sensing into governance frameworks 

for monitoring urban development and achieving 

Sustainable Development Goals (SDG 11: 

Sustainable Cities and Communities). 

 

V. SUMMARY, CONCLUSIONS, AND 

RECOMMENDATIONS 

 

5.1 Summary of the Study 

This research examined the application of geospatial 

techniques in monitoring urbanization, sustainable 

development, and good governance in South-Eastern 

Nigeria. The study employed remote sensing and 

GIS-based methods to detect, quantify, and analyze 

land-use/land-cover (LULC) changes between 2000 

and 2020. 

Multi-temporal satellite images (Landsat and 

Sentinel) were processed to classify land use into five 

categories: built-up area, vegetation, agricultural 

land, water body, and bare surface. The spatial and 

temporal dynamics of these classes were analyzed, 

and their implications for sustainability and 

governance were assessed. 

 

Five major urban centers, Enugu, Aba, Onitsha, 

Owerri, and Abakaliki, were selected as case studies. 

The research also incorporated governance data such 

as zoning compliance, infrastructure distribution, and 

waste management coverage to evaluate how urban 

expansion relates to urban management performance. 

 

5.2 Summary of Key Findings 

The main findings of the study are summarized as 

follows: 

1. Rapid and Uncontrolled Urban Growth: 

The analysis revealed that built-up areas in 

South-Eastern Nigeria expanded from 

2,310.45 km² in 2000 to 6,425.81 km² in 

2020, representing an increase of about 

178% over the 20 years. This growth has 

been most pronounced in Aba, Enugu, and 

Onitsha. 

2. Decline in Vegetation and Green Spaces: 

Vegetation cover declined by nearly 40%, 

indicating massive conversion of natural 

and agricultural lands into built-up areas. 

This trend has contributed to increased land 

surface temperature, loss of biodiversity, 

and reduced ecological sustainability. 

3. Spatial Inequality in Infrastructure 

Distribution: 

Accessibility analysis showed that while 

urban cores enjoy relatively good access to 

roads, schools, and hospitals, peri-urban and 

informal settlements have limited 

infrastructure coverage. This spatial 

imbalance exacerbates socio-economic 

inequalities. 
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4. Weak Urban Governance and Planning 

Compliance: 

Only about 62% of the current land use in 

the region aligns with existing urban master 

plans. The remaining 38% reflects 

unregulated and informal developments, 

largely due to weak enforcement and 

inadequate spatial data integration. 

5. Negative Correlation between Urbanization 

and Sustainability Indicators: 

Statistical analysis revealed a strong 

negative correlation (-0.89) between built-

up area expansion and vegetation cover, and 

a moderate negative correlation (-0.67) 

between urban growth and zoning 

compliance. This confirms that rapid 

urbanization is undermining sustainability 

and governance efficiency. 

6. Effectiveness of Geospatial Techniques: 

The study demonstrated that remote sensing 

and GIS are powerful tools for monitoring 

urban growth, identifying policy gaps, and 

providing spatial evidence for decision-

making. They support real-time monitoring, 

visualization, and predictive analysis for 

better governance. 

 

5.3 Conclusion 

The study concludes that urbanization in South-

Eastern Nigeria has been rapid, spatially 

uncoordinated, and weakly governed, leading to 

significant environmental degradation, loss of green 

spaces, and uneven access to urban services. 

 

The findings underscore the urgent need for a data-

driven and geospatially informed urban management 

approach to ensure sustainable development. 

Geospatial techniques, through remote sensing and 

GIS, provide the necessary tools for effective 

monitoring, analysis, and visualization of urban 

dynamics. 

By integrating geospatial technologies into the 

governance framework, policymakers can track 

urban expansion, assess environmental impacts, and 

allocate resources more equitably. Such integration 

aligns with the Sustainable Development Goals 

(particularly SDG 11: Sustainable Cities and 

Communities) and supports evidence-based planning 

at local and regional scales. 

 

5.4 Recommendations 

Based on the findings, the following 

recommendations are proposed to enhance 

sustainable urban development and good governance 

in South-Eastern Nigeria: 

1. Institutionalize Geospatial Monitoring Systems 

State governments should establish Urban Geospatial 

Monitoring Units within Ministries of Lands and 

Urban Planning. These units should routinely collect, 

analyze, and disseminate satellite-based data to 

monitor land-use changes and guide urban policy. 

 

2. Integrate GIS into Urban Governance 

Frameworks 

GIS databases should be integrated into existing 

governance and administrative systems to improve 

land management, zoning enforcement, and service 

delivery. A centralized Urban GIS Portal should be 

developed for all five states to support data sharing 

and transparency. 

 

3. Promote Sustainable Land-Use Planning 

Urban development plans should be periodically 

reviewed using up-to-date geospatial data. Priority 

should be given to: 

• Maintaining urban green belts and parks. 

• Controlling expansion into agricultural and 

flood-prone lands. 

• Implementing urban containment strategies 

to limit sprawl. 

 

4. Strengthen Institutional and Legal Frameworks 

The institutional capacity of urban planning 

authorities should be enhanced through: 

• Training of personnel in remote sensing and 

GIS applications. 

• Updating planning laws to reflect geospatial 

technology usage. 

• Enforcing compliance with urban master 

plans through digital land monitoring. 

 

5. Enhance Environmental and Sustainability 

Programs 

Urban greening programs, tree planting, and 

ecological restoration should be prioritized. 

Environmental sustainability indicators such as green 

space ratio, waste recycling rate, and air quality 

should be continuously monitored using remote 

sensing tools. 
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