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Abstract 

Global urban dynamics are rapidly increasing, posing a great challenge to urban and 

environmental sustainability. In Sub-Saharan Africa city-regions, land use planning strategies 

and instruments used to guide urban dynamic patterns for urban and environmental 

sustainability are faced with various challenges, including insufficient data availability. 

Focusing on the Abuja city-region as a case study, the goal of this research is to contribute to 

effective land use planning for improving urban and environmental sustainability using 

integrated empirical data derived from Geographic Information Systems, Remote Sensing, and 

surveys to offer detailed and new insights into urban land dynamics. 

While investigating the mismatches between the past and current urban land cover and land use 

plans, the supervised classification of the land cover of LANDSAT data from 1987, 2002, and 

2017 was used to quantify the non-urban development areas lost to urban/built-up. Expert 

interviews were applied to guide and develop three scenario alternatives to simulate land cover 

from 2017 to 2030 and 2050 using the Multi-Layer Perceptron Neural Network and Markov 

models. The scenarios included Business As Usual that extrapolates past trends; Regional Land 

Use Plan that restricts urban expansion to the land designated for urban development, and; 

Adjusted Urban Land that incorporates the leapfrogged settlements into the land designated for 

urban development. Based on these scenario alternatives, the potential degradation of the 

protected environmentally sensitive areas by the possible future urban dynamics was 

investigated. By overlaying and contrasting land use plans, land cover maps derived from 

satellite imagery, and expert surveys, the spatial inconsistencies and their causes between urban 

and regional plans, as well as the associated urban dynamics were investigated. 

The results indicated an increase in urban/built-up areas and large mismatches between the 

past/current urban land cover and the existing land use plans. Also, the results indicated high, 

little, and no potential degradation of the protected environmentally sensitive areas by the future 

urban dynamics under the Business As Usual, Adjusted Urban Land, and Regional Land Use 

Plan scenarios respectively. Additionally, the results illuminated multiple inconsistencies (e.g., 

spatial conflicts) between urban and regional plans, most prominently stemming from conflicts 

in administrative boundaries and a lack of interdepartmental coordination. 

The methods and the baseline information provided, especially from the Adjusted Urban Land 

scenario would be useful for effective land use planning. This would support improving the 
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urban and environmental sustainability of the Sub-Saharan African city-regions and across the 

Global South, where insufficient data availability challenges land use planning. 
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Zusammenfassung 

Die schnell wachsende Dynamik urbaner Räume stellt global eine große Herausforderung für 

die urbane und ökologische Nachhaltigkeit dar. In den Stadtregionen in Subsahara-Afrika 

stehen die Strategien und Instrumente der Landnutzungsplanung, die zur Steuerung der urbanen 

Dynamik für die urbane und ökologische Nachhaltigkeit eingesetzt werden, vor verschiedenen 

Herausforderungen, einschließlich der unzureichenden Verfügbarkeit von Daten. Fokussiert 

auf die Stadtregion Abuja als Fallstudie, das Ziel dieser Forschung ist es, zu einer effektiven 

Landnutzungsplanung zur Verbesserung der urbanen und ökologischen Nachhaltigkeit 

beizutragen, indem integrierte empirische Daten aus Geographischen Informationssystemen, 

Fernerkundung und Umfragen genutzt werden, um detaillierte und neue Einblicke in die urbane 

Landdynamik zu bieten. 

Bei der Untersuchung der Diskrepanzen zwischen der vergangenen und der aktuellen 

städtischen Landbedeckung und den Flächennutzungsplänen wurde die überwachte 

Klassifizierung (supervised classification) der Landbedeckung von LANDSAT-Daten aus den 

Jahren 1987, 2002 und 2017 verwendet, um die nicht-städtischen Entwicklungsflächen zu 

quantifizieren, die an die Stadt/Bebauung verloren gingen. Experteninterviews wurden zur 

Anleitung und Entwicklung von drei Szenarioalternativen zur Simulation der Landbedeckung 

von 2017 bis 2030 und 2050 unter Verwendung des Multi-Layer Perceptron Neural Network 

und Markov-Modellen verwendet. Die Szenarien umfassten “Business As Usual”, das die 

Trends der Vergangenheit extrapoliert; “Regionaler Flächennutzungsplan”, der die städtische 

Expansion auf das für die Stadtentwicklung vorgesehene Land beschränkt, und “Adjusted 

Urban Land”, das die (Leapfrogging) Siedlungen in das für die Stadtentwicklung vorgesehene 

Land einbezieht. Basierend auf diesen Szenario-Alternativen wurde die potenzielle 

Beeinträchtigung der geschützten ökologisch sensiblen Gebiete durch die mögliche zukünftige 

städtische Dynamik untersucht. Durch Überlagerung und Gegenüberstellung von 

Flächennutzungsplänen, aus Satellitenbildern abgeleiteten Landbedeckungskarten und 

Expertenbefragungen wurden die räumlichen Unstimmigkeiten und deren Ursachen zwischen 

Stadt- und Regionalplänen sowie die damit verbundene urbane Dynamik untersucht. 

Die Ergebnisse zeigten eine Zunahme der städtischen/bebauten Flächen und große 

Unstimmigkeiten zwischen der früheren/aktuellen städtischen Landbedeckung und den 

bestehenden Flächennutzungsplänen. Außerdem zeigten die Ergebnisse eine hohe, geringe und 

keine potenzielle Beeinträchtigung der geschützten ökologisch sensiblen Gebiete durch die 

zukünftige urbane Dynamik unter den Szenarien "Business As Usual", "Adjusted Urban Land" 
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und "Regionaler Flächennutzungsplan". Darüber hinaus zeigten die Ergebnisse mehrere 

Widersprüche (z.B. räumliche Konflikte) zwischen städtischen und regionalen Plänen auf, die 

vor allem aus Konflikten der administrativen Grenzen und einer mangelnden Koordination 

zwischen den Behörden resultieren. 

Die Methoden und die zur Verfügung gestellten Basisinformationen, insbesondere aus dem 

“Adjusted Urban Land” Szenario, wären für eine effektive Flächennutzungsplanung von 

Nutzen. Dies würde dazu beitragen, die urbane und ökologische Nachhaltigkeit der 

Stadtregionen in Subsahara-Afrika und im gesamten Globalen Süden zu verbessern, wo eine 

unzureichende Datenverfügbarkeit die Flächennutzungsplanung erschwert. 
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1 Research background 

Global urban dynamics are rapidly increasing, posing a great challenge to urban and 

environmental sustainability (Chen et al., 2020; Liu et al., 2019; He et al., 2019; Agyemang et 

al., 2019; Agyemang and Silva, 2019; Aldana-Domínguez et al., 2019; Kukkonen et al., 2018; 

Li et al., 2018; Barrera and Henríquez, 2017). In this context, environmental sustainability is 

defined as the condition that allows human society to meet its current needs without 

compromising the current and future health of natural ecosystems (Morelli, 2011). Land use 

planning, which is a deliberate process of defining land for various uses to balance social, 

economic, and environmental goals (Liang et al., 2020; Phillips and João, 2017), is an approach 

for guiding urban dynamics to improve urban and environmental sustainability (Mohamed et 

al., 2020; Cobbinah et al., 2020; Liang et al., 2020; Li et al., 2020; Belčáková, 2016). 

Global urban land was estimated at 274,700 km2 in 1992 and increased to 621,100 km2 in 2016, 

which is an expansion of 346,400 km2 within 24 years (He et al., 2019). Due to the rapid urban 

expansion, the future global urban expansion may increase to 1,200,000 km2 in 2030 (Seto et 

al., 2012). Global urban expansion has global negative environmental impacts e.g., 

encroachment or destruction of global biodiversity hotspots and cropland (Chen et al., 2020; 

McDonald et al., 2018; Huang et al., 2018; Seto et al., 2012). The global urban expansion 

mostly occurs in the Global South, including Africa where this expansion is happening at rapid 

rates (Kuang et al., 2020; Liu et al., 2019; Agyemang et al., 2019; Agyemang and Silva, 2019; 

Kukkonen et al., 2018; Angel et al., 2011). In Africa, urban land was estimated at 7,700 km2 in 

1992 and expanded to 27,600 km2 in 2016, which is an expansion of 19,900 km2 within 24 

years (He et al., 2019). The future urban expansion in Africa is projected to occur, especially 

in the Sub-Saharan Africa sub-region, where the expansion will be more than 12-folds between 

2000 and 2050 (Angel et al., 2011). 

In Sub-Saharan Africa, previous urban studies (e.g., Sumari et al., 2020; Mohamed et al., 2020; 

Mahmoud et al., 2016; Tope-Ajayi et al, 2016; Ade and Afolabi, 2013) investigated urban 

dynamics and the associated environmental degradation. For example, Tope-Ajayi et al. (2016) 

observed a significant degradation of vegetation by urban expansion in Abuja, Nigeria. 

Degradation of vegetation by urban expansion threatens biodiversity, causes habitat 

fragmentation, and species extinction (Tope-Ajayi et al., 2016; Ade and Afolabi, 2013). Sumari 

et al. (2020) observed the increase in both urban built-up areas and the associated environmental 

degradation (e.g., deforestation, agricultural land degradation) in Morogoro, Tanzania. The 

environmental degradation of the urban green space in Mafikeng, South Africa, and woodlands 
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in Rundu, Namibia are associated with urban dynamics (Munyati and Drummond, 2020; Röder 

et al., 2015). 

In Sub-Saharan Africa city-regions, land use planning strategies and instruments used to guide 

urban expansion patterns towards improving urban and environmental sustainability are faced 

with various challenges, including insufficient data availability, poor environmental 

assessments (Schug et al., 2018; Potts, 2012; Mwathunga and Donaldson, 2018; Makaba and 

Munyati, 2018; Kleemann et al., 2017). The environmental assessment of land use planning can 

be seen as a process of determining and mitigating the environmental impacts of strategic 

planning to improve environmental sustainability (Wu and Ma, 2019; Wu and Ma, 2018; Bodde 

and Van der Wel, 2018; OECD, 2006). Land use planning has not been able to address 

effectively the environmental sustainability problems (e.g., degradation of the protected 

environmentally sensitive areas caused by urban expansion patterns) (Mohamed et al., 2020; 

Mahmoud et al., 2016; Ade and Afolabi, 2013). For example, despite the adoption of land use 

planning strategies and instruments at urban and regional scales to guide urban expansion 

patterns, haphazard urban expansion patterns into natural environments were observed in 

Abuja, Nigeria (Mahmoud et al., 2016; Ade and Afolabi, 2013). In other Sub-Saharan Africa 

city-regions, similar urban expansion patterns were observed in Addis Ababa, Ethiopia 

(Mohamed et al., 2020) and Accra, Ghana (Agyemang and Silva, 2019). Such urban expansion 

patterns are associated with urban leapfrogging, where vacant lands are skipped to develop 

farther lands from the city center (Agyemang and Silva, 2019; Chen et al., 2017). 

Previous urban studies (e.g., Liu et al., 2019; Barrera and Henríquez, 2017; Mahmoud et al., 

2016; Owoeye and Ibitoye, 2016; Akintunde et al., 2016; Hou et al., 2016) investigated the 

past/current, and/or the possible future urban dynamics but with little or no direct implications 

for land use planning. This would make it difficult or impossible to ascertain the degradation 

levels of the past/current urban dynamics in the protected environmentally sensitive areas 

proposed by land use plans. Also, it would make it difficult or impossible to ascertain the future 

degradation level that may occur if challenges facing land use planning strategies are not 

identified and addressed to guide urban expansion patterns. This research investigated the past, 

current, and possible future urban expansion patterns with direct implication to land use 

planning, including the protected environmentally sensitive areas. Also, key challenges facing 

land use planning and environmental assessment were investigated for effective land use 

planning and improving urban and environmental sustainability. 
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2 Land use planning and urban land dynamics in the Abuja city-region, Nigeria 

Land use planning strategies at urban and regional scales (Fig. 1.1a and b) were developed by 

International Planning Associates (IPA) in 1979 to foster the sustainable development of Abuja 

after the declaration of the region as the Federal Capital Territory (FCT) of Nigeria in 1976 

(Adama, 2020; Mashi and Shuaibu, 2018; FMITI, 2015; Sufiyan et al., 2015; Abubakar, 2014; 

Ade and Afolabi, 2013; Ejaro and Abubakar, 2013). The declaration of FCT was to develop a 

new Federal Capital City (FCC) in Abuja that is free from socio-environmental problems (e.g., 

traffic congestion, overpopulation, shortage of land for urban expansion, distortion of the 

master plan) associated with the formal capital, Lagos (FMITI, 2015; Sufiyan et al., 2015; 

Abubakar, 2014; Ade and Afolabi, 2013; Idoko and Bisong, 2010). Contrarily, Abuja featured 

the availability of space for settlement expansion with low population density as the region was 

characterized by farm settlements before the FCT declaration. The purpose of the land use plans 

includes preservation of the natural environment, development of a functional and garden city, 

improvement of the accessibility of all areas, effective regional development, rapid national 

economic growth, coordination of land use amongst others (Abubakar, 2014; Jelili et al., 2008; 

COHRE and SERAC, 2008). The implementation of the land use plans, particularly in Abuja 

city started in the early 1980s, making Abuja a city developed from scratch and the government 

seat of power was relocated from Lagos to Abuja in 1991 (Adama, 2020; Mashi and Shuaibu, 

2018; FMITI, 2015; Abubakar, 2014). As a city developed from scratch, Abuja could have been 

a role model to other cities in Sub-Saharan Africa and other parts of the Global South, where 

rapid urban expansion poses challenges to urban and environmental sustainability (Agyemang 

et al., 2019; Agyemang and Silva, 2019; Aldana-Domínguez et al., 2019; Kukkonen et al., 2018; 

Li et al., 2018; Barrera and Henríquez, 2017). However, the plans have not been implemented 

effectively in peri-urban/satellite settlements, leaving those areas to develop as informal 

settlements that feature haphazard urban expansion patterns, including urban leapfrogging (Fig. 

1.2c and d). In Abuja city, particularly in those areas where the land use plans have been 

implemented features a good arrangement of urban elements (Fig. 1.2a and b). Despite the 

adoption of land use planning strategies and instruments at urban and regional scales, urban 

dynamics in Abuja and the surrounding settlements were observed not adhere to the plans, 

posing challenges towards improving urban and environmental sustainability (Mahmoud et al., 

2016; Ade and Afolabi, 2013; Ejaro and Abubakar, 2013; Usman, 2013; Fanan et al., 2011; 

Ujoh et al., 2010). 
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Figure 1.1: Abuja land use plans (a) FCT regional plan and (b) FCC urban plan phase I-III 

Source: Extracted from Fola Consult Ltd (2011); AGIS (2007) 

b 

a 



6 

 

     

Figure 1.2: FCT Abuja urban landscape with (a) and (b) the planned FCC phase I area; (c) 

Old Karu informal settlement, and; (d) Lugbe informal settlement  

Source: Author’s fieldwork 2019; 2020 

In Abuja, urban land dynamics feature rapid urban expansion to the detriments of land use 

designated for non-urban development, including the natural environment and agriculture 

(Yunus and Adamu, 2018; Mahmoud et al., 2016; Ade and Afolabi, 2013; Ejaro and Abubakar, 

2013; Usman, 2013; Fanan et al., 2011; Ujoh et al., 2010). According to Ade and Afolabi 

(2013), the removal of vegetation by urban growth is a significant threat to biodiversity and 

may be associated with species extinctions and fragmentation of available habitats in Abuja city 

and the surrounding settlements. The removal of natural vegetation by urban expansion may 

pose a challenge towards achieving the preservation of the natural environment, including the 

protected environmentally sensitive areas by land use plans in the Abuja city and peri-

urban/satellite settlements. Also, the encroachment of urban development into land use for 

agriculture may have a negative impact on soil fertility and food availability, which are relevant 

for both urban and environmental sustainability in the Abuja city-region. 

c d 

a b 
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3 Research goal, aims, and objectives 

The goal of this research is to contribute to effective land use planning for improving urban and 

environmental sustainability using integrated empirical data derived from Geographic 

Information Systems (GIS), Remote Sensing (RS), and surveys to offer detailed and new 

insights into urban land dynamics. The research targets 3 aims and specific objectives for each 

aim. 

First, the research aims to integrate GIS and open access RS data to examine spatial trends of 

urban land cover in Abuja, Nigeria between 1987 and 2017 for the purpose of providing 

baseline information to support land use planning. The specific objectives are to: 

1. visualize and quantify the spatial patterns of land cover types for 1987, 2002, and 2017; 

2. quantify the land cover transitions between urban/built-up and vegetation, bare land, 

and water; 

3. compute the net change of land cover types between 1987, 2002, and 2017, and; 

4. quantify the mismatches between urban/built-up and the urban and regional land use 

plans to offer new insights into the past and current urban dynamics. 

Second, the research aims to integrate empirical data derived from GIS, RS, and surveys of 

experts to offer insights into the possible future urban expansion under spatial planning 

scenarios to support land use planning and environmental sustainability of city-regions. The 

general research question for this aim is: can the environmentally sensitive areas designated by 

land use plans be protected from the possible future urban dynamics, considering the need and 

high rate of urban expansion patterns in the city-regions? The specific objectives are to: 

1. identify the spatial determinants of urban expansion to select the driver variables for 

future urban expansion; 

2. use expert interviews to guide the development of scenarios of likely urban expansion 

for different spatial planning alternatives to simulate land cover from 2017 to 2030 and 

to 2050; 

3. contrast experts’ opinions on the potential future demands for urban land expansion 

under different scenario implementation, and; 

4. quantify the potential degradation of environmentally sensitive areas by the possible 

future urban expansion. 

Third, the research aims to combine GIS/RS and survey-based data to investigate the key 

challenges of land use planning strategies and their environmental assessments for the purpose 
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of improving the urban and environmental sustainability of city-regions. The specific objectives 

are to investigate: 

1. the spatial inconsistencies and the causes between urban and regional plans, as well as 

the associated conflicts between the built-up areas and other land uses; 

2. the state of land use planning; 

3. the state of environmental assessments of land use planning, and; 

4. the ways to address these challenges for effective land use planning. 

4 Research methodology 

4.1 Research approach 

This study used the integrated research approach, which is an approach that combines e.g., the 

social and natural science methods to investigate the complex human-environment systems 

(Ohl et al., 2010). The complex human-environment systems are attributed to human-

environment interactions (Rodriguez et al., 2021; Marchant et al., 2018; Ohl et al., 2010). In 

this context, the human (social) system is the complex urban dynamics driven by various human 

activities (e.g., social/urban infrastructures) to meet the needs of urban dwellers. The complex 

environment system is the natural environmental dynamics (e.g., the protected environmentally 

sensitive areas) caused by urban developments. This study integrated GIS/RS and 

questionnaire/interview surveys as natural and social science methods respectively to 

investigate urban dynamics and land use planning, including the protected environmentally 

sensitive areas designated by land use plans. Also, while the GIS and RS methods (e.g., satellite 

image classification, land cover modeling) can be linked to computer science (deduced from 

the natural science methods), urban dynamics, which is the area of applicability can be linked 

to social science investigation within a spatial science domain. Furthermore, the questionnaire 

and interview surveys are also integrated within the social science method by combining 

quantitative (descriptive statistics) and qualitative analyses to investigate the human 

perceptions on urban dynamics and land use planning. By integrating GIS, RS, questionnaire, 

and interview for data collection and GIS/RS spatial, quantitative, and qualitative data analyses, 

the research methodology, therefore, is contextualized within the integrative research approach.    

4.2 Data collection and analyses 

This research relied on empirical data derived from GIS, RS, questionnaires, and interview 

surveys. The GIS and RS data included the satellite images captured by Landsat 7 and 8 for 

1987, 2002, 2017, and 2019 from the United States Geological Surveys (USGS, 2019; USGS, 
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2017). Also, a satellite image, which was captured by Nigeriasat-2 for 2012 from the National 

Space and Research Development Agency (NASRDA) (NASRDA, 2012) and a Digital 

Elevation Model (DEM) from the Shuttle Radar Topography Mission (SRTM) (Jarvis et al., 

2008). Additionally, the satellite imagery accessed via Google Earth in 2017, the regional land 

use plan of FCT Abuja (AGIS, 2007), and the 2011 FCC Abuja revised land use plan phases I-

IV (Fola Consult Ltd, 2011; AS&P and Elsworth, 2008). The urban land use plan was collected 

from the Department of Urban and Regional Planning (DURP) in Abuja, while the regional 

land use plan was collected from the Abuja Geographic Information System (AGIS). 

Regarding data analysis, integrated data analysis was applied to analyze the integrated data 

from different sources using ArcGIS, TerrSet, and R programming platforms. While the 

GIS/RS data analyses included the supervised classification of satellite images, cartographic 

GIS overlays, Euclidean distance modeling, logistic regression modeling, Multi-Layer 

Perceptron (MLP) Neural Network modeling, and Markov land use modeling, the survey-based 

data analyses included the descriptive and qualitative analyses. The supervised classification of 

satellite images, which is a process whereby the known pixels’ true values of land cover are 

carefully selected to assign information classes to unknown pixels (Campbell and Wynne, 

2011) was used to derive maps for land cover types, including urban land cover trends. While 

using the supervised classification, the maximum likelihood algorithm was applied, which is 

the classifier that relies on the probability that different pixels belong to different classes and 

assigns pixels to the class with the highest probability (Lu et al., 2011; Tso and Mather, 2009). 

The Cartographic GIS overlays were used to investigate the mismatches between the land use 

plans and the observed urban land cover, as well as the spatial inconsistencies between urban 

and regional plans. While the Euclidean distance and logistic regression modeling were used to 

investigate the urban dynamics driver variables, the MLP Neural Network and Markov land use 

modeling (Singha et al., 2012; Koomen and Stillwell, 2007) were used to simulate the possible 

future urban dynamics under different scenario alternatives. The descriptive analysis was used 

to organize the questionnaire dataset characteristics to identify urban dynamics driver variables 

and key challenges facing land use planning strategies and their environmental assessment 

process. The qualitative analysis was used to develop storylines to guide the development of 

scenarios of urban growth modeling and analyze the key challenges facing land use planning 

strategies and their environmental assessment process. The detailed explanations of the 

integrated data collection and analyses are presented in the Materials and methods sub-sections 

in Chapters 2, 3, and 4. Fig. 1.3 summarizes the integrated research approach.  
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Figure 1.3: The integrated research approach for urban land dynamics and land use planning 

5 Research significance 

In the past few years, urban research effort increases in the Global South (e.g., Gao et al., 2020; 

Barrera and Henríquez, 2017; Aldana-Domínguez et al., 2019; Nor et al., 2017), including Sub-

Saharan Africa (e.g., Mohamed and Worku, 2020; Agyemang et al., 2019; Agyemang and Silva, 

2019; Kukkonen et al., 2018; Mahmoud et al., 2016). In Sub-Saharan Africa, previous urban 

research (e.g., Sumari et al., 2020; Ade and Afolabi, 2013; Ejaro and Abubakar, 2013) observed 

urban growth to the detriments of land use for non-urban development, including the natural 

vegetation. Other urban studies (e.g., Agyemang and Silva, 2019; Mahmoud et al., 2016; Tope-

Ajayi et al., 2016; Agbor et al., 2012) predicted the future urban dynamics but without spatial 

planning scenarios to support land use planning in the prediction. In one of the few studies 

about future urban dynamics with the consideration of spatial planning scenarios, Kukkonen et 

al. (2018) simulated the possible future urban development of Zanzibar, Tanzania but without 

direct implications on the protection of environmentally sensitive areas. Moving forward, 

Mohamed and Worku (2020) applied the Ecologically Sensitive Scenario to simulate the 

possible future urban expansion for the direct protection of environmentally sensitive areas, 

however, did not incorporate the urban leapfrogging and land designated for urban development 

by the land use plan to restrict the future urban dynamics. This makes it difficult to balance the 

need for urban expansion and the protection of environmentally sensitive areas at the same time. 
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One significance of this study is the incorporation of the leapfrogged urban expansion patterns 

to develop the Adjusted Urban Land (AUL) as a spatial planning scenario alternative to restrict 

future urban dynamics. The AUL can be seen as a spatial planning scenario to support the 

actualization of certain visions e.g., urban and environmental sustainability. The essence of 

developing the AUL scenario is to investigate the possibility of balancing the need for future 

urban expansion and the protection of environmentally sensitive areas of city-regions. 

Therefore, this research contributes to knowledge through the development of the AUL scenario 

of future urban expansion using GIS, RS, and survey-based methods. Other research 

significance can be deduced from the large mismatches between the observed urban land cover 

and the land use plans. Also, the spatial inconsistencies between urban and regional land use 

plans caused by conflicts in administrative boundaries, conflicts in funding the land use 

planning process, and lack of good coordination, as well as the associated spatial conflicts 

between the current/future urban developments and land use plans within the conflict areas. 

The methods and baseline information derived in this study would be useful to government 

departments/agencies (e.g., DURP, AGIS), and other organizations and stakeholders involving 

in land use planning and implementation at urban and regional scales. Furthermore, the methods 

and baseline information would be useful within the academic and research community to foster 

and advance further investigation of the thematic scope of the study. This would contribute to 

effective land use planning for urban and environmental sustainability in Abuja and other city-

regions across Sub-Saharan Africa and the Global South, where land use planning, urban and 

environmental sustainability are faced with peculiar challenges. 

6 Dissertation structure 

The structure of this Dissertation is based on cumulative research and it consists of five 

chapters, including three main chapters (Chapters 2, 3, and 4), where research objectives were 

followed systematically to achieve the research aims and goal. Chapter 1, which is the 

introduction presented the research background and other scientific contexts, including the 

research goal, aims, and objectives, research methodology, significance, and structure to 

develop Chapters 2, 3, and 4. Chapter 5, which is Synthesis summarized the main research 

findings and implications of Chapters 2, 3, and 4 and presented the outlook for further 

investigations. Chapters 2, 3, and 4 were written as separate scientific articles with strong 

connectivity and were published in international peer-reviewed journals as presented below. 

Chapter 2: Enoguanbhor, E. C., Gollnow, F., Nielsen, J. O., Lakes, T., Walker, B. B., 

2019. Land Cover Change in the Abuja City-Region, Nigeria: Integrating GIS 
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and Remotely Sensed Data to Support Land Use Planning. Sustainability 11(5), 

1313. https://doi.org/10.3390/su11051313 

Chapter 2 of this thesis addresses the first research aim and the specific objectives as highlighted 

above. The chapter integrated GIS and RS data to investigate land cover change from 1987 to 

2017 with a focus on urban land dynamics trends. The analysis quantified and visualized land 

cover change spatial patterns, transition change detection, net change detection, and the 

mismatches between the observed urban land dynamics and land use plans and discussed the 

implications with respect to land use planning, urban, and environmental sustainability. The 

chapter served as the base to generate spatial empirical data for Chapters 3 and 4. 

Chapter 3: Enoguanbhor, E. C., Gollnow, F., Walker, B. B., Nielsen, J. O., Lakes, T., 

2020. Simulating Urban Land Expansion in the Context of Land Use Planning 

in the Abuja City-Region, Nigeria. GeoJournal. https://doi.org/10.1007/s10708-

020-10317-x 

Chapter 3 of this thesis addresses the second research aim and the specific objectives as stated 

above. In this chapter, GIS, RS, and survey-based data were integrated to simulate urban land 

cover from 2017 to 2030 and 2050 under spatial planning scenario alternatives. To actualize 

the aim, the research systematically investigated the spatial determinants of urban expansion; 

used expert interviews to guide the development of scenarios of likely urban expansion; 

contrasted experts’ opinions on the potential future demands for urban land expansion, and 

quantified and visualized the possible future urban dynamics spatial patterns and the 

degradation of the protected environmentally sensitive areas under the scenario alternatives. 

The chapter discussed the findings and implications for land use planning, urban, and 

environmental sustainability. The results of this chapter served as additional spatial data for 

Chapter 4. 

Chapter 4: Enoguanbhor, E. C., Gollnow, F., Walker, B. B., Nielsen, J. O., Lakes, T., 

2021. Key Challenges for Land Use Planning and its Environmental 

Assessments in the Abuja City-Region, Nigeria. Land 10(5), 443. 

https://doi.org/10.3390/land10050443 

Chapter 4 of this thesis addresses the third research aim and the specific objectives as 

highlighted above. The chapter integrated GIS/RS and survey-based data to investigate the key 

challenges for land use planning strategies and their environmental assessment process. The 

research investigated spatial inconsistencies and the causes between urban and regional plans 

https://doi.org/10.3390/su11051313
https://doi.org/10.1007/s10708-020-10317-x
https://doi.org/10.1007/s10708-020-10317-x
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as well as the associated conflicts between current/future urban dynamics and the various land 

use designated by the regional plan. Also, the research investigated the states of land use 

planning and environmental assessment of land use planning with respect to key challenges, as 

well as the ways to address the challenges for effective land use planning. The findings of this 

chapter were discussed, including the implications for land use planning, urban, and 

environmental sustainability. 

Chapters 2-4 offered new insights into urban dynamics in relation to land use planning, 

including the protected environmentally sensitive areas designated by the regional plan, thus 

contribute to the current pieces of literature on land use planning, urban, and environmental 

sustainability. 
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Chapter 2  

Land cover change in the Abuja city-region, Nigeria: integrating GIS and 

remotely sensed data to support land use planning 
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Abstract 

Rapid urban expansion is a significant contributor to land cover change and poses a challenge 

to environmental sustainability, particularly in less developed countries. Insufficient data about 

urban expansion hinders effective land use planning. Therefore, a high need to collect, process, 

and disseminate land cover data exists. This study focuses on urban land cover change detection 

using Geographic Information Systems and remote sensing methods to produce baseline 

information in support of land use planning. We applied a supervised classification of the land 

cover of LANDSAT data from 1987, 2002, and 2017. We mapped land cover transitions from 

1987 to 2017 and computed the net land cover change during this time. Finally, we analyzed 

the mismatches between the past and current urban land cover and land use plans and quantified 

the non-urban development area lost to urban/built-up. Our results indicated an increase in 

urban/built-up and bare land cover types, while vegetation land cover decreased. We observed 

mismatches between past/current land cover and the existing land use plan. By providing 

detailed insights into mismatches between the regional land use plan and unregulated urban 

expansion, this study provides important information for a critical debate on the role and 

effectiveness of land use planning for environmental sustainability and sustainable urban 

development, particularly in less developed countries. 

Keywords: Change detection; urban expansion; urban planning; regional planning; 

environmental sustainability; Sub-Saharan Africa 
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1 Introduction 

Global urban growth/expansion continues to rapidly increase (Nor et al., 2017; Zhou et al., 

2018; Angel et al., 2011), causing significant impacts on land and environmental dynamics at 

the regional and local scales (Vasenev et al., 2018; Kukkonen et al., 2018; Tiitu, 2018). The 

associated land use/cover changes (Akpu et al., 2017; Owoeye and Ibitoye, 2016; Gibson et al., 

2015; Quan et al., 2015; Fanan et al., 2011; Barrera and Henríquez, 2017) pose a great challenge 

to environmental sustainability (Nwokoro and Dekolo, 2012) and sustainable urban 

development (Tiitu, 2018). In this context, environmental sustainability is defined as the 

condition that allows human society to meet its current needs without compromising the current 

and future health of natural ecosystems (Morelli, 2011). Sustainable urban development thereby 

relies on designing urban areas with consideration given to consumption (e.g., energy) and 

pollutions (e.g., waste, water, air, and soil) (Abdullahi and Pradhan, 2017), together with social, 

economic, and cultural considerations of creating a functional urban environment for current 

and future generations. 

Environmental sustainability and sustainable urban development can be improved through 

informed land use planning. Uncoordinated, unenforced, or non-existent land use planning may 

result in haphazard development (Yin, 2012) and excess deterioration of the built and natural 

environments. In less developed countries (and particularly in Sub-Saharan Africa), rapid urban 

expansion and growth of informal settlements challenge current efforts for sustainable land use 

planning (UN-Habitat, 2008). Land use planning, which is the process of allocating land to 

different uses to balance social, economic, and environmental objectives (Phillips and João, 

2017), focuses on the spatiality and geographies of socioeconomic and ecological factors to 

optimize the use of space while minimizing conflict (BMZ, 2012). Applied land use planning 

varies widely, but the general process includes preparation (defining the goal and objectives), 

data collection and analysis, plan formulation, negotiation and decision-making, 

implementation, and monitoring and updating (BMZ, 2012). According to Metternicht (2017), 

land use planning processes can be carried out at different scales (e.g., urban, regional, 

national). At the regional scale, the process of land use planning aims to resolve conflicts 

between national goals and local interests by balancing different purposes such as new 

settlements, protected areas, intensive agriculture, and animal husbandry. 

In less developed countries, including Nigeria, land use planning processes are greatly inhibited 

by insufficient data availability (Schug et al., 2018; Aribigbola, 2013; Potts, 2012). This is also 

the case for Abuja, one of the fastest-growing cities in Sub-Saharan Africa (Patel, 2018). The 
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potential of Geographic Information Systems (GIS) and remote sensing (RS) tools to offer new 

insights into land use planning and urban development is yet to be fully tapped. While previous 

research efforts in less developed countries have successfully applied GIS and RS techniques 

and data to quantify land use/cover change, the literature is yet to explore how these approaches 

are directly related to land use planning. In Abuja, Nigeria, Mahmoud et al. (2016) report an 

increase in urban land cover to the detriment of bare land. They argue that the spatial pattern of 

urban expansion in Abuja is based on the master plan and exhibits sprawl towards surrounding 

satellite towns. (Owoeye and Ibitoye (2016) show urban expansion at the expense of vegetation 

in Akure, Nigeria. They suggested that the master plan of the city is in dire need of revision and 

a comprehensive regional land use plan should be prepared to address the problems of urban 

expansion but did not conduct a comparison between planned and actual land cover. Nkeki 

(2016) shows how urban expansion affected agricultural and forest land use/cover in Benin 

City, Nigeria, concluding that vital planning information for urban planners and public 

decision-making bodies can potentially be extracted from the findings. Akintunde et al. (2016) 

show that urban land increased, while non-urban land decreased in Jos, Nigeria. They argue 

that urban development did not conform to the recent master plan in Jos. While comparing 

urban growth in three African cities (Bamako, Cairo, and Nairobi), Hou et al. (2016) show an 

increase in urban expansion corresponding to a decrease in bare land, arguing that there is an 

unplanned urban expansion in rapidly growing African cities. Similar results have been found 

in cities outside Africa. For example, Barrera and Henríquez (2017) observed an increase in 

urban growth and a decrease in urban vegetation in three cities in Chile, suggesting that the 

vegetation can and should be preserved using urban planning and design. Liu et al. (2019) 

observed cropland losses due to urban expansion in the past four decades in China, although no 

reference to urban land use planning rendered it impossible to quantify how much of the 

development was haphazard.  

In Sub-Saharan Africa, no previous study has assessed land cover change to analyze the 

mismatches between urban expansion trends and land use plans. By quantifying the differences 

between proposed land uses and the actual development, this study seeks to address this gap, 

supporting more sustainable urban planning and development in the Abuja city-region. 

We integrate GIS and open access RS data to examine spatial trends of urban land cover change 

in Abuja, Nigeria between 1987 and 2017; in doing so, this study provides baseline information 

in support for informed land use planning. Specifically, we sought to: 

1. visualize and quantify the spatial pattern of land cover types for 1987, 2002, and 2017; 
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2.  quantify the land cover transitions between urban/built-up and vegetation, bare land, 

and water; 

3. compute the net change of land cover types between 1987, 2002, and 2017, and; 

4.  quantify the mismatches between urban/built-up and the urban and regional land use 

plans to offer new insights into the past and current urban dynamics. 

This paper thereby provides objective information to inform a critical debate on the role and 

effectiveness of land use planning for environmental sustainability and sustainable urban 

development in less developed countries. As such, our paper contributes to current research on 

urban land cover change, particularly urban expansion and its environmental problems that 

could be useful to support land use planning in Sub-Saharan Africa and other less developed 

countries across the globe. 

2 Materials and Methods 

2.1 Study area 

This study focuses on Abuja, one of the fastest-growing cities in Sub-Saharan Africa 

(Abubakar, 2014). As shown in Fig. 2.1, the study area is a part of the Nigerian Federal Capital 

Territory (FCT) and comprises the Federal Capital City (FCC) and other surrounding 

settlements. The total area of the study area is approximately 1994 km2. It covers the major 

parts of two local government areas of FCT, which include Abuja Municipal and Bwari Local 

Government Areas. It extends into Gwagwalada and Kuje Local Government Areas of FCT in 

the southern part of the city-region. 
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Figure 2.1: Map of the Abuja city-region 

Abuja was declared the new capital city of Nigeria in 1976 due to overpopulation, shortage of 

land for urban expansion, distortion of the master plan, and traffic congestion, in the formal 

capital Lagos (FMITI, 2015; Sufiyan et al., 2015; Abubakar, 2014; Ade and Afolabi, 2013). By 

contrast, Abuja featured the availability of space for urban development, a central location to 

provide almost equal access to the different ethnic groups across Nigeria, and an ethnically 

neutral territory (COHRE and SERAC, 2008). The FCT Abuja was carved out from four states 

(Abubakar, 2014). The seat of government was officially relocated to FCT Abuja in 1991 (Idoko 

and Bisong, 2010) and since then the region has witnessed a high rate of urban growth (Omole, 

2009). The population of FCT Abuja was 1,406.239 million in 2006 (City Population, 2017; 

DEPRS, 2015). Based on the 2006 population, we estimate the population of FCT Abuja to be 

3,770,376 million in 2017. This population explosion and the accompanying sprawl have led 

to pressure on the surrounding natural resources causing loss of other land uses in the region 

(Ujoh et al., 2010). 

In 1979, the Abuja master plan was prepared to comprise regional and urban land use plans 

(Abubakar, 2014). The regional land use plan covers the FCT Abuja, while that of the urban 

land use plan was limited to the city, Abuja, and was divided into four phases (Jibril, 2015). 

The four development phases included 5, 15, 19, and 29 districts, respectively (Abubakar, 
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2014). Phase 1 included the central district (planned for the governmental seat of power and the 

Central Business District), and four other residential districts (Aliyu, 2016). Additional urban 

land use plans for the satellite settlements were separately designed (Aliyu, 2016). However, 

through field surveys, we observed that the urban land use plans for the satellite settlements 

have not been implemented in most areas. These areas are currently characterized by informal 

settlements (Fig. 2.2). The purpose of the Abuja land use plans included the designation of areas 

for urban land uses, the preservation of the natural environment, improved accessibility of all 

areas (Jelili et al., 2008), coordination of land use (COHRE and SERAC, 2008).  

In Abuja city, urban land uses expanded from a few development districts to create some urban 

extensions (Ujoh et al., 2010). Vegetation, which is another important land cover in the city-

region, is similar to that of other parts of FCT Abuja. The vegetation is categorized under the 

West African ecoregion of Guinean Forest-Savannah mosaic (Usman, 2014). Due to the 

location of the Abuja city-region in the northern part of FCT Abuja, the area is dominated by 

the savannah vegetation, which is characterized by deciduous trees that are scattered among 

grasses (Edicha and Mgbanyi, 2013). 

 

Figure 2.2: Urban expansion by informal settlements (a) Old Karu and (b) Bassa 

2.2 Data Collection 

We collected remotely sensed data that were captured in 1987 from Landsat 4 satellite 

(Thematic Mapper), 2002 from Landsat 7 satellite (Enhanced Thematic Mapper plus), and 2017 

from Landsat 8 satellite (Operational Land Image). The spatial resolution for all the satellite 

images is 30 m (Table 2.1). The data were obtained from the United States Geological Survey 

(USGS) Earth Explorer service, an online, openly-accessible platform for acquiring remotely 

sensed imagery (USGS, 2017). 

 

a b 
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Table 2.1: Summary of remotely sensed data description 

Landsat Series Sensor Spatial Resolution No: of Bands Date of Acquisition Sources 

Landsat 4 TM 30 m 7 21/12/1987 USGS 

Landsat 7 ETM+ 30 m 9 30/12/2002 USGS 

Landsat 8 OLI 30 m 11 14/02/2017 USGS 

Additionally, we used satellite imagery accessed via Google Earth in 2017, the regional land 

use plan of FCT Abuja (AGIS, 2007), and the 2011 FCC Abuja revised land use plan phases 1, 

2, and 3 (Fola Consult Ltd, 2011). The regional land use plan was collected from the Abuja 

Geographic Information System (AGIS), while the urban land use plan was collected from the 

Department of Urban and Regional Planning (DURP) in Abuja. A field trip was conducted from 

19 February to 27 March 2018, during which urban and regional land use plans were collected, 

and informal interviews and discussions were held regarding the urban and regional planning 

processes, de facto urban development, and environmental challenges. 

2.3 Data Analysis 

We performed spatial analyses using ArcGIS (version 10.4.1) and TerrSet (version 18.3), 

including land cover classification, accuracy assessments, transition mapping, change 

detection, and cartographic GIS overlays. We applied a supervised classification method to 

derive land cover types. Supervised classification is a process whereby samples of pixels from 

a satellite image are carefully selected in locations, where each pixel’s true land cover type is 

known (e.g., following field observation). The spectral signatures of these known pixels are 

then analyzed to estimate and assign information classes to unknown pixels (Campbell and 

Wynne, 2011). This method enables the analyst to have control over the assignment of different 

pixel classes based on known information about the study area (Campbell and Wynne, 2011). 

The supervised classification algorithm used in this study is the maximum likelihood classifier, 

which relies on the probability that different pixels belong to different classes (Lu et al., 2011) 

and assign pixels to the class with the highest probability (Tso and Mather, 2009). The 

maximum likelihood algorithm was used as it has been demonstrated in the literature to produce 

high-accuracy results for land cover classification (Ganasri and Dwarakish, 2015). The land 

cover classes were categorized into the most frequently occurring classes in the satellite 

imagery: urban/built-up, vegetation, bare land, and water (Table 2.2). 
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Table 2.2: Categories of land cover classes 

Land Cover Classes Description of Land Cover 

Urban/built-up Elements of urban/rural settlements such as buildings, roads, etc. 

Vegetation 
Forest vegetation: Tall trees that form canopy as healthy vegetation. 

Savannah vegetation: Isolated short trees mixed with grasses. 

Bare land All other surfaces such as open space with bare soil, rocks. 

Water Lakes and other water bodies. 

We performed accuracy assessments of the land cover classification using GIS and Google 

Earth. We sampled referenced points using a stratified random sampling approach method, 

which is a probability sampling applicable to assess class-specific accuracy (Olofsson et al., 

2014) and which allows for selecting the number of points relatively proportional to the sizes 

of each land cover class. This is to ensure that each land cover class is properly represented by 

referenced points to reduce bias in the accuracy assessments. We used a total of 500 points for 

validation on Google Earth satellite images for 1987, 2002, and 2017. We randomly selected 

200, 150, 100, and 50 points from land cover types for vegetation, bare land, urban/built-up, 

and water, respectively. We calculated the user (errors of commission) and producer (errors of 

omission) accuracies for each land cover class for 1987, 2002, and 2017, as well as overall 

accuracy and Kappa coefficients. The formulae for accuracy assessments are expressed as: 

𝐔𝐀 =
𝐂𝐑

𝐓𝐑
 

where UA is user accuracy, CR is the number of correctly classified pixels in each row category. 

TR is the total number of classified pixels in the same row category. 

𝐏𝐀 =
𝐂𝐂

𝐓𝐂
 

where PA is the producer accuracy, CC is the number of correctly classified pixels in each 

column category. TC is the total number of classified pixels in the same column category. 

𝐎𝐀 =
𝐂𝐃

𝐓𝐏
 

where OA is the overall accuracy, CD is the number of correctly classified pixels in diagonal. 

TP is the total number of referenced points. 

𝐊𝐂 =
(𝐓𝐏 ∗ 𝐂𝐃) −  ∑(𝐓𝐂 ∗ 𝐓𝐑)

𝐓𝐏𝟐 −  ∑(𝐓𝐂 ∗ 𝐓𝐑)
 

where KC is the kappa coefficient. 
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After the accuracy assessments, we quantified the land cover transition through tabulation and 

transition mapping in GIS (Yang, 2010). The essence of the transition mapping was to calculate 

the transition change between urban/built-up areas and other land cover types. We computed 

the net change detection between 1987, 2002, and 2017 using the differential method of post-

classification comparison of specific land cover types (Elagouz et al., 2019). We performed the 

analysis by simple arithmetic of subtracting the calculated area and the percentage of formal 

land cover classes from the latter. 

To offer new insights into the past and current urban dynamics, we analyzed the mismatches 

between urban/built-up and the urban and regional land use plans by geo-referencing, geo-

processing, and digitizing the official plans. We digitized the locations of dense informal 

settlements from Google Earth and reclassified and extracted urban/built-up from land cover 

maps for 1987, 2002, and 2017. We performed an overlay analysis of the variables to visualize 

the urban expansion trends on the regional land use plan and urban planned area. Finally, we 

quantified the non-urban development areas including land uses designated for nature 

conservation, intensive agriculture, and animal husbandry lost to urban/built-up in 1987, 2002, 

and 2017 and calculated their annual change (degraded) rate (ACR). The formula we applied 

to calculate the non-urban development areas lost to urban/built-up is expressed as: 

ANL = TLC – LCD 

where ANL is the area of non-urban lost to urban/built-up, TLC is the total urban/built-up land 

cover of the City-Region, and LCD is the total urban/built-up land cover in the area designated 

for urban development. The formula we applied to calculate the percentage of the area of non-

urban lost to urban/built-up is expressed as: 

𝐀𝐍𝐋

𝐀𝐍𝐃
∗

𝟏𝟎𝟎

𝟏
  

where AND is the total area for non-urban development. The formula we applied to calculate 

the ACR is expressed as: 

𝐀𝐂𝐑 =
𝐋𝐀2 − 𝐋𝐀1

𝐓
 

where LA2 is the latter area of non-urban lost to urban/built-up, LA1 is the initial area of non-

urban lost to urban/built-up, and T is the time interval between LA1 and LA2 observations. Fig. 

2.3 shows the schematic diagram of the materials and methods used in this study. 
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Figure 2.3: Methods for land cover change detection 

3 Results 

We visualized and quantified the spatial pattern of land cover types for 1987, 2002, and 2017 

by performing the supervised classification of land cover. Our results (Fig. 2.4 and Table 2.3) 

show that in 1987 the urban/built-up areas were mostly distributed in the eastern part of the 

city-region. The urban/built-up class covered 1.8% of the total area, vegetation-covered 73.0%, 

bare land covered 24.7%, and water covered 0.5%. In 2002 (Fig. 2.4 and Table 2.3), the pattern 

of distribution indicates that the urban/built-up areas were mostly concentrated in the eastern 

part of the area, covering 10.0% in the Abuja city-region. Vegetation covered 63.3%, bare land 

covered 26.2%, while water covered 0.5%. In 2017, the results (Fig. 2.4 and Table 2.3) show 

that urban/built-up cover is expanding from east to south and south-west, and covered 19.3%. 

Vegetation covered 50.8%, while bare land and water covered 29.5% and 0.4%, respectively. 
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Table 2.3: Calculated area of the land cover of Abuja in 1987, 2002, and 2017 

Land Cover 

Classes 

1987 2002 2017 

Area km2 (% of Study 

Area) 

Area km2 (% of Study 

Area) 

Area km2 (% of Study 

Area) 

Urban/built-up 36.8 (1.8%) 198.8 (10.0%) 385.4 (19.3%) 

Vegetation 1455.6 (73.0%) 1262.5 (63.3%) 1011.9 (50.8%) 

Bare land 491.9 (24.7%) 522.1 (26.2%) 588.6 (29.5%) 

Water 9.3 (0.5%) 9.6 (0.5%) 7.7 (0.4%) 

Total 1993.6 (100.0%) 1993.0 (100.0%) 1993.6 (100.0%) 

 

Figure 2.4: Land cover of Abuja city-region in 1987, 2002, and 2017 

We calculated the user accuracy (UA), producer accuracy (PA), overall accuracy (OA), and 

Kappa coefficients (KC) of land cover classification for 1987, 2002, and 2017 (Table 2.4). The 

OA and KC show that the accuracy assessments of land cover classifications for 1987, 2002, 

and 2017 are high. 

Table 2.4: Accuracy assessments of land cover classification for 1987, 2002, and 2017 

Land Cover Classes 
1987 2002  2017  

UA PA OA KC  UA PA OA KC UA PA OA KC 

Urban/built-up 91% 94.8% 

94% 0.91 

 88%  87.8% 

92.6% 0.89 

96% 85.3% 

94% 0.91 
Vegetation 97.5% 97.5%  94.5% 95.9% 95% 98.4% 

Bare land 93.3% 88.6%  94.7% 89.3% 94.7% 94% 

Water 88% 95.6%  88% 95.7% 84% 97.7% 

We quantified the land cover transitions between urban/built-up and vegetation, bare land, and 

water through transition mapping. The result (Fig. 2.5) shows that from 1987 to 2002, an area 
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of 113 km2 of vegetation transitioned into the urban/built-up area. 60.5 km2 transitioned from 

bare land to urban/built-up, and water did not change. However, some urban/built-up land cover 

also transitioned into vegetation and bare land by 4.7 km2 and 4.5 km2, respectively. 

Urban/built-up did not change into water, as expected. Vegetation features the largest land 

cover transition into urban/built-up areas from 1987 to 2002, followed by bare land. From 2002 

to 2017, the result (Fig. 2.6) shows that an area of 117.3 km2 of vegetation transitioned into the 

urban/built-up area. 117.2 km2 and 1.0 km2 transitioned respectively, from bare land and water 

into the urban/built-up area. However, urban/built-up also transitioned into vegetation and bare 

land by 38.6 km2 and 13.7 km2, respectively. Vegetation and bare land have almost equal land 

cover transitions into the urban/built-up area from 2002 to 2017. 

 

Figure 2.5: Abuja land cover transition from 1987 to 2002, with the transitioned land area 

shown in parentheses in km2 
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Figure 2.6: Abuja land cover transition from 2002 to 2017, with the transitioned land area 

shown in parentheses in km2. 

We computed the net land cover change from 1987 to 2002 and from 2002 to 2017 (Fig. 2.7). 

Our result showed that from 1987 to 2002, urban/built-up increased by 162 km2 (8.2%), while 

bare land increased by 30.2 km2 (1.5%). There was no increase or decrease in water. The only 

land cover that decreased was vegetation, with the highest observed change at 193.1 km2 

(9.7%). Second to the highest land cover class is urban/built-up, which from 2002 to 2017 

increased by 186.6 km2 (9.3%), while bare land increased by 66.1 km2 (3.3%). Vegetation 

decreased by 250.6 km2 (12.5%) and water decreased by 1.9 km2 (0.1%). The highest land cover 

class that is changing is vegetation followed by urban/built-up. 

 

Figure 2.7: Percentage change detection of Abuja land cover from (a) 1987 to 2002 and (b) 

2002 to 2017 

We analyzed mismatches between urban/built-up, the land use plans, and the distribution of 

dense informal settlements (Figs. 2.8 and 2.9). The regional land use plan indicated that the 
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areas designated for urban development are primarily within Abuja city, with urban extensions 

in the peri-urban/satellite settlements. In the southern part of the city-region, the area designated 

for urban development for Abuja city extends beyond the boundary of the city-region. 

 

Figure 2.8: The regional land use plan of the Abuja city-region. 
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Figure 2.9: The regional land use plan, with urban expansion trends, overlaid for visual 

comparison 

Past and current urban developments are mostly concentrated in Abuja city, with more space 

for urban development found in the southern part of the city. However, urban land uses are also 

expanding into areas designated for non-urban development (Fig. 2.10). Our results in Table 

2.5 indicate that the total area of non-urban development in the city-region is approximately 

555.25 km2. Urban/built-up gradually expanded into the non-urban development areas, which 

lost 11.65 km2 (0.8%), 73.58 km2 (5.1%), and 179.57 km2 (13.7%) to urban/built-up in 1987, 

2002, and 2017, respectively (Table 2.5 and Fig. 2.11). From 1987 to 2002 and from 2002 to 

2017, the ACR of non-urban development areas was 4.13 km2 and 7.07 km2 per year, which 

converted to urban/built-up land uses, respectively. 
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Figure 2.10: The regional land use for urban development and urban expansion into other land 

uses 

Table 2.5: Calculated area planned for urban development and urban/built-up in other land 

uses 

Years 
Regional Planned Area for Urban 

Development in km2 

Urban/Built-up 

Area in km2  

Urban/Built-up in Non-urban 

Development Area in km2 

1987 555.25 36.8 11.65 

2002 555.25 198.8 73.58 

2017 555.25 385.4 179.57 

 

Figure 2.11: Percentage of the non-urban land area lost to urban/built-up and urban expansion 

trends 
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Our results in Figs. 2.12 and 2.13 show that the past and current urban expansion encroached 

into the proposed land use for intensive agriculture, animal husbandry, and protected areas. The 

protected area lost to urban/built-up in 1987, 2002, and 2017 are 0.92 km2, 6.84 km2, and 16.65 

km2, respectively. In 1987, 2002, and 2017, the proposed land use for intensive agriculture lost 

3.73 km2, 18.98 km2, and 34.91 km2, respectively, while that of animal husbandry lost 0.16 

km2, 1.16 km2, and 3.59 km2 to urban/built-up. From 1987 to 2002 and from 2002 to 2017, the 

ACR of the protected areas lost to urban/built-up is 0.39 km2 and 0.65 km2 per year. The ACR 

of the proposed land use for intensive agriculture lost to urban/built-up is 1.02 km2 from 1987 

to 2002 and 1.06 km2 from 2002 to 2017 per year, while that of animal husbandry is 0.07 km2 

and 0.16 km2 from 1987 to 2002 and from 2002 to 2017. 

 

Figure 2.12: The encroachment of urban expansion into various proposed land uses in km2 
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Figure 2.13: Percentage of proposed land uses lost to urban/built-up and urban expansion 

trends 

4 Discussion 

This study provides the first instance of a comprehensive analysis of urban land cover change 

in relation to land use planning in the Abuja city-region. We integrated GIS and freely available 

RS data to examine the spatial trends of urban and other land cover changes in Abuja, from 

1987 to 2017 and were, therefore, able to provide baseline information that can be used to 

support land use planning. 

Our results highlight large mismatches between the regional land use plan and the observed 

urban land cover, indicating an uncontrolled and rapid urban expansion. This result indicates 

gaps between planned land use developments and actual urban expansion, similar to those 

observed by Shen et al. (2019) for urban expansion in China, who underscored that urban 

expansion occurred often in an uncontrolled manner and in conflict to proposed and existing 

land use plans, impeding efforts for a more sustainable urban expansion. Our study showed that 

the area designated for urban development was larger than the total area of the past and current 

urban land cover (Fig. 2.10 and Table 2.5). The urban expansion might have been more 

sustainable if it were steered towards the areas proposed for urban development. Fig. 2.8 

showed that the regional land use plan proposed Lugbe as one of the areas for productive 

forestry and forest reserve. However, as indicated in Fig. 2.12, urban expansion did not stop at 

the proposed borders of urban development areas. Between 2002 and 2017, urban areas 

expanded continuously into Lugbe. In the city-region, various land uses designated for nature 

conservation, intensive agriculture, animal husbandry that were lost to urban/built-up have 

increased in recent decades (Figs. 2.12 and 2.13). Built-up land coverage in 1987 was relatively 



33 

 

low at 1.8% (Table 2.3) when the region primarily comprised of a few, isolated settlements. A 

large expansion of urban/built-up areas could be identified until 2002 (10%), which increased 

to 19.3% in 2017 (Fig. 2.4 and Table 2.3). The transition mapping results indicated rapid urban 

expansion at the expense of vegetation cover. This result differs from those of Mahmoud et al. 

(2016), who reported rapid urban expansion at the expense of bare land in Abuja. However, the 

results coincide with several previous studies such as Akpu et al. (2017), Owoeye and Ibitoye 

(2016), and Fanan et al. (2011) who observed urban expansion at the expense of vegetation 

cover in their various study areas. The reduction of vegetation covers as indicated by our results 

also corresponds with similar studies, such as Mahmoud et al. (2016), Owoeye and Ibitoye 

(2016), Barrera and Henríquez (2017), and Hassan (2017), all of which highlight a large loss of 

vegetated area due to urban expansion in developing regions. Parallel to the expansion of urban 

areas, we also observed an increase in bare lands, adding to an even more rapid reduction of 

vegetation within the region. Despite the high degree to which bare land was converted into 

urban/built-up between 2002 and 2017 (Fig. 2.6), our result showed an increase of bare land 

(Table 2.3), similar to Fanan et al. (2011). This result contradicts that of Mahmoud et al. (2016), 

who reported a decrease in bare land in Abuja. In other African cities, decreases in bare land 

during periods of urban expansion have been observed by Hou et al. (2016). Our observed 

increase in bare land may be due to rapid increases in food and wood demands, in turn driving 

agricultural expansion and deforestation. Further field observation and interviews with locals 

will enable us to explore this question directly in subsequent research.  

In less-developed countries, informal settlements are primarily home to low-income earners 

and are characterized by deteriorating housing (Gottdiener et al., 2016). In Sub-Saharan Africa, 

such neighborhoods comprise the majority of urban growth (Lall et al., 2017; Zubair et al., 

2015; Freire et al., 2014) and are mostly found around the peri-urban space (Trefon, 2009) and 

satellite towns (Abubakar, 2014). We observed similar spatial trends of urban expansion with 

the locations of dense informal settlements. As reported by Trefon (2009) and Goodfellow 

(2013), urban growth in the peri-urban areas of Sub-Saharan African cities is often haphazard 

and chaotic. Such urban growth is characterized by rapid population growth, pressure on urban 

land tenure systems (Barry and Danso, 2014), insufficient infrastructure, and severe 

environmental degradation (Trefon, 2009). We observed similar urban development in peri-

urban/satellite settlements of the Abuja city-region (Fig. 2.2a and b). 

An important implication of these findings addresses urban expansion beyond the scope of 

urban land use plans, underscoring the necessity to address informal settlements and their 
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effects on the implementation of land use plans in Abuja. The Abuja urban planning efforts are 

not administratively allowed to address proposed urban/built-up by the regional land use plan 

(Fig. 2.10) and at the satellite settlements, the urban plans have not been implemented in most 

areas. This lack of urban planning may be a key contributing factor to the development of 

informal settlements, particularly in peri-urban/satellite settlements (Fig. 2.9), and is a serious 

challenge for sustainable urban development. Furthermore, the expansion of urban land use into 

protected areas has led to deforestation, habitat loss, and has increased the risk of biodiversity 

loss. The loss of land designated for intensive agriculture is also certain to have direct negative 

impacts on local food availability and soil health, both of which are vital elements of urban and 

environmental sustainability.  

However, this paper demonstrates that some existing and potential problems associated with 

land cover change and urban development can be identified using GIS and freely available RS 

data. Of particular importance at this stage are the mismatches between urban expansion trends 

and various land uses designated for non-urban development by the regional land use plan. As 

such, our study contributes to the current literature on urban expansion in relation to land use 

planning in less-developed countries. Additionally, the urban expansion at the expense of 

vegetation is associated with local urban planning efforts and lack of implementation in peri-

urban/surrounding settlements. Moving forward, such spatial information is necessary to 

inform decision-makers in land use planning, particularly by enabling decision-makers to make 

direct comparisons between actual urban and regional land use plans with other alternative 

plans, before their attempted implementation. 

This study was limited by the unavailability of high-resolution spatial data. We used RS data 

with 30 m spatial resolution because they are freely available for multiple points in time. Using 

such data makes it challenging to differentiate some sub-categories of urban land use such as 

residential, industrial, and mixed land uses, as well as identifying dense informal settlements 

without the need for direct field observation. However, the availability of free and long-term 

data allows for possible monitoring of land cover processes and a transfer to other areas with 

limited financial resources and personnel. The unavailability of Phase 4 of the urban land use 

plan (currently under revision) prevented us from incorporating this phase into our study. The 

land cover maps and change trajectories presented within this manuscript might be one helpful 

additional source of information for the revision of the plans, once they are made available. 

As a result of our analysis, we put forth the following recommendations. Urban planning and 

its implementation should not be limited to Abuja city but rather expanded to include peri-urban 
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and other surrounding settlements in the city-region. This would help urban land use planning 

efforts to encompass regional land use, which is intricately tied to potentially sustainable urban 

development. The administrative challenges preventing the successful implementation of land 

use plans should be monitored in more detail and directly addressed. Spatial information about 

land cover change and urban expansion can and should be produced at a low-cost using GIS 

and freely available RS data to support land use planning. By disseminating such spatial 

information, important steps towards strategic actions (such as land use policies and 

enforcement) can be taken. Finally, there is a pressing need for further research addressing the 

disconnect between spatial data, land use planning, and the implementation of land use plans 

in developing countries. 

5 Conclusions 

We applied GIS and RS data to analyze past and current land cover changes in relation to land 

use planning. Our results indicated an increase in urban/built-up and bare land cover types, 

corresponding to a decrease in vegetation cover from 1987 to 2017. The largest observed 

transition featured urban growth in place of vegetation. The highest observed net changes in 

land cover types were vegetation, followed by urban/built-up, and bare land. A comparison of 

actual land cover changes against the city and regional plans indicated large mismatches. 

Perhaps most alarming is the recent loss of land designated for protected areas, intensive 

agriculture, and animal husbandry, now replaced with unplanned and haphazard urban 

development. This is most evident in the peri-urban/satellite settlements, where the loss of 

natural ecosystems and agricultural resources is certain to pose future challenges to 

environmental sustainability and sustainable urban development in the city-region. 

Overall, this study provides evidence that integrating GIS and open access RS data constitutes 

a useful approach for the provision of baseline spatial information. Such spatial information is 

crucial for informed land use planning to improve environmental sustainability and sustainable 

urban development in city-regions found in both Sub-Saharan Africa and less-developed 

countries worldwide. 
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Chapter 3  

Simulating urban land expansion in the context of land use planning in the 

Abuja city-region, Nigeria 
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Abstract 

In the Global South, including the Sub-Saharan African city-regions, the possible future urban 

expansion patterns may pose a challenge towards improving environmental sustainability. Land 

use planning strategies and instruments for regulating urban expansion are faced with 

challenges, including insufficient data availability to offer insights into the possible future urban 

expansion. This study integrated empirical data derived from Geographic Information Systems, 

Remote Sensing, and surveys of experts to offer insights into the possible future urban 

expansion under spatial planning scenarios to support land use planning and environmental 

sustainability of city-regions. We analyzed the spatial determinants of urban expansion, 

calibrated the land cover model using the Multi-Layer Perceptron Neural Network and Markov, 

and developed three scenarios to simulate land cover from 2017 to 2030 and to 2050. The 

scenarios included Business As Usual that extrapolates past trends; Regional Land Use Plan 

that restricts urban expansion to the land designated for urban development, and; Adjusted 

Urban Land that incorporates the leapfrogged settlements into the land designated for urban 

development. Additionally, we quantified the potential degradation of environmentally 

sensitive areas by future urban expansion under the three scenarios. Results indicated a high, 

little, and no potential degradation of environmentally sensitive areas by the future urban 

expansion under the Business As Usual, Adjusted Urban Land, and Regional Land Use Plan 

scenarios respectively. The methods and the baseline information provided, especially from the 

Adjusted Urban Land scenario showed the possibility of balancing the need for urban expansion 

and the protection of environmentally sensitive areas. This would be useful to improve the 

environmental sustainability of the Sub-Saharan African city-regions and across the Global 

South, where insufficient data availability challenges land use planning. 

Keywords: Environmental sustainability; Scenarios; Urban expansion; Urban planning; 

Regional planning; Sub-Saharan Africa 
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1 Introduction 

The possible future urban expansion may pose significant negative impacts on environmentally 

sensitive areas (Mohamed and Worku, 2020; Gao et al., 2020), considering the past/current 

unregulated urban expansion patterns in the Global South (Aldana-Domínguez et al., 2019; 

Agyemang et al., 2019; Agyemang and Silva, 2019; Li et al., 2018; Barrera and Henríquez, 

2017). This may pose a challenge towards improving environmental sustainability in Sub-

Saharan Africa where this expansion is often happening at rapid rates (Enoguanbhor et al., 

2019; Agyemang et al., 2019; Agyemang and Silva, 2019; Kukkonen et al., 2018). Also, the 

challenge may hinder achieving the United Nations' sustainable development goal of “making 

cities and human settlements inclusive, safe, resilient, and sustainable” (United Nations, 2019, 

p. 44). 

To regulate urban expansion patterns, including the haphazard and leapfrogging, where vacant 

lands are skipped to develop farther lands from the city center (Agyemang and Silva, 2019; 

Chen et al., 2017), land use planning is often suggested (Wang et al., 2014). Land use planning 

can be understood as a deliberate process of defining land for different uses to balance social, 

economic, and environmental objectives (Phillips and João, 2017). In Abuja, land use planning 

has not been able to regulate the leapfrogged/haphazard urban expansion patterns for the past 

three decades, despite the existence of urban and regional plans (Enoguanbhor et al., 2019). At 

the same time, Abuja could be a role model because it is a new settlement and the future 

certainly means change and expansion that can be regulated using land use planning strategies 

at urban and regional scales. Also, it is the only city developed from scratch using land use 

planning strategies (Adama, 2020). However, land use planning as a strategic action is being 

challenged with insufficient data availability in the Global South (Schug et al., 2018; Potts, 

2012). Therefore, a need to integrate empirical data from different sources to predict the 

possible future urban expansion patterns exists. This can be achieved by integrating the 

Geographic Information Systems (GIS - which is an organized assemblage of interrelated 

components that interacts with one another to generate facts from raw data related to the 

location and distribution of objects in space) with Remote Sensing (RS) and surveys. 

In Abuja, Nigeria, previous research (e.g., Enoguanbhor et al., 2019; Mashi and Shuaibu, 2018; 

Usman, 2013; Ejaro and Abubakar, 2013; Ade and Afolabi, 2013; Fanan et al., 2011; Idoko and 

Bisong, 2010: Ujoh et al., 2010) have successfully analyzed past urban expansion but without 

developing scenarios of possible future urban expansion and with little or no implications for 

future environmentally sensitive areas designated by land use plans. In one of the few studies 
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about future urban development in Abuja, Nigeria, Mahmoud et al. (2016) show that the 

possible future urban dynamics in Abuja, Nigeria may grow significantly to the detriment of 

vegetation cover, but the authors did not develop spatial planning scenarios for the prediction. 

Chima (2012) simulates Abuja's urban expansion from 2006 to 2020 and shows the rapid loss 

of non-urban land to urban development, but the author did not consider developing alternative 

scenarios to protect environmentally sensitive areas from future urban expansion. In other parts 

of Nigeria, Tope-Ajayi et al. (2016); Agbor et al. (2012) predict that urban/built-up areas may 

continue to expand into non-urban development areas in the Eleyele wetland area, and Ibadan 

metropolis respectively, however without considering spatial planning scenarios to analyze the 

protection of environmentally sensitive areas. In other parts of Sub-Saharan Africa, Mohamed 

and Worku (2020); Agyemang and Silva (2019); Kukkonen et al. (2018) simulate the future 

urban expansion of Addis Ababa, Ethiopia, Accra, Ghana, and Zanzibar, Tanzania respectively. 

However, the authors did not incorporate the leapfrogged settlements and land use designated 

for urban development by regional plans to restrict future urban expansion. This would make it 

difficult or impossible for land use planning strategies to regulate the leapfrogging urban 

expansion patterns from land use designated for non-urban development. Similar urban land 

predictions were made outside Sub-Saharan Africa. For example, Nor et al. (2017) predict the 

future urban expansion of three cities, Kuala Lumpur, Malaysia; Jakarta, Indonesia, and Metro 

Manila, Philippines. The study shows that urban expansion may lead to a drastic reduction of 

green spaces in the cities but the study did not consider spatial planning to analyze the protection 

of environmentally sensitive areas. Gao et al. (2020) simulate the future urban expansion of 

Wenzhou, China, and report that in all scenarios, urban expansion caused significant losses in 

ecologically valuable lands. These existing findings/studies raise an important question: can the 

environmentally sensitive areas designated by land use plans be protected from the possible 

future urban dynamics, considering the need and high rate of urban expansion patterns in city-

regions? 

Therefore, the goal of this study is to investigate the possibility of balancing the need for urban 

expansion and the protection of environmentally sensitive areas designated by land use plans. 

The study aims to integrate empirical data derived from GIS, RS, and surveys of experts to offer 

insights into the possible future urban expansion under spatial planning scenarios to support 

land use planning and environmental sustainability of city-regions. The objectives of the current 

study are to: 
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1. identify the spatial determinants of urban expansion to select the driver variables for 

future urban expansion; 

2. use expert interviews to guide the development of scenarios of likely urban expansion 

for different spatial planning alternatives to simulate land cover from 2017 to 2030 and 

to 2050; 

3. contrast experts’ opinions on the potential future demands for urban land expansion 

under different scenario implementation, and; 

4. quantify the potential degradation of environmentally sensitive areas by the possible 

future urban expansion. 

By contrasting different scenarios of future urban expansion to quantify the associated potential 

degradation of environmentally sensitive areas, this paper provides new insights for sustainable 

land use planning and urban development. This study, therefore, contributes to land use 

planning as a strategic instrument to regulate the leapfrogging/haphazard urban expansion and 

improve environmental sustainability, particularly in the Global South. 

1.1 Literature review 

In the last few decades, urban expansion has drawn attention within the research and 

professional communities to manage the expanding cities with the consideration of the cultural, 

social, economic, and environmental developments for current and future generations 

(Enoguanbhor et al., 2019; Agyemang and Silva, 2019; Tope-Ajayi et al., 2016). Expanding 

cities are culturally, socially, economically, and environmentally networked with surrounding, 

as well as distant urban and rural settlements that define city-regions (Davoudi, 2009; Seto et 

al., 2012). In this context, the extent and boundaries of a city-region are difficult to define (Seto 

et al., 2012) but generally, a city-region comprises one or more cities that are closely 

interlinked, together with other surrounding settlements with significant spatial interactions 

(Harding et al., 2006). 

Previous urban studies (e.g., Mohamed and Worku, 2020; Gao et al. 2020; Agyemang and Silva, 

2019; Agyemang et al., 2019; Enoguanbhor et al., 2019; Nor et al., 2017; Ade and Afolabi, 

2013) analyzed the past, current, and/or future spatial patterns, and the environmental and/or 

land use planning implications in city-regions. Urban expansion in city-regions, especially in 

Sub-Saharan Africa, takes the shape of haphazard and urban leapfrogged patterns (Agyemang 

and Silva, 2019; Agyemang et al., 2019). For example, in the Abuja city-region, Nigeria 

(particularly in some peri-urban/satellite settlements, e.g., Lugbe town), the haphazard urban 



42 

 

expansion emerged through the process of urban leapfrogging (Enoguanbhor et al., 2019). Also, 

leapfrogged urban expansion patterns in the Accra city-region, Ghana was reported by 

Agyemang and Silva (2019). Such urban expansion patterns are associated with spatial 

determinants, which are factors contributing to the explanation of the location of land or 

environmental dynamics (Meyfroidt, 2016). 

The environmental dynamics of urban expansion can be reflected through the removal of 

vegetation (e.g., in environmentally sensitive areas) for urban development (Enoguanbhor et 

al., 2019; Tope-Ajayi et al., 2016; Ade and Afolabi, 2013). The removal of vegetation poses a 

significant threat to biodiversity, causing species habitat fragmentation and extinction (Tope-

Ajayi et al., 2016; Ade and Afolabi, 2013). While analyzing the environmental dynamics of 

future urban expansion under different scenario alternatives, Gao et al. (2020) claim that the 

future urban dynamics of Wenzhou, China may cause less encroachment into environmentally 

sensitive areas, without considering additional determinants of urban expansion. In other 

studies, (e.g., Mohamed and Worku, 2020), a similar scenario features a high degradation of 

environmentally sensitive areas by the possible future urban expansion when compared to 

alternative scenarios in the Addis Ababa city-region, Ethiopia. The environmental dynamics of 

urban expansion patterns in Sub-Saharan African city-regions have not been addressed 

effectively using land use planning strategies (Enoguanbhor et al., 2019; Mahmoud et al., 2016; 

Ade and Afolabi, 2013). 

2 Materials and methods 

2.1 Study area 

The current study focuses on the Abuja city-region of Nigeria (Fig. 3.1), considering the 

leapfrogged/haphazard urban expansion patterns, especially in peri-urban/satellite settlements 

in the past 3 decades (Enoguanbhor et al., 2019). The region was created as the Federal Capital 

Territory (FCT) of Nigeria in 1976 to develop a new capital city that is free from social and 

environmental problems associated with the formal capital, Lagos (FMITI, 2015; Sufiyan et al., 

2015; Abubakar, 2014; Ade and Afolabi, 2013; Ejaro and Abubakar, 2013). Land use planning 

strategies and instruments were explicitly developed and adopted to foster sustainable 

development before relocating the government seat from Lagos to Abuja in 1991 (Adama, 

2020; Idoko and Bisong, 2010). Among the purpose of the land use planning strategies is the 

preservation of the natural environment and coordination of land use (COHRE and SERAC, 

2008; Jelili et al., 2008). The original land use plans were designed based on 25 years of 
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development plans that made provisions for constant review to accommodate developments 

beyond the 25 years (Abubakar, 2014). However, our informal conversations with the experts 

indicate that a comprehensive review has not been carried out on the regional plan but the plan 

was reproduced in the year 2000. Despite adopting land use planning strategies at urban and 

regional scales to develop the new FCT, the leapfrogging/haphazard urban expansion patterns 

contribute to the challenges towards improving environmental sustainability in the city-region. 

The satellite settlements feature haphazard developments and the Abuja city features a well-

planned landscape that serves as the Central Business District (CBD) to other settlements in the 

city-region (Enoguanbhor et al., 2019). As a city-region, some satellite settlements have 

developed their CBDs, making the entire region features multiple CBDs. 

 

Figure 3.1: Map showing the location of the Abuja city-region in Nigeria 

The FCT Abuja is one of the fastest-growing city-regions in the Global South with a population 

growth rate of about 5.3% (Mashi and Shuaibu, 2018). The population of FCT Abuja was 

1,400,000 in 2006 (Adama, 2020) and was projected to 2,292,413 in 2015 (Mashi and Shuaibu, 

2018). Regarding the urban and regional economy, the FCT Abuja is one of the regions 

contributing the highest Gross Domestic Product (GDP) (about $5,612) to the Nigerian 

economy in 2015 (Bloch et al., 2015). 

2.2 Data collection 

We collected land cover maps of the Abuja city-region produced by Enoguanbhor et al. (2019). 

The land cover maps were produced from LANDSAT 7 and 8 satellite images captured in 2002, 

and 2017 respectively. Also, we collected a Digital Elevation Model (DEM) from the Shuttle 
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Radar Topography Mission (SRTM) (Jarvis et al., 2008), a satellite image of the Nigeriasat-2 

from the National Space and Research Development Agency (NASRDA) (NASRDA, 2012), 

and used Google Earth imagery (2018). Additionally, we collected a satellite image that was 

captured in 2019 by LANDSAT 8 from the United States Geological Survey (USGS) Earth 

Explorer service (USGS, 2019). Furthermore, we collected a regional land use plan from the 

Abuja Geographic Information System (AGIS) (AGIS, 2007). Table 3.1 summarizes the 

description of GIS and remotely sensed data. 

Table 3.1: Spatial data description 

 GIS and RS data Year 
Spatial 

resolution 
Sources 

1 Land cover map 2002 30 m Enoguanbhor et al. (2019) 

2 Land cover map 2017 30 m Enoguanbhor et al. (2019) 

3 Landsat 8 satellite image 2019 30 m USGS (2019) 

4 Nigeriasat-2 satellite image 2012 2.5 m NASRDA (2012) 

5 Google Earth 2017 - Google Earth (2018) 

6 Digital Elevation Model 2008 90 m SRTM (Jarvis et al., 2008) 

7 FCT Abuja regional land use plan 
Reproduced in 

2000 
- AGIS (AGIS, 2007) 

We designed a mixed questionnaire that includes open-ended and matrix questions to survey 

experts in urban and regional planning. The matrix questionnaire is a format that offers an 

efficient presentation of a set of closed-ended questions with the same response categories 

(Babbie, 2013; Secor, 2010). We administered questionnaires to experts using snowball non-

probability sampling (Babbie, 2013; Babbie, 2010; Blaxter et al., 2001). We distributed and 

retrieved a total of 25 questionnaires at the government departments/agencies, including the 

Department of Urban and Regional Planning, Abuja (10), the Department of Urban and 

Regional Development of the Federal Ministry of Housing, Abuja (7). Others include the 

Department of Development Control, Abuja (4), and the Nigerian Institute of Town Planners, 

Abuja (4). The work experience of the respondents ranges from 0-10 years (20%), 11-20 years 

(52%), 21-30 years (12%), and 31 years and above (16%). The respondent’s highest academic 

level completed constitutes Bachelor or equivalent (16%), Masters or equivalent (68%), and 

PhD or equivalent (16%). The survey was conducted from 4 July to 5 August 2019 by the first 

author. The language used was the English Language. 

2.3 Data analysis 

2.3.1 Analyses of spatial determinants and experts’ opinions 

We defined and evaluated multiple bivariate and multivariate logistic regression models using 

R programming version 3.5.3. We used several variables, describing the physical location, 
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distance to roads, higher institutions and other infrastructure, and environmentally protected 

areas, as explanatory variables that potentially determine the location of current and future 

urban expansion (Table 3.2). While generating parameters for the variables, we used ArcGIS 

10.6 version to perform the Euclidean distance modeling by measuring from sampled locations 

to the variables. To reduce or eliminate bias in the model, we checked the multi-collinearity 

problem by calculating the Variance Inflation Factor (VIF) of the independent variables to make 

sure the variables have independent effects on the dependent variable (Visser and Jones III, 

2010). We defined iteratively exclude variables with a VIF larger than 5. We calculated the 

odds ratios to determine the level of association between the independent and dependent 

variables. 

Table 3.2: Independent variables for spatial determinants, the expected associations, and 

description 

 
Independent 

variables 

Expected 

association 
Reasons Citations 

1 Elevation  Negative 
Urban expansion mostly occurs on low 

elevation levels. 

Li et al. (2018); Mahmoud et 

al. (2016); Zhang and Su 

(2016); Akintunde et al. 

(2016) 

2 
Degrees of 

slope 
Negative 

Urban expansion mostly occurs on flat 

topographies. 

Li et al. (2018); Zhang and 

Su (2016) 

3 
Distance to 

water bodies 
Positive 

At the regional scale, accessibility to 

water bodies attracts urban development. 
- 

4 
Distance to 

roads 
Positive 

Urban land tends to develop towards 

road networks. 

Simwanda and Murayama 

(2018); Chang et al. (2016) 

5 
Distance to 

CBDs 
Positive 

At the regional scale, the distribution of 

CBDs of various settlements contributes 

to urban expansion patterns due to spatial 

interactions between the settlements.  

- 

6 

Distance to 

higher 

institutions 

Positive 

From the urban morphological 

viewpoint, the locations of the 

institutions of higher learning attract 

urban development due to the influx of 

people and businesses.  

Larkham (2000) 

7 

Distance to 

shopping 

centers 

Positive 

Accessibility to markets attracts urban 

development, including residential and 

industrial projects. 

Linard et al. (2013) 

8 
Distance to 

planned areas 
Positive 

At the regional scale, land designated for 

urban planning attracts urban 

development and the spatial patterns of 

urban plans contribute to urban 

expansion patterns  

Chen et al. (2016); 

Nnaemeka-Okeke (2016); 

Shi et al. (2009) 

9 

Distance to 

protected 

areas 

Negative 

With the effective implementation of 

strategic actions on protected areas, such 

areas are not allowed for urban 

development projects. 

- 
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We applied the descriptive statistics to analyze the questionnaire data set characteristics by 

calculating the sampled frequencies (Visser and Jones III, 2010) and identifying variables 

(spatial determinants of urban expansion). Additionally, we analyzed the open questions 

qualitatively using the process of coding and synthesizing (Bryman, 2016; Maxwell, 2013; 

Secor, 2010) to identify expert’s opinions on land designated for urban development by the 

regional plan. According to Secor (2010), coding is a systematic process of flagging themes, 

words, phrases, and interpretations of the surveyed transcripts. We sorted and synthesized the 

coded variables and ranked them as follows: x = “Very low” (1-2); xx = “Low” (3-4); xxx = 

“High” (5-6) and; xxxx = “Very high” (7 and above), where 1-2, 3-4, etc. are the number of 

times a variable is identified by various respondents. 

2.3.2 Model calibration and validation 

We calibrated the land cover types using the Multi-Layer Perceptron (MLP) neural network 

and Markov models. According to Singha et al. (2012), the MLP neural network uses the non-

linear function to compute the weights of multiple input layers to produce a single output layer 

and can be expressed as: 

𝐘 = 𝐟(∑ 𝐖𝐢𝐗𝐢 + 𝐁)
𝐧

𝐢=𝟏
         (1) 

where Y is the output layer, Wi is the weight for input layer i, Xi is the input for layers i. B is 

the bias, which is a constant that helps the model fits best, and f is the transfer function, sigmoid, 

which allows the classification of non-linear patterns in the data. The Markov model, according 

to Koomen and Stillwell (2007) states that the initial state of a cell, the surrounding cells, and 

a transition matrix with its transition probabilities determine the probability of the cell to change 

its function. Markov model can be expressed as: 

Lt2 = f (Lt1, Nt1)       (2) 

where Lt2 is the state of the cell that changes its function, Lt1 is the state of the initial cell, Nt1 

is the state of the surrounding cells of Lt1, and f is the function of the transition matrix with its 

transition probability. 

We performed the analysis through various steps in ArcGIS 10.6 and TerrSet 18.3 versions. 

First, we reclassified the land cover maps for 2002 and 2017 into urban/built-up and non-

urban/built-up. Second, we performed change analysis to assess the transitions between 2002 

and 2017 land cover types to define the transition sub-model to be evaluated. Third, we chose 

spatial determinants of urban expansion as the driver variables to be included in the sub-model, 
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which was based on the expected association with urban expansion. We tested the chosen driver 

variables in TerrSet and based on their probability values and coefficients, we finally selected 

topographic elevation and distance to protected areas as static variables. Additionally, we 

selected distances to roads and urban/built-up for 2002 and 2017 as dynamic variables. Fourth, 

we ran the transition sub-model successfully with accuracy at 79%, skill measure at 0.6, training 

data at 0.5, and testing data at 0.5 to produce the transition potential of the sub-model using the 

MLP neural network. Finally, we used the transition potential to analyze change prediction to 

2019 land cover using the Markov model with the transition probability/area matrix in Table 

3.3. At this level, we used the dynamic road development of change allocation modeling. We 

defined the dynamic road development parameters, including mode of route generation as 

highest transition potential routes; road growth parameters as length (40 km) and spacing (7.1 

km), and; skip factor as 1. The skip factor is defined as 1 to make sure the dynamic variables 

are updated at every prediction date. 

Table 3.3: The transition probability/area matrix from 2002 and 2017 to 2019 

Land cover 

types 
Urban/built-up Non-urban/built-up Total 

Urban/built-

up 

0.9276 

(357.18 km2) 

0.0724 

(27.88 km2) 

1 

(385.06 km2) 

Non-

Urban/built-

up 

0.0368 

(59.16 km2) 

0.9632 

(1,548.43 km2) 

1 

(1,607.59 km2) 

To validate the model, we produced the 2019 land cover map (Fig. 3.2b) using the supervised 

classification (Campbell and Wynne, 2011) and the maximum likelihood algorithm (Lu et al., 

2011; Tso and Mather, 2009) in ArcGIS. We categorized the land cover classes into urban/built-

up and non-urban/built-up and performed accuracy assessments of the classified land cover by 

sampling referenced points using a simple random sampling approach, in which every location 

has an equal chance to be included in the sample (Olofsson et al., 2014). We used a total of 511 

points for validation on the composite satellite image for 2019 and calculated the user (errors 

of commission) and producer (errors of omission) accuracies at 86.2% and 89.8% respectively 

for urban/built-up, as well as overall accuracy (94.3%) and Kappa coefficients (0.94). We used 

the actual 2019 land cover map to validate the predicted 2019 land cover map (Fig. 3.2a) and 

produced the 2019 validated map (Fig. 3.2c). The model validated at 1% Hits (the model 

predicted change and it changed), 7.8% Misses (the model predicted persistence and it 

changed), 1.9% False alarms (the model predicted change and it persisted), and 90.3% overall 

accuracy (100 - (Misses + False alarms)). 
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Figure 3.2: Predicted, actual, and validated land cover maps for 2019 

2.3.3 Developing scenarios for land cover simulation 

We developed three scenarios, Business As Usual (BAU), Regional Land Use Plan (RLUP), 

and Adjusted Urban Land (AUL) to simulate land cover from 2017 to 2030 and to 2050. The 

BAU scenario assumes the future urban spatial patterns based on extrapolating the past trends 

of land cover change from Enoguanbhor et al. (2019). To develop the spatial planning scenarios, 

we developed storylines from the surveys of land use planning experts. The experts gave 

contradicting opinions that the land designated for urban development by the current regional 

plan may or may not be sufficient for current and future developments. To avert future 

uncertainty, we developed the RLUP scenario under the current regional plan. In this context, 

the RLUP scenario assumes future urban spatial patterns to be restricted by land use designated 

for urban development under the current regional plan. Also, the experts opined that some 

leapfrogged settlements (e.g., Lugbe) should not be evacuated but integrated into the master 

plan and urban renewal and strict protection of the remaining forests should be adhered to. 

However, a high number of experts also disagreed. Based on this assumption, we developed the 

AUL scenario as a spatial planning alternative that integrates existing leapfrogged settlements 

on land designated for non-urban development, while considering the protection of the 
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environmentally sensitive areas defined by the regional plan, including the protected ecological 

areas and forest reserve. The AUL scenario assumes future urban spatial patterns to be restricted 

by land use designated for urban development under the spatial planning alternative. The AUL 

can be seen as a spatial planning scenario to support the actualization of certain visions e.g., 

improving environmental sustainability, creating a functional urban environment. The essence 

of developing the AUL scenario is to analyze the possibility of meeting the need for future 

urban expansion and protecting environmentally sensitive areas of city-regions. Table 3.4 

summarizes the main assumptions of the scenarios. At this level of simulation, we used the 

dynamic road development of change allocation modeling for the BAU scenario and additional 

zoning (constraints and incentives) of change allocation modeling for the RLUP and AUL 

scenarios. 

Table 3.4: Scenarios for possible future urban expansion and their main assumptions 

 Scenarios Main assumptions 

1 BAU 
The possible future urban expansion patterns based on extrapolating the past 

trends of land cover change 

2 RLUP 
The possible future urban expansion patterns to be restricted by land use 

designated for urban development under the current regional plan 

3 AUL 
The possible future urban expansion patterns to be restricted by land use 

designated for urban development under the spatial planning alternative 

2.3.4 Quantifying the potential degradation of environmentally sensitive areas 

We used the cartographic GIS overlays to quantify the possible future urban expansion in the 

environmentally sensitive areas designated by the regional plan under the BAU, RLUP, and 

AUL scenarios. We used the quantification under the BAU scenario to determine the 

degradation level of the environmentally sensitive areas by the future urban expansion if the 

past/current implementation of the regional plan continues. While we used the RLUP scenario 

to determine the degradation level if the current regional plan is implemented effectively, the 

AUL scenario was used to determine the degradation level if the adjusted urban land as the 

alternative regional plan is implemented effectively. Fig. 3.3 summarizes the data types and 

analyses, where boxes in red, black, and green indicate data, analyses, and results respectively. 
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Figure 3.3: Methods for simulating future urban land expansion to predict the potential 

degradation in environmentally sensitive areas 

3 Results and discussion 

This study demonstrates the first detailed example of integrating empirical data derived from 

GIS, RS, and surveys of experts to offer insights into the possible future urban expansion under 

spatial planning scenarios to support land use planning and environmental sustainability in the 

Abuja city-region, Nigeria. 

3.1 Findings 

The results in Tables 3.5 and 3.6 show the spatial determinants of urban expansion based on 

data derived from GIS/RS and survey of experts respectively. From GIS/RS data, the bivariate 

model showed the level of elevation and distance to protected areas as negatively associated 
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with the urban/built-up land, with elevation having the highest odds ratio. This indicates that 

the lower the elevation and the farther away from a protected area, the higher the likelihood of 

urban development. Conversely, distances to water bodies, roads, CBDs, higher institutions, 

shopping centers, planned areas, and slopes are positively associated with the urban/built-up 

land, with roads having the highest odds ratio. This indicates that the closer a location is from 

these variables, the more likely it will be developed. The degrees of the slope were excluded 

from the multivariate model due to unexpected results from the bivariate model. The low 

standard errors for all the variables indicated good models’ fit. The less than 5 VIF for all the 

independent variables showed that the variables have independent effects on the dependent 

variable. From survey-based data, most experts perceived the level of elevation and distance to 

protected areas as positively associated with urban expansion patterns and the degrees of the 

slope as negatively associated with urban expansion patterns. The findings from the survey data 

analysis support GIS/RS on distances to roads, CBDs, higher institutions, shopping centers, 

urban planned areas, and water bodies but contradict results on the level of elevation, distance 

to protected areas, and the degrees of slope (Tables 3.5 and 3.6). The findings that with an 

increase in slope, the likelihood for urban development increases is unexpected and contradict 

previous studies from Xu et al. (2018); Li et al. (2018); Zhang and Su (2016) who reported 

slope as negatively associated with urban expansion in their various study areas. The findings 

that the distance to roads is positively associated with urban expansion patterns, however, is in 

line with earlier studies from Salem et al. (2019); Kleemann et al. (2017); Tsutsumida et al. 

(2015); Linard et al. (2013); Doan and Oduro (2012). 

Table 3.5: Spatial determinants of urban expansion until 2017 based on GIS analysis 

Spatial determinants 

Bivariate Multivariate  

Coef 
Odds 

ratio 

P-

value 

Std. 

error 
Coef 

Odds 

ratio 

P-

value 

Std. 

error 
VIF 

1 Elevation (100m) -0.00 1.00 0.00  0.00 0.00 1.00 0.00 0.00 2.71 

2 Slope (degree) 0.06 1.06 0.00  0.00 - - - - - 

3 
Dist. to water bodies 

(km) 
0.06 1.06 0.00  0.00 0.05 1.05 0.00 0.00 2.81 

4 Dist. to roads (km) 0.63 1.88 0.00  0.02 0.38 1.46 0.00 0.02 1.19 

5 Dist. to CBDs (km) 0.20 1.22 0.00  0.01 0.10 1.11 0.00 0.01 3.72 

6 
Dist. to higher 

institutions (km) 
0.09 1.10 0.00  0.00 -0.00 1.00 0.48  0.00 1.20 

7 
Dist. to shopping centers 

(km) 
0.36 1.43 0.00  0.01 0.14 1.15 0.00 0.02 3.44 

8 
Dist. to planned area 

(km) 
0.37 1.45 0.00  0.01 0.05 1.06 0.00  0.01 2.26 

9 
Dist. to protected area 

(km) 
-0.15 0.86 0.00  0.00 - 0.12 0.88 0.00  0.00 2.28 
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 Null deviance: 19704 on 19999 degrees of freedom (multivariate)  

 Residual deviance: 15072 on 19991 degrees of freedom (multivariate)  

Table 3.6: Calculated frequencies of spatial determinants of urban expansion based on a survey 

of urban and regional planning experts 

Spatial determinants 
Positive 

association 

Negative 

association 

No/unknown 

association 
Total 

1 Elevation 44% 40% 16% 100% 

2 Degrees of slope 28% 48% 24% 100% 

3  Distance to water bodies 40% 32% 28% 100% 

4 Distance to roads 92% 0% 8% 100% 

5 Distance to CBDs 76% 16% 8% 100% 

6 Distance to higher institutions 68% 8% 24% 100% 

7 Distance to shopping centers 92% 8% 0% 100% 

8 Distance to planned area 92% 8% 0% 100% 

9 Distance to protected areas 44% 32% 24% 100% 

The results (Fig. 3.4) show the spatial patterns of the possible future urban expansion. While 

the BAU and AUL scenarios simulated land cover types to 2050 (Fig. 3.4d and e), the RLUP 

scenario simulated until 2030 (Fig. 3.4c), indicating the insufficient space for future urban 

expansion under the RLUP scenario. Under the BAU scenario, the results show that the urban 

expansion patterns may occur in a leapfrogged/haphazard manner, especially on land 

designated for non-urban/built-up, similar to those reported by Agyemang and Silva (2019) for 

Accra city-region, Ghana that leapfrogged large-scale development becoming new attraction 

centers. This result indicates gaps that may occur between the planned land designated for urban 

development and the possible future urban dynamics, similar to those predicted by Mahmoud 

et al. (2016) for future settlement expansion of Abuja who underscored that the expansion may 

occur without strict adherence to the master plan. Also, the results show that the Abuja urban 

dynamics may continue to grow outwardly and may feature similar patterns to the past and 

current urban expansion trends (Enoguanbhor et al., 2019; Mashi and Shuaibu, 2018; Usman, 

2013; Ejaro and Abubakar, 2013; Ade and Afolabi, 2013; Fanan et al., 2011; Chima, 2012; 

Idoko and Bisong, 2010: Ujoh et al., 2010). The results are similar to the findings in other 

Nigerian cities reported by Tope-Ajayi et al. (2016); Agbor et al. (2012) who predicted that 

urban/built-up areas may continue to grow outwardly into non-urban development areas in the 

Eleyele wetland area and Ibadan metropolis. Similar findings have been reported across Sub-

Saharan Africa and other parts of the Global South. For example, Mohamed and Worku (2020); 

Gao et al. (2020); Agyemang and Silva (2019); Kukkonen et al. (2018); Xie et al. (2018); Nor 

et al. (2017); Inouye et al. (2015) predicted future urban expansion to the detriments of other 

land uses for non-urban development in their various study areas. 



53 

 

 

 

 

Figure 3.4: Spatial patterns of the predicted land cover types using BAU, RLUP, and AUL 

scenarios 

Table 3.7 shows the contradicting opinions from experts on current/future urban development 

and leapfrogging urban expansion in relation to the regional plan. While contrasting the experts’ 

opinions on the potential future demands for urban land expansion under different scenario 

implementation, the results show that a very high number of experts opined that the land will 

be or not be sufficient for current and future developments. The RLUP scenario provides 

evidence in support of the group of experts’ opinions that land designated for urban 

development may not be sufficient for future urban expansion under the current regional plan 
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because the scenario could not simulate land cover to 2050 due to the limited space of land for 

future urban expansion. Also, a very high number of experts suggested that the settlements (e.g., 

Lugbe town) that emerged through leapfrogging should not be evacuated but integrated into the 

master plan and urban renewal and strict protection of the remaining forests should be adhered 

to. However, a high number of experts suggested that such settlements should be evacuated to 

implement the master plan. The AUL scenario, as a spatial planning alternative provides 

evidence in support of the group of experts’ opinions on settlements that emerged through 

leapfrogging should not be evacuated but integrated into the master plan. The contradicting 

opinions among the experts may be due to a lack of research on the possible future urban 

dynamics of the city-region using different spatial planning scenarios. 

Table 3.7: Experts’ opinions on potential future demands for urban land expansion and 

leapfrog settlements 

Analyzed topics Identified variables (opinions) Ranking 

Opinions on land 

designated for 

urban 

development by 

the regional plan 

The land designated for urban development by the regional plan will be 

sufficient for current and future developments. 
xxxx 

The land designated for urban development by the regional plan will not be 

sufficient for current and future developments. 
xxxx 

Suggested 

strategy for 

settlements that 

emerged through 

leapfrogging 

The leapfrog settlements (e.g., Lugbe) should not be evacuated but 

integrated into the master plan and urban renewal and strict protection of the 

remaining forests should be adhered to. 

xxxx 

The leapfrog settlements (e.g., Lugbe) should be evacuated with total 

resettlement to implement the original regional plan. 
xxx 

Ranking: x = “Very low” (1-2); xx = “Low” (3-4); xxx = “High” (5-6) and; xxxx = “Very high” (7 and 

above) 

The results (Fig. 3.5) show the spatial patterns of future urban/built-up land in relation to the 

environmentally sensitive areas designated by the regional plan. Under the BAU scenario, the 

results (Fig. 3.5b and Table 3.8) show that the potential degradation of environmentally 

sensitive areas by the possible future urban expansion may increase from 2017 to 2050 and the 

degradation level may be higher than that of the spatial planning scenarios, indicating gaps that 

may occur between the regional plan and the possible future urban dynamics. These results 

coincide with those of Mohamed and Worku (2020), who claim that the degradation level of 

environmentally sensitive areas of future urban expansion under the BAU scenario may be 

higher than that of the Ecological Sensitive Scenario in the Addis Ababa city-region, Ethiopia. 

The results differ from those of Gao et al. (2020), who claim that under the BAU scenario, the 

future urban dynamics of Wenzhou, China may cause less encroachment into environmentally 

sensitive areas. The result shows that if the weaknesses in the implementation of the past/current 
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land use plans are not addressed, the future implementation may not be able to protect 

environmentally sensitive areas effectively. Under the RLUP and AUL scenarios, the results 

show that there may be no and little degradation of environmentally sensitive areas respectively, 

indicating effective planning restrictions of urban expansion into such areas (Fig. 3.5c, d, and 

Table 3.8). The results provide support for Mohamed and Worku (2020) on the Ecological 

Sensitive scenario. 

 

 

 

Figure 3.5: Regional land use plan and the predicted urban/built-up land cover under the BAU, 

RLUP, and AUL scenarios 
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Table 3.8: The potential degradation of environmentally sensitive areas by possible future 

urban expansion 

 2017 2030 2050 

BAU scenario 6.8% 13.8% 22.4% 

RLUP scenario 6.8% 6.8% - 

AUL scenario 6.8% 8.3% 9.0% 

3.2 Implications of the findings 

An important implication of the findings is that without effective spatial planning restrictions, 

the possible future urban dynamics under the BAU scenario may be associated with a high 

degradation of environmentally sensitive areas. Also, the unregulated spatial patterns of the 

predicted urban expansion under the BAU scenario may feature a high degree of 

leapfrogging/haphazard urban development (informal settlements), particularly in peri-

urban/satellite settlements (Enoguanbhor et al., 2019; Agyemang and Silva, 2019; Abubakar, 

2014; Goodfellow, 2013; Trefon, 2009). Such informal settlements comprise the majority of 

urban growth in Sub-Saharan Africa (Lall et al., 2017; Zubair et al., 2015; Freire et al., 2014; 

Schug et al., 2018; Hauer et al., 2018) and are characterized by deteriorating housing as home 

to low-income earners in the Global South (Gottdiener et al., 2016). The settlement patterns can 

be associated with poor sanitary environments that can affect the health of urban dwellers. Such 

patterns of urban development may pose a great challenge in creating a functional urban 

environment for future generations. Additionally, the positive association of roads, higher 

institutions, etc. with urban expansion patterns indicates that under the BAU scenario such 

spatial determinants may not be put under effective control and may contribute to future 

haphazard urban expansion patterns. 

The RLUP scenario that could not simulate land cover to 2050 implies that the limited space 

for future urban development may cause a challenge towards improving a functional urban 

environment, considering the high rate of urban expansion in the Global South. The economic 

and socio-cultural implications of implementing the RLUP scenario effectively are the cost of 

total evacuation and resettlement of all leapfrogged settlements and the demolition of the socio-

cultural surroundings within the settlements. 

However, the AUL scenario that simulated land cover to 2050 implies that the concept may 

allocate enough space to meet the need for urban expansion with little encroachment into land 

designated for non-urban development by the regional plan. Enough space would support the 

creation of a functional urban environment. Also, another positive implication of the AUL 

scenario is the protection of environmentally sensitive areas from urban expansion. This would 
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help to improve the environmental objective of land use planning and contribute towards 

improving environmental sustainability. Additionally, the scenario has the potential to support 

the economic objective of land use planning, considering saving the cost of evacuating the 

major leapfrogged settlements and resettlements (e.g., Lugbe town). Furthermore, the scenario 

would help in preserving the socio-cultural heritage/surroundings within the leapfrogged 

settlements that are not under evacuation. Therefore, the AUL scenario can be said to have the 

potential for improving balancing the socio-cultural, economic, and environmental objectives 

of land use planning. The disadvantage of the AUL scenario, when compared to the RLUP 

scenario, is that some portion of land designated for non-urban development (e.g., agriculture, 

animal husbandry, forest reserves) by the regional plan may not be reclaimed for the initial 

purpose. The general implication of the spatial planning scenarios is the clarification of the 

contradicting opinions of the experts on the potential future demands for urban land expansion. 

This study contributes to land use planning as a strategic instrument to regulate urban expansion 

and improve environmental sustainability by developing the AUL scenario of future urban 

expansion to quantify the associated environmentally sensitive areas that may be degraded. 

With the AUL scenario, this paper tends to improve the environmental objective of land use 

planning. The scenario could be used as an alternative measure to the BAU scenario of future 

urban expansion and to support the review of the current regional plan. Also, this study 

demonstrates how different scenarios can be used to reduce or eliminate uncertainties of the 

possible future urban expansion among experts. Furthermore, the study integrates GIS, RS, and 

survey-based data to investigate the spatial determinants of urban expansion that may be 

associated with its future leapfrogging/haphazard spatial patterns under the BAU scenario. The 

methods and the baseline information provided in this study would be useful to inform decision-

makers in urban and regional development planning/policies to improve the environmental 

sustainability of city-regions. 

3.3 Limitations 

One limitation of the present study is linked to the development of the AUL scenario without 

considering some important environmental components e.g., land for intensive agriculture, 

animal husbandry. However, we developed the scenario by considering the environmentally 

sensitive areas designated by the regional plan. Also, this study could have been limited by the 

pixel classification error of the RS data that could affect the model’s calibration, validation, and 

final simulation of land cover. Additionally, the limitation of the study can be linked to the 
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intentional/unintentional response bias during the survey of experts that could not be detected 

in the analysis. 

3.4 Recommendations 

As a result of the findings, this study recommends the following: 

First, this study strongly recommends a comprehensive review of the regional plan. The results 

indicate that if the urban expansion pattern continues at a similar speed, it cannot be 

accommodated in the current regional plan up to 2050 even if the plan is implemented 

effectively.  

Second, while reviewing the urban and regional plans, the AUL concept for land use planning 

can be a useful tool to balance the needs for urban expansion and the protection of 

environmentally sensitive areas of city-regions. This would enable the major leapfrogged 

settlements to be incorporated into the urban and regional plans. For example, Lugbe town 

should be defined on the regional plan and should be incorporated into the Abuja city plan as 

one of the phases of the plan. The AUL scenario would help to mitigate the potential 

environmental impacts of the possible future urban expansion in environmentally sensitive 

areas under the BAU scenario to support the environmental objective of land use planning. 

Third, the integrated empirical data derived from GIS, RS, and survey-based methods should 

be used to develop spatial planning (e.g., AUL, RLUP) scenarios to offer insights into the 

possible future urban expansion. This would reduce or avert the problem of insufficient data 

availability associated with land use planning when addressing urban expansion and 

environmental sustainability issues. Also, it would reduce uncertainties towards implementing 

regional plans of city-regions. 

4 Conclusions 

This study integrated empirical data derived from GIS, RS, and surveys of experts to offer 

insights into the possible future urban expansion under spatial planning scenarios to support 

land use planning and environmental sustainability of city-regions. 

The investigation on spatial determinants of urban expansion indicated distances to roads, 

CBDs, higher institutions, shopping centers, urban planned areas, water bodies, and degrees of 

the slope as positively associated with urban expansion patterns. Conversely, the level of 

elevation and distance to protected areas are negatively associated with urban expansion 

patterns. Using expert interviews to guide the development of scenarios to simulate urban 
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expansion, the BAU and AUL scenarios simulated land cover from 2017 to 2050 and the RLUP 

scenario simulated until 2030. Perhaps most alarming is the contradicting opinions from experts 

on the potential future demands for urban land expansion under different scenario 

implementation. The RLUP scenario provides evidence in support of the group of experts’ 

opinions that land designated for urban development may not be sufficient for future urban 

expansion under the current regional plan. The AUL scenario, as a spatial planning alternative 

provides evidence in support of the group of experts’ opinions on settlements that emerged 

through leapfrogging should not be evacuated but integrated into the master plan. Under the 

BAU scenario, this study indicated a high degradation of environmentally sensitive areas by 

the possible future urban expansion that may occur. Under the RLUP and AUL scenarios, the 

study showed that there may be no and little degradation respectively in the same areas. 

This study shows that integrating empirical data derived from GIS, RS, and surveys is a useful 

approach to offer insights into the possible future urban expansion patterns to support land use 

planning. The approach and the baseline information derived, especially from the AUL scenario 

show the possibility of balancing the need for urban expansion and the protection of 

environmentally sensitive areas in city-regions. This would be useful to improve balancing the 

socio-cultural, economic, and environmental objectives of land use planning to improve the 

environmental sustainability of city-regions in Sub-Saharan Africa and across the Global South, 

where insufficient data availability challenges land use planning. 
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Chapter 4  

Key challenges for land use planning and its environmental assessments in 

the Abuja city-region, Nigeria 
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Abstract 

Land use planning as strategic instruments to guide urban dynamics faces particular challenges 

in the Global South, including Sub-Saharan Africa, where urgent interventions are required to 

improve urban and environmental sustainability. This study combined Geographic Information 

Systems/Remote Sensing and survey-based data to investigate the key challenges of land use 

planning strategies and their environmental assessments for the purpose of improving the urban 

and environmental sustainability of city-regions. By overlaying and contrasting land use plans, 

land cover maps derived from satellite imagery, and expert surveys, we investigated spatial 

inconsistencies and their causes between urban and regional plans, as well as the associated 

urban land dynamics. We furthermore identified and interrogated key challenges facing land 

use planning, including its environmental assessment procedures, and explored means for 

overcoming these barriers to rapid, yet environmentally sound urban growth. The results 

illuminated multiple inconsistencies (e.g., spatial conflicts) between urban and regional plans, 

most prominently stemming from conflicts in administrative boundaries and a lack of 

interdepartmental coordination. Key findings identified a lack of Strategic Environmental 

Assessment and inadequate implementation of land use plans caused by e.g., insufficient 

funding, lack of political will, political interference, corruption as challenges facing land use 

planning for urban and environmental sustainability. The baseline information provided in this 

study is crucial to improve strategic planning and urban/environmental sustainability of city-

regions in Sub-Saharan Africa and across the Global South, where land use planning faces 

similar challenges to address the haphazard urban expansion patterns. 

Keywords: Regional planning; urban planning; urban expansion; environmental sustainability; 

spatial inconsistency; Sub-Saharan Africa 
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1 Introduction 

Land use planning, which is a deliberate process of defining land for various uses to balance 

social, economic, and environmental goals (Liang et al., 2020; Phillips and João, 2017), is an 

approach for improving urban and environmental sustainability (Mohamed et al., 2020; 

Cobbinah et al., 2020; Liang et al., 2020; Li et al., 2020; Belčáková, 2016). In this context, 

environmental sustainability is a condition for meeting the needs of the current and future 

generations without jeopardizing the current and future health of natural ecosystems (Morelli, 

2011). The land use planning process varies widely at various scales but the general process 

includes defining the goal and objectives, data collection and analysis, plan formulation, 

negotiation and decision-making, implementation, and monitoring and updating (BMZ, 2012). 

Land use planning strategies have not been able to address effectively the environmental 

sustainability problems (e.g., degradation of environmentally sensitive areas caused by urban 

expansion patterns) in the Global South, particularly in Sub-Saharan Africa (Mohamed et al., 

2020; Enoguanbhor et al., 2019; Mahmoud et al. 2016; Ade and Afolabi, 2013). For example, 

the past and current urban expansion patterns in the Abuja city-region, Nigeria is inconsistent 

with the land use plans as urban development expands into the land designated for non-urban 

development areas, including environmentally sensitive areas (Enoguanbhor et al., 2019). This 

leads to the degradation of environmentally sensitive areas of many African city-regions, 

including Abuja, highlighting the need to guide urban developments effectively using strategic 

actions such as land use planning strategies (Enoguanbhor et al., 2020; Mohamed and Worku, 

2020; Xu et al., 2019). Addressing the environmental sustainability problems caused by urban 

expansion patterns at the regional scale is useful in this regard and especially if used to guide 

local and urban planning processes (Mohamed et al., 2020; Guo et al., 2019; Wahab et al., 2014; 

Wang et al., 2014). This is, for example, recognized by the Nigerian Urban and Regional 

Planning Law of 1992 that made provision for the higher-order plans to provide a framework 

for the lower-order plans (Wahab et al., 2014). In Sub-Saharan Africa, including Nigeria, the 

land use planning process at the regional scale is however often neglected (Wahab et al., 2014), 

which may lead to spatial inconsistencies (e.g., spatial conflicts) between urban and regional 

plans. Spatial conflict in this context can be regarded as a situation where a lower-order plan 

(e.g., an urban plan) deviates from the framework of a higher-order plan (e.g., a regional plan). 

This situation may contribute to the conflicts between urban developments and other land uses 

(e.g., intensive agriculture, productive forestry) proposed by the regional plan. The spatial 

inconsistencies between urban and regional plans, as well as the actual urban developments, 
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hinder achieving the environmental goals of land use planning strategies (Liu et al., 2020; 

Enoguanbhor et al., 2019).  

To improve achieving the environmental goals of land use planning strategies, environmental 

assessments can be conducted using the Strategic Environmental Assessment (SEA) or para-

SEA (Campo et al., 2020; Siqueira-Gay and Sánchez, 2019; Unalan and Cowell, 2019; Rega et 

al., 2018; Rojas et al., 2013; Dalal-Clayton and Sadler, 2005). The SEA is an environmental 

planning and management instrument used for determining and mitigating the potential 

environmental impacts of policies, plans, and programs at both regional and urban/local scales 

(Josimovic et al., 2021; Wu and Ma, 2019; Makaba and Munyati, 2018; Torrieri and Batà, 2017; 

Dalal-Clayton and Sadler, 2005). The para-SEA is an informal process of conducting the 

environmental assessment of strategic actions, whereby the administrative framework is not 

defined or considered and the process does not meet the formal specifications of SEA but has 

some of their characteristics (Dalal-Clayton and Sadler, 2005). The SEA process aims to protect 

environments from strategic actions and promote environmental sustainability (Campo et al., 

2020; Sebestyén et al., 2019; Iyer, 2017; OECD, 2006; Therivel, 2004; Lee and George, 2000). 

Applied SEA varies widely, but the general process includes screening, consideration of 

alternatives, description of the action, impact identification and scoping, prediction of impact 

magnitude and significance, identification of mitigation measures, preparing the documentation 

of the assessment, review, consultation, and public participation, decision-making, and 

monitoring implementation (Lee and George, 2000). According to Therivel (2004), the core of 

the SEA process includes environmental impact prediction, evaluation, and mitigation. The 

environmental impact prediction is to determine the scale, duration, and likelihood of the 

impacts, while evaluation is to determine whether the predicted impacts are significant or not, 

and mitigation is to reduce or eliminate the significant impacts (Therivel, 2004). Unlike the 

classical Environmental Impact Assessment (EIA) process, which focuses on predicting, 

evaluating, and mitigating the environmental impacts of project actions (Wu and Ma, 2019; 

Bodde and Van der Wel, 2018; OECD, 2006), the SEA process is used for predicting, 

evaluating, and mitigating the higher-level environmental impacts of strategic actions, 

including land use planning (Wu and Ma, 2019; Wu and Ma, 2018; Bodde and Van der Wel, 

2018; OECD, 2006). Implementing the SEA process has long-term benefits (e.g., 

environmentally-friendly development, a smoother planning process, greater plan 

transparency) that can vastly exceed the short-term cost, especially if it addresses the 

environmental problems to support achieving the environmental goals of plans (Therivel and 
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González, 2020). In some parts of the world, particularly in the European Union, the SEA 

process has been implemented since 2001 (Kläne and Albrecht, 2005). While implementing the 

SEA process in Sub-Saharan Africa, attempts were made in some countries, including 

Botswana (Makaba and Munyati, 2018), South Africa (Retief et al., 2008), and Ghana (Ofori, 

2005). However, in most countries of Sub-Saharan Africa, including Nigeria, the formal SEA 

process has not been implemented in all sectors (Ogbonna and Albrecht, 2015), including land 

use planning. 

Land use planning strategies and environmental assessments are faced with various challenges 

in the Global South, including Sub-Saharan Africa (Dano et al., 2020; Mwathunga and 

Donaldson, 2018; Makaba and Munyati, 2018; Kleemann et al., 2017). Lack of financial 

capacities challenges land use planning in Lagos, Nigeria, and the Takoradi and Bolgatanga 

regions of Ghana (Dano et al., 2020; Kleemann et al., 2017). Political interference is a key 

challenge facing land use planning in Kampala in Uganda and Kigali in Rwanda (Goodfellow, 

2013). Additionally, customary land tenure, lack of law enforcement, and distrust in 

government are barriers to effective land use planning in Ghana (Kleemann et al., 2017). In 

Malawi’s main urban centers, lack of human and technological capacity, corruption, and 

outdated legal and policy frameworks pose significant challenges to land use planning 

(Mwathunga and Donaldson, 2018). Regarding environmental assessment at the sub-regional 

level, a lack of legislation, inadequate awareness, and low technical standards have been shown 

to burden and render the SEA process in Botswana suboptimal (Makaba and Munyati, 2018). 

Retief et al. (2008) demonstrate that a lack of focus, lack of integration with decision-making 

processes, and lack of assessment furthermore hinder the SEA practice in South Africa. 

According to Ofori  (2005), lack of legal or institutional frameworks, developing alternative 

strategic actions, lack of organized baseline data are amongst challenges facing the SEA process 

in Ghana. Outside the Sub-Saharan Africa region, Slunge and Tran (2014) posit that inadequate 

training, financial resources are key challenges to institutionalizing SEA in Vietnam. 

Addressing these key challenges may be helpful to improve the environmental sustainability of 

city-regions, but may not be the answer to all problems, considering the fast rate of urbanization 

(Mashi and Shuaibu, 2018; Schug et al., 2018; Abubakar, 2014; Basorun and Ayeni, 2013) that 

planning cannot keep up with and the challenges to control such urbanization by local, regional, 

and national governments. However, the development of the Abuja city-region from scratch 

using land use planning strategies (Adama, 2020) makes it the best-case study for investigating 
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land use planning and environmental assessment challenges, considering the long-term benefits 

of the SEA process that can vastly exceed the short-term cost (Therivel and González, 2020). 

We aim to combine Geographic Information Systems (GIS)/Remote Sensing (RS) and survey-

based data to investigate the key challenges of land use planning strategies and their 

environmental assessments for the purpose of improving the urban and environmental 

sustainability of city-regions. Specifically, we investigate: 

1. the spatial inconsistencies and the causes between urban and regional plans, as well as 

the associated conflicts between the built-up areas and other land uses; 

2. the state of land use planning; 

3. the state of environmental assessments of land use planning, and; 

4. the ways to address these challenges for effective land use planning. 

Our findings help to identify key challenges of land use planning, including spatial 

inconsistencies between urban and regional plans, as well as the associated conflicts between 

the current/future urban growth and land use proposed for intensive agriculture and productive 

forestry. Also, we identified the causes of the spatial inconsistencies between urban and 

regional plans, including conflicts in administrative boundaries, conflicts in funding the land 

use planning process, and lack of good coordination. Additionally, our study shows that 

implementing the SEA process of land use planning in such a way to avert the challenges (e.g., 

overlapping functions between the government ministries and agencies) facing the current EIA 

process would improve achieving the environmental goals of land use planning. Therefore, this 

paper contributes to land use planning as a strategic instrument for guiding and controlling 

urban expansion patterns and improving the environmental sustainability of city-regions. 

2 Materials and methods 

2.1 Study area 

The Abuja city-region (Fig. 4.1) provides a suitable case study due to the insufficiency of 

existing land use planning instrumentation at urban and regional scales for guiding and 

controlling its rapid urban expansion patterns throughout the past three decades and the negative 

implications of this on current and future environmentally sensitive areas (Enoguanbhor et al. 

2020; Enoguanbhor et al, 2019). The Federal Capital Territory (FCT) that comprises 6 local 

government areas, including the defined city-region of this study, was created in 1976 to 

develop a new federal capital for sustainable development and to avert similar challenges (e.g., 

environmental and social problems) that hindered the sustainable development of the formal 
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capital, Lagos (FMITI, 2015; Sufiyan et al., 2015; Abubakar, 2014; Ade and Afolabi, 2013; 

Ejaro and Abubakar, 2013). To avert such problems in the FCT region, regional and urban land 

use plans were developed in 1979 to regulate urban and regional development before the 

relocation of the government seat from Lagos to Abuja in 1991 (Adama, 2020; Abubakar, 2014; 

Idoko and Bisong 2010). While addressing the problems of unguided urban development using 

land use planning, the Federal Capital Development Authority (FCDA) of Abuja implemented 

mass evictions in the inner city, accompanied by strict demolition of informal settlements 

between 2003 and 2007 (Chima, 2012; Fanan et al., 2011; COHRE and SERAC, 2008). 

Addressing the key challenges of housing is particularly urgent given that this is one of Sub-

Saharan Africa's fastest-growing city-regions with an average annual population growth rate of 

about 5.3% (Mashi and Shuaibu, 2018). The population was estimated to be 1.4 million in 2006 

(Adama, 2020), growing to 2.3 million in 2015 (Mashi and Shuaibu, 2018). As a rapidly 

growing city-region, its urban and regional economy is booming correspondingly, with an 

estimated GDP per capita of $5,612 in 2015 (Bloch, et al., 2015). This has in turn severely 

impacted areas set aside for intensive agriculture, animal husbandry, and the ecologically 

protected areas (Enoguanbhor et al, 2019). 

 

Figure 4.1: Map showing the location of the Abuja city-region in Nigeria 

Source: Modified from Enoguanbhor et al. (2020) 

2.2 Data collection 

We combined data from different sources, including Geographic Information Systems (GIS)/Remote 

Sensing (RS) and survey. While the GIS/RS data included land cover maps and land use plans, the 

survey data were derived using questionnaires and interviews. 
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2.2.1 Land cover maps and land use plans 

Land cover maps for 2017, 2030, and 2050 were collected from our previous studies of the 

Abuja city-region (Enoguanbhor et al., 2020; Enoguanbhor et al., 2019). The 2017 land cover 

map was derived from LANDSAT 8 satellite images captured in 2017 using supervised 

classification and maximum likelihood algorithm (Campbell and Wynne, 2011; Lu et al., 2011; 

Tso and Mather 2009). The 2030 and 2050 land cover maps were produced by simulation using 

the Multi-Layer Perceptron (MLP) neural network and Markov models of urban growth 

modeling (Enoguanbhor et al., 2020; Singha et al., 2012; Koomen and Stillwell, 2007). The 

land cover model was calibrated using the 2002 and 2017 land cover maps, as well as some 

selected maps on spatial determinants of urban expansion as driver variables. The driver 

variables included topographic elevation and distance to protected areas as static variables, 

distances to road networks, and built-up areas for 2002 and 2017 as dynamic variables derived 

through Euclidean distance modeling (Enoguanbhor et al., 2020). The model was validated at 

90.3% overall accuracy using the predicted and actual land cover maps for 2019. The final 

simulation was based on extrapolating the past trends of land cover change, with a scenario 

assumption that features future urban spatial patterns without additional determinants of urban 

growth (Enoguanbhor et al., 2020). 

We also collected the regional land use plan from the Abuja Geographic Information Systems 

(AGIS) (AGIS, 2007) and urban land use plan from the Department of Urban and Regional 

Planning (DURP) of FCDA, Abuja  (Fola Consult Ltd, 2011; AS&P and Elsworth, 2008). The 

urban and regional land use plans were developed by International Planning Associates (IPA) 

in 1979 to preserve the natural environment, develop a functional and garden city, improve the 

accessibility of all areas, effective regional development, rapid national economic growth 

(Abubakar, 2014; Jelili et al., 2008). 

2.2.2 Interviews and questionnaires 

The first author conducted semi-structured interviews and administered questionnaires from 4 

July to 5 August 2019. The English-language interviews and questionnaires were designed to 

elicit expert knowledge and opinion from urban and regional planning and environmental 

assessment professionals in the study area. The question structure and content of both 

interviews and questionnaires were based on a prior literature review on land use planning 

challenges and environmental assessment alongside the findings of our previous studies 

Enoguanbhor et al. (2019); Enoguanbhor et al. (2020) and comprised of both closed-ended and 



68 

 

open-ended questions. Participants were recruited to respond to our questions using snowball 

non-probability sampling (Babbie, 2013; Babbie, 2010; Blaxter et al., 2001), beginning with 

the selected contacts of Directors in various departments/agencies. For urban and regional 

planning experts, we distributed and retrieved 25 questionnaires at the target government 

departments/agencies, including the DURP of FCDA (n=10), the Department of Urban and 

Regional Development of the Federal Ministry of Housing, Abuja (n=7). Others included the 

Abuja branch of the Nigerian Institute of Town Planners (NITP; n=4) and the Department of 

Development Control (DDC) of FCDA Abuja (n=4). The work experience of the urban and 

regional planning experts ranges from 0-10 years (20%), 11-20 years (52%), 21-30 years (12%), 

and 31 years and above (16%). The highest academic level completed by the experts constitutes 

Bachelor or equivalent (16%), Masters or equivalent (68%), and PhD or equivalent (16%). 

Additionally, ten environmental assessment experts from various government and private 

offices were recruited for interviews, as listed in Table 4.1. The interview lasted approximately 

40 minutes, was conducted in English, and was transcribed in full. 

Table 4.1: The experts of the environmental assessment interviewed, where EAD is 

Environmental Assessment Department, FMEnvi is Federal Ministry of Environment, AEPB is 

Abuja Environmental Protection Board, DURP is Department of Urban and Regional 

Planning, FCDA is Federal Capital Development Authority, and FMMSD is Federal Ministry 

of Mines and Steel Development 

Department/Agency of experts 
Work 

experience 

Academic level 

completed 

EAD, FMEnvi, Abuja 33 years MSc 

EAD, FMEnvi, Abuja 29 years MSc 

EAD, FMEnvi, Abuja 32 years M.Tech 

EAD, FMEnvi, Abuja 28 years MSc 

AEPB 20 years MSc 

DURP, FCDA, Abuja 8 years MSc 

DURP, FCDA, Abuja 20 years MSc 

Nat Environmental Design Associates 39 years MSc 

Emprana Global Services Ltd 9 years MSc 

EAD, FMMSD 10 years PhD 

2.3 Data analysis 

We quantified the spatial inconsistencies between urban and regional plans using the 

cartographic GIS overlays (Enoguanbhor et al., 2019). First, we digitized and calculated the 

conflict areas that are defined as those areas designated for non-urban development by the 

regional plan but are designated for urban development by the urban plan. Second, we digitized 

and calculated land uses designated e.g., for productive forestry, intensive agriculture within 

the conflict areas. Third, we digitized and calculated the areas designated for urban 
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development by regional plan but not yet defined for urban development by the urban plan. 

Finally, we overlaid and calculated the built-up area in all the digitized areas (e.g., conflict 

areas) for 2017, 2030, and 2050. 

Descriptive statistics were summarised for the expert questionnaire results, using response 

frequencies to assist in identifying variables on challenges facing land use planning. 

Additionally, we analyzed the open questions and interviews qualitatively using the process of 

coding and synthesizing (Bryman, 2016; Maxwell, 2013; Secor, 2010). We sorted and 

synthesized the coded variables and ranked them as inscribed in Table 4.2. Fig. 4.2 summarizes 

the data types and analysis methods. 

Table 4.2: Questionnaire and interview ranking method 

Questionnaire 

Rank 

Symbol 
Number of times a variable 

is identified 
Description 

 X 1-2 Very low 

 XX 3-4 Low 

 XXX 5-6 Moderate 

 XXXX 7 and above High 

Interview    

 X 1-2 Very low 

 XX 3 Low 

 XXX 4 Moderate 

 XXXX 5 and above High 

Source: Modified from Enoguanbhor et al. (2020) 

 

Figure 4.2: Study workflow showing the mix-methods for key challenges of land use planning 

strategies and their environmental assessments 
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3 Results 

3.1 Spatial inconsistencies and the causes between urban and regional plans 

Our results (Table 4.3 and Fig. 4.3) indicated the spatial inconsistencies between urban and 

regional plans and the associated built-up area. While the total conflict area (50.38 km2) 

between urban and regional plan is associated with a 15.67 km2 built-up area in 2017, it may 

be associated with 22.72 km2 and 27.43 km2 built-up areas for 2030 and 2050 respectively. 

Within the conflict area, the land use designated for productive forestry (27.31 km2) is 

associated with a 10.99 km2 built-up area in 2017, in which the association may increase to 

16.22 km2 and 19.34 km2 for 2030 and 2050 respectively. Another land use type identified 

within the conflict area is the land use defined for intensive agriculture, covering a total area of 

15.39 km2, in which 2.73 km2 is lost to built-up in 2017. The result shows that in 2030 and 

2050, the loss of such land use to built-up areas may increase to 3.65 km2 and 4.49 km2 

respectively within the conflict areas. The result shows that the total area (125.32 km2) of land 

proposed for urban development by the regional plan but not yet defined by the urban plan is 

associated with a 10.16 km2 built-up area in 2017 and the associated built-up area may increase 

to 17.95 km2 and 27.16 km2 in 2030 and 2050 respectively. 

Table 4.3: Calculated area of spatial inconsistencies between urban and regional plans and 

the associated current and future built-up area in Abuja city 

Spatial variables Area km2 
Built-up in 

2017 km2 

Built-up in 

2030 km2 

Built-up in 

2050 km2 

1 
Conflict area between urban and 

regional plans 
50.38 15.67 22.72 27.43 

2 

Land use for productive forestry within 

the conflict area between urban and 

regional plans 

27.31 10.99 16.22 19.34 

3 

Land use for intensive agriculture 

within the conflict area between urban 

and regional plans 

15.39 2.73 3.65 4.49 

4 

The area designated for urban 

development by the regional plan but 

not yet defined by the urban plan. 

125.32  10.16 17.95 27.16 
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 Figure 4.3: Spatial inconsistencies between urban and regional land use plans with (a) lands 

for intensive agriculture and productive forestry in the conflict areas and (b) built-up area 

overlays 
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The qualitative results indicated that experts held the spatial inconsistencies between urban and 

regional plans to be a key challenge in land use planning caused by lack of coordination, 

conflicts in administrative boundaries, and conflicts in funding the land use planning process, 

political interference (Table 4.4). Our results showed that the less priority to regional planning 

in Abuja is attributed to lack of political will and interest in regional land use, insufficient 

funding of the regional plan implementation, lack of regional integration concept in planning, 

conflicting planning authorities (e.g., FCDA and area councils), non-town planners in political 

positions (Table 4.4). 

Table 4.4: Causes of spatial inconsistencies between urban and regional plans and less priority 

on regional land use planning based on a survey of experts 

Analyzed topics Identified variables Ranking 

Causes of spatial 

inconsistencies 

between urban and 

regional land use 

plans 

Lack of good coordination xx 

Conflicts in administrative boundaries x 

Political interference x 

Professionalism (incompetency) problems x 

Conflicts in funding the land use planning process x 

Poor Planning x 

Insufficient data (e.g., population, land use) x 

Inadequate implementation of planning laws in Nigeria x 

Causes of less 

priority on regional 

land use planning 

Lack of political will and interest in regional land use xxxx 

Insufficient funding of the regional plan implementation xxx 

Lack of regional integration concept x 

Conflicting planning authorities (e.g., FCT and area councils) x 

Lack of awareness of the importance of regional planning x 

Government’s priority to the capital city x 

Ranking: x = “Very low”; xx = “Low”; xxx = “Moderate”, and; xxxx = “High” 

3.2 The state of land use planning 

Our results (Table 4.5) indicated failures of land use planning in the Abuja city-region, 

including the inconsistencies between the plans and actual development, resettlement and 

integration, poor planning projection, the emergence of informal settlements. However, our 

results (Table 4.5) also captured achievements, including a well-designed urban development 

plan of the capital city, provision of basic infrastructures, and mass housing developments. 
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Table 4.5: The achievements and failures of land use planning based on a survey of experts 

Analyzed topics Identified variables Ranking 

Achievements of 

land use planning  

Well-designed development plans xxxx 

Provision of basic infrastructures x 

Mass housing development x 

Failures of land use 

planning 

Inconsistencies between the plan and actual development xxxx 

Poor resettlement and integration xxxx 

Lack of adequate review of land use plans xx 

Inadequate infrastructures x 

Poor planning projection x 

Congested development x 

 The emergence of informal settlements in the FCT x 

Ranking: x = “Very low”; xx = “Low”; xxx = “Moderate”, and; xxxx = “High” 

We investigated the contributing factors to haphazard urban expansion in peri-urban/satellite 

settlements and our results showed that the inadequate implementation of land use plans (48%), 

the limited spatial scope of the urban plan to the regional plan (36%), and others (16%) 

contribute to the problems. Our results (Table 4.6) indicated the inadequate implementation of 

land use plans is mostly attributed to insufficient funding, lack of political will, inadequate 

manpower, and interference (e.g., local governments, local people, developers). 

Table 4.6: Causes of inadequate implementation of land use plans based on a survey of experts 

Analyzed topics Identified variables Ranking 

Causes of 

inadequate 

implementation of 

land use plans in 

peri-urban/satellite 

settlements 

Insufficient funding xxxx 

Lack of political will xxx 

Inadequate manpower xxx 

Interference (e.g., local governments, local people, developers) xx 

Inadequate development control x 

No proper prosecution of land violations x 

Lack of detailed land use plans in the region x 

Lack of review of the land use plans in the region x 

Non-town planners in political positions x 

 Corruption x 

Ranking: x = “Very low”; xx = “Low”; xxx = “Moderate”, and; xxxx = “High” 

3.3 The state of the environmental assessment of land use planning 

In our results on the environmental assessment of land use planning, 76% of the experts agreed 

that the assessments are being implemented, while 24% disagreed. Among the experts that 

agreed to the implementation of environmental assessments of land use plans, 80% indicated 

that the instrument being used is the EIA, while 20% have no ideas on the instruments. Our 

results indicated that the reasons why the formal SEA process has not been implemented in 

Nigeria are mostly due to weak political will, ignorance of the policy-makers, and inadequate 

technical capacity/professionalism problem (Table 4.7). However, the results suggested that the 

formal SEA process should be implemented in Nigeria. 
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Table 4.7: Implementing the SEA process in Nigeria 

Analyzed topics Identified variables Ranking 

Reasons why the 

formal SEA process 

has not been 

implemented in 

Nigeria 

Weak political will xxx 

Ignorance of the policy-makers xxx 

Lack of technical capacity/professionalism problem xx 

Inadequate funding x 

Inadequate legal instruments (laws and regulations) for SEA x 

Lack of environmental advocacy x 

The inability of the ministries to propose actions for SEA x 

Implementing the 

formal SEA process 

or not in Nigeria  

The formal SEA process should be implemented xxxx 

The formal SEA process should not be implemented - 

Ranking: x = “Very low”; xx = “Low”; xxx = “Moderate”, and; xxxx = “High” 

Our results showed that the challenges facing the impact prediction and evaluation process in 

the environmental assessment of land use planning are mostly attributed to inadequate 

manpower/dearth of professionals. Others include insufficient data availability, lack of relevant 

tools for analysis, inadequate funding, corruption in the system (Table 4.8). Regarding the 

challenges facing the mitigation process in the environmental assessment of land use planning, 

our study identified no strong environmental agencies, lack of monitoring by the agencies, lack 

of good predictions, overlapping functions between the government ministries and agencies, 

lack of understanding of the process, corruption during implementation (Table 4.8). 

Table 4.8: Challenges facing the core process in the environmental assessment of land use 

planning 

Analyzed topics Identified variables Ranking 

The challenges 

facing the impact 

prediction and 

evaluation processes 

in the 

environmental 

assessment of land 

use planning 

Inadequate manpower/dearth of professionals xxxx 

Inadequate relevant tools for analysis xx 

Insufficient data availability x 

Inadequate funding x 

The poorly structured review process x 

Lack of synergy among relevant stakeholders x 

Lack of adequate and effective legal framework x 

Corruption in the system x 

The challenges 

facing the impact 

mitigation process 

in the 

environmental 

assessment of land 

use planning 

Most suggested mitigation measures are not followed xx 

No strong environmental agencies/Lack of monitoring by the agencies xx 

Lack of good predictions x 

Most strategic actions do not go through this process x 

Overlapping functions btw the govt. ministries and agencies x 

Inadequate funding during implementation x 

Implementing most strategic actions without the regulatory bodies x 

Lack of understanding of the process involved x 

Corruption during the implementation of strategic actions x 

Ranking: x = “Very low”; xx = “Low”; xxx = “Moderate”, and; xxxx = “High” 
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3.4 Ways to address challenges for effective land use planning 

While addressing the challenges facing land use planning, our results (Table 4.9) highlighted 

the suggestions from experts, including making the regional planning and development a 

priority, no compromise on political will, consistency between a well-developed plan and 

implementation. Other suggestions include complete relocation and compensation of local 

inhabitants suggested by policy and plans, involving all relevant agencies during plan 

implementation for effective development control, seeking sustainable sources of funding, the 

use of competent experts/professionals. 

Table 4.9: Suggested solutions to land use planning challenges 

Analyzed topic Identified variables Ranking 

Suggestions for 

overcoming land 

use planning 

challenges 

Making regional planning and development a priority xxx 

No compromise on political will xxx 

Consistency between a well-developed plan and implementation xx 

Complete relocation and compensation of local inhabitants suggested 

by policy and plans 
xx 

A reliable master plan x 

Involving all relevant agencies during plan implementation for 

effective development control 
x 

Seek sustainable sources of funding x 

The use of competent experts/professionals x 

Incorporating cultural heritage protection into the master plan x 

Comprehensive analysis of the socio-economic component of the city x 

Proper projection (e.g., population, land use) x 

 Decongestion of city population to other surrounding settlements x 

 Effective security services during the implementation of plans x 

Ranking: x = “Very low”; xx = “Low”; xxx = “Moderate”, and; xxxx = “High” 

4 Discussion 

This study provides the first comprehensive investigation on land use planning and the 

environmental assessment challenges in relation to urban land dynamics in the Abuja city-

region, Nigeria. We combined data derived from GIS/RS and surveys of experts to investigate 

such challenges for the purpose of improving the urban and environmental sustainability of 

city-regions. 

4.1 Findings 

Our findings from GIS/RS analysis indicate the spatial inconsistencies between urban and 

regional land use plans and the associated built-up areas, as well as the loss of land use 

designated for productive forestry and intensive agriculture in the conflict areas (Table 4.3 and 

Fig. 4.3). The loss of land use designated for productive forestry and intensive agriculture in 
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the conflict areas, which are attributed to unguided urban expansion patterns due to spatial 

inconsistencies of the plans may increase as future urban land continues to expand into the 

conflict areas. Experts held the spatial inconsistencies between urban and regional plans to be 

a key challenge in land use planning caused by lack of coordination, conflicts in administrative 

boundaries, conflicts in funding the land use planning process, and political interference (Table 

4.4). These findings are similar to that of Goodfellow (2013) who claims that political 

interference is a major challenge to urban development, particularly on the implementation 

process of urban planning in Kampala, Uganda, and Kigali, Rwanda. The problems of spatial 

inconsistencies between urban and regional land use plans are also associated with less priority 

given to regional development planning, to the point that it is often nearly neglected in urban 

planning regimes, as reported by (Wahab et al., 2014). Our finding showed that the less priority 

to regional planning in Abuja is attributed to lack of political will and interest in regional land 

use, insufficient funding of the regional plan implementation, lack of regional integration 

concept in planning, conflicting planning authorities (e.g., FCDA and area councils), and non-

town planners in political positions (Table 4.4). 

Regarding the investigation on the state of land use planning, our findings indicated failures of 

land use planning in the Abuja city-region, including the inconsistencies between the plans and 

actual development, resettlement and integration, poor planning projection, the emergence of 

informal settlements (Table 4.5). Some findings e.g., inconsistencies between the land use plans 

and actual urban development and poor planning projection confirm other findings 

(Enoguanbhor et al., 2019; Enoguanbhor et al., 2020). However, the findings also capture 

achievements, including a well-designed urban development plan of the capital city, provision 

of basic infrastructures, and mass housing developments. The investigation on contributing 

factors to haphazard urban expansion in peri-urban/satellite settlements showed that the 

inadequate implementation of land use plans and the limited spatial scope of the urban plan to 

the regional plan contribute to the problems. The findings indicate the inadequate 

implementation of land use plans is attributed to insufficient funding, lack of political will, 

inadequate manpower, interference (e.g., local governments, local people, developers), and 

corruption (Table 4.6). Our findings on corruption and inadequate manpower are similar to that 

of Mwathunga and Donaldson (2018) who reported the lack of human and technological 

capacity, corruption, as challenges facing land use planning in Malawi’s main urban centers. 

Our findings on insufficient funding coincide with those of Dano et al. (2020); Kleemann et al. 
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(2017) who reported similar cases of land use planning challenges for Lagos, Nigeria, and the 

Takoradi and Bolgatanga regions of Ghana. 

The investigation on the state of the environmental assessment of land use planning shows that 

the assessments are being implemented but with the use of EIA instruments, which has a limited 

scope to address the higher-level environmental assessment of land use planning as a strategic 

action (Bodde and Van der Wel, 2018; OECD, 2006). The SEA or Para-SEA instruments for 

land use planning have not been implemented and this supports the findings of Ogbonna and 

Albrecht (2015) who reported the lack of SEA implementation in Nigeria. Our study identifies 

the reasons why the formal SEA process has not been implemented in Nigeria, including weak 

political will, ignorance of the policy-makers, inadequate technical capacity/professionalism 

problem (Table 4.7). However, our finding suggests that the formal SEA process should be 

implemented in Nigeria. Reasons given by interviewees for this included improving 

environmental sustainability, creating synergy among relevant stakeholders, making the EIA 

process achievable, addressing socio-cultural conflicts from policy, planning, and program 

implementation within the multi-ethnic nation. The opinion of the experts to implement the 

formal SEA process supports the findings of Therivel and González (2020), who show that the 

benefits of implementing SEA can vastly exceed the costs especially if it leads to 

environmentally-friendly development of the plans. Our findings showed that the challenges 

facing the impact prediction and evaluation process in the environmental assessment of land 

use planning, and thus also any potential SEA-process, include insufficient data availability, 

lack of relevant tools for analysis, inadequate manpower/dearth of professionals, inadequate 

funding, corruption in the system (Table 4.8). Our finding on insufficient data availability is 

similar to that of Xia et al. (2018); Ofori  (2005) who reported inadequate data as a challenge 

facing the environmental assessment process in China and Ghana respectively. Our finding on 

inadequate funding as a challenge to implementing the environmental assessment process has 

also been shown in Columbia and Vietnam (Dávila et al., 2019; Slunge and Tran, 2014). 

Regarding the challenges facing the mitigation process in the environmental assessment of land 

use planning, our study identified no strong environmental agencies, lack of monitoring by the 

agencies, lack of good predictions, overlapping functions between the government ministries 

and agencies, lack of understanding of the process, corruption during implementation (Table 

4.8). 

Addressing the challenges facing land use planning, our study highlighted the suggestions, 

including making the regional planning and development a priority, no compromise on political 
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will, consistency between a well-developed plan and implementation (Table 4.9). Other 

suggestions include complete relocation and compensation of local inhabitants suggested by 

policy and plans, involving all relevant agencies during plan implementation for effective 

development control, seeking sustainable sources of funding, the use of competent 

experts/professionals. 

4.2 Implications of the findings 

An important implication of our findings addresses the spatial inconsistencies between urban 

and regional plans as a key challenge facing land use planning. This underscores the necessity 

to address the causes of such inconsistencies (e.g., lack of coordination, conflicts in 

administrative boundaries, conflicts in funding the land use planning process, political 

interference) to review the existing land use plans for sustainable development. Such 

inconsistencies (e.g., the spatial conflicts) might have contributed to spatial urban expansion on 

land designated for non-urban development, particularly, productive forestry and intensive 

agriculture (Fig. 4.3 and Table 4.3), posing challenges to improve environmental sustainability. 

This inconsistency is exemplified by the urban plan phase I extension and phase IV-A designed 

to provide urban functions, including residential, industrial, town park, neighborhood and 

district centers, and educational areas within the land uses initially designated for productive 

forestry and intensive agriculture by the regional plan (AGIS, 2007; Fola Consult Ltd, 2011; 

AS&P and Elsworth, 2008). The loss of land use designated for productive forestry and 

intensive agriculture by urban development may be associated with the loss of ecosystem 

services (e.g., food, fuel, and fiber) provided by such land uses (Xu et al., 2020; Calzolari et al., 

2020; Xie et al., 2018; Swinton et al., 2007; Enoguanbhor et al, 2019). However, while the 

urban plan phase I extension has been implemented, the phase IV-A has not been implemented, 

implying that the urban functions (e.g., industrial, town park, neighborhood, and district 

centers) have not been achieved in those conflict areas, leaving the areas with haphazard urban 

expansion patterns. The spatial inconsistency of the land designated for urban development by 

the regional plan but not yet defined by the urban plan for urban development might have 

contributed to haphazard urban expansion patterns in those areas, posing challenges towards 

creating a functional urban environment. Additionally, the inadequate implementation of land 

use plans in peri-urban/satellite settlements contributed to haphazard urban expansion patterns 

in those areas. This is the case for Gwagwalada, Kuje, Zuba, Kubwa, Bwari informal 

settlements that feature haphazard urban developments (Enoguanbhor et al, 2019). 
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Another implication of our findings is the failure of the land use planning process to address, 

e.g., the emergence of informal settlements, which are settlements made up of the majority of 

urban growth in Sub-Saharan Africa (Lall et al., 2017; Zubair et al., 2015; Freire et al., 2014; 

Hauer et al., 2018; Schug et al., 2018) and are featured by housing deterioration and the zone 

for low-income earners (Gottdiener et al., 2016). Such settlements are notoriously hard to plan 

and restructure. The urban spatial patterns in informal settlements are associated with poor 

sanitary environments that affect the health of urban dwellers (Enoguanbhor et al, 2020). The 

inadequate implementation of land use plans, which is attributed to insufficient funding, lack 

of political will, inadequate manpower, interference, corruption, implies that the land use 

planning process alone cannot address the haphazard urban expansion problems in peri-

urban/satellite settlements if the attributed causes are not addressed. 

An additional implication of our findings is the non-applicability of the formal SEA or para-

SEA process in land use planning, indicating inadequate environmental and social impacts 

assessments of land use plans that may contribute to haphazard urban expansion patterns and 

the environmental impacts. For example, the cumulative environmental impacts of road 

networks and institutions of higher learning as elements of urban planning and development 

may not be assessed effectively at the urban and regional scales without the SEA process. The 

implication of adopting the EIA instrument to predict the environmental impacts of land use 

planning can also be associated with inadequate impact assessments due to the limited scope of 

EIA to assess the higher-level environmental impacts of land use planning. The situation is 

similar to the majority of cases in Peru SEA with project-level impact assessments (Biehl et al., 

2019). The non-applicability of the formal SEA/para-SEA or the applicability of the EIA may 

hinder achieving the social, economic, and environmental goals of land use planning. The SEA 

of land use planning may improve the social, economic, and environmental goals of the plans. 

However, the process may not bring a total solution to haphazard urban expansion in peri-

urban/satellite settlements, especially if similar challenges associated with the current EIA 

process (e.g., overlapping functions between the government ministries and agencies, 

corruption during implementation, inadequate funding) are not addressed. 

4.3 Limitations 

One limitation of the present study is the unavailability of the urban plans for peri-

urban/satellite settlements. The available land use plans used for this study are the phases I, II, 

III, and IV-A of the Abuja city and the regional land use plan of the entire region. This situation 

did not allow the quantification of the spatial inconsistencies between urban and regional plans 
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in Abuja city phase IV-B and peri-urban/satellite settlements, thus limited the quantification to 

Abuja city Phases I-IV-A. Another limitation can be linked to the intentional/unintentional 

response bias in the survey data that could not be detected in our study. An additional limitation 

is our inability to go into detailed land use planning and environmental assessment processes, 

as well as the actors, including the public participation due to the thematic scope of the study 

focusing on key challenges of land use planning and environmental assessments from a holistic 

point of view. 

4.4 Recommendations 

In addition to the recommendation from experts on addressing key challenges for effective land 

use planning, we recommend the following: 

First, to avert the spatial inconsistencies between urban and regional plans, sufficient and 

updated data on land use/cover and population should be made available for urban and regional 

planners. Also, conflicts in administrative boundaries at the local government and county levels 

should be resolved. Additionally, there should be adequate coordination at various levels of 

planning (e.g., local, urban, regional) and among planning authorities (e.g., FCDA, local 

governments) during the land use planning process. 

Second, regarding the inadequate implementation of land use planning as a contributing factor 

to haphazard urban expansion in peri-urban/satellite settlements, there should be available 

detailed urban plans for those regions and such plans should undergo constant reviews. Also, 

adequate development control should be implemented to avert land use violations. Additionally, 

proper prosecution of land use violations should be implemented under the legal and 

administrative frameworks/guidelines. Furthermore, the lack of regional integration concept in 

planning as one of the causes of less priority to regional planning should be addressed in all 

land use planning processes, including the implementation process. 

Third, regarding the state of environmental assessments of land use planning, efforts should be 

made to implement the formal SEA process or develop the para-SEA process to conduct the 

effective environmental assessment of land use planning and improving environmental 

sustainability. This could be used to regulate the spatial arrangements of urban elements away 

from environmentally sensitive areas. While implementing the SEA/para-SEA process, the 

problems (e.g., overlapping functions between the government ministries and agencies, 

corruption during implementation, inadequate funding) associated with the impact prediction, 

evaluation, and mitigation of the current EIA process should be addressed in the SEA process 
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of land use planning. Also, the social and cultural heritage assessments of land use planning 

should be given priority during the SEA process of land use planning to reduce or eliminate 

socio-cultural conflicts and protect the cultural heritage. Additionally, the general SEA process 

of land use planning may adopt that of the EU systems, especially when dealing with the 

potential significant environmental issues due to the successful implementation of the process 

within the EU region (Kläne and Albrecht, 2005). However, in specific areas e.g., cultural, 

social, and economic aspects of the SEA can be modified by considering the socio-cultural and 

economic conditions of the people being planned for. For example, the perceptions of Africans 

on what they value as cultural heritage may be different from that of the Europeans. Therefore, 

the peoples’ opinions should always be evaluated and incorporated into land use planning and 

SEA processes to improve urban and environmental sustainability. 

Finally, future research should incorporate urban plans of peri-urban/satellite settlements on 

spatial planning inconsistencies and the associated built-up areas of the entire city-region as 

well as the state of public participation in land use planning and environmental assessment 

processes. 

4 Conclusions  

We combined GIS/RS and survey-based data to investigate key challenges of land use planning 

strategies and their environmental assessments for the purpose of improving the urban and 

environmental sustainability of city-regions. 

We found multiple inconsistencies (e.g., spatial conflicts) between urban and regional plans 

and the associated built-up areas caused by lack of good coordination, conflicts in 

administrative boundaries, insufficient data, and professionalism/incompetence. While 

investigating the state of land use planning, our study showed that land use planning failed to 

address the inconsistencies between the plan and actual development, poor resettlement and 

integration, poor planning projection, the emergence of informal settlements. However, the 

achievements of land use planning are the well-designed urban development plan of the capital 

city, provision of basic infrastructures, and mass housing developments. The process of land 

use planning contributing to haphazard urban expansion in peri-urban/satellite settlements is 

attributed to the inadequate implementation of land use plans. The inadequate implementation 

of land use plans is caused by insufficient funding, lack of political will, inadequate manpower, 

interference (e.g., local governments, local people, developers), and corruption. While 

investigating the state of the environmental assessment of land use planning, our study showed 
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that there is a lack of formal SEA process or/and para-SEA process caused by weak political 

will, ignorance of the policy-makers, lack of technical capacity/professionalism problems. 

However, the environmental assessments of land use planning as a strategic action are being 

implemented using the EIA instrument, which is primarily designed for assessing the 

environmental impacts of project actions. The impact prediction and evaluation as the core 

process in the current environmental assessment of land use planning are being challenged by 

inadequate manpower/dearth of professionals, inadequate relevant tools for analysis, 

insufficient data availability. The mitigation as an additional core process in the environmental 

assessment of land use planning is being challenged by not following the suggested mitigation 

measures, no strong environmental agencies/lack of monitoring by the agencies, overlapping 

functions between the government ministries and agencies. Our findings on addressing the key 

challenges (e.g., consistency between a well-developed plan and implementation) for effective 

land use planning and integrating the SEA or Para-SEA process into the land use planning 

process would probably improve achieving the environmental goal of land use planning. 

The baseline information provided in this study is crucial to improving strategic planning and 

urban/environmental sustainability of city-regions in Sub-Saharan Africa and across the Global 

South, where land use planning faces similar challenges to address the haphazard urban 

expansion patterns. Future research should incorporate the urban plans of peri-urban/satellite 

settlements to quantify the spatial inconsistencies between urban and regional plans, and the 

associated built-up areas of the entire city-region and investigate the state of public participation 

in the processes of land use planning and environmental assessment. 
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Chapter 5  
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1 Summary 

The goal of this research is to contribute to effective land use planning for improving urban and 

environmental sustainability using integrated empirical data derived from GIS, RS, and surveys 

to offer detailed and new insights into urban land dynamics. Using the Abuja city-region, 

Nigeria as a case study, which is a city-region developed from scratch with land use planning 

strategies and instruments, the research investigated the past, current, and possible future urban 

dynamics in the context of land use planning and its challenges in Sub-Saharan Africa. In Sub-

Saharan Africa, including Abuja, Nigeria, previous urban studies showed various 

environmental degradation (e.g., removal of vegetation) of urban dynamics that feature rapid 

urban expansion to the detriments of land uses for non-urban development (Sumari et al., 2020; 

Mohamed et al., 2020; Mahmoud et al., 2016; Tope-Ajayi et al, 2016; Ade and Afolabi, 2013). 

Also, previous studies investigated either the past and/or future urban dynamics, however, 

without developing alternative spatial planning scenarios to investigate the possibilities for 

balancing the need for urban expansion and the protection of environmentally sensitive areas. 

The current study developed the RLUP and AUL spatial planning scenarios of the possible 

future urban dynamics to investigate the possibilities of balancing the need for urban expansion 

and the protection of environmentally sensitive areas of Abuja city and the surrounding 

settlements, where rapid urbanization and urban expansion occur (Chapter 3). Also, the research 

investigated the mismatches/spatial inconsistencies between urban and regional land use plans, 

the actual developments as well as the causes of such inconsistencies as key challenges for land 

use planning (Chapters 2 and 4). The research findings of Chapters 2, 3, and 4 are summarized 

with respect to research aims and specific objectives as stated in Chapter 1. 

Chapter 2 aimed to integrate GIS and open access RS data to examine spatial trends of urban 

land cover in Abuja, Nigeria between 1987 and 2017 for the purpose of providing baseline 

information to support land use planning. The findings on visualization and quantification of 

the spatial patterns of land cover types for 1987, 2002, and 2017 (objective 1 of Chapter 2) 

indicated an increase in urban/built-up and bare land cover types, corresponding to a decrease 

in vegetation cover from 1987 to 2017. The findings on quantification of the land cover 

transitions between urban/built-up and vegetation, bare land, and water (objective 2 of Chapter 

2) showed the largest observed transition featured urban growth in place of vegetation. The 

computation of the net change of land cover types between 1987, 2002, and 2017 (objective 3 

of Chapter 2) indicated the highest observed net changes in land cover types were vegetation, 

followed by urban/built-up, and bare land. The quantification of the mismatches between 
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urban/built-up and the urban and regional land use plans (objective 4 of Chapter 2) indicated 

large mismatches, where portions of the land designated for protected areas, intensive 

agriculture, and animal husbandry, now replaced with unplanned and haphazard urban 

development. 

Chapter 3 aimed to integrate empirical data derived from GIS, RS, and survey of experts to 

offer insights into the possible future urban expansion under spatial planning scenarios to 

support land use planning and environmental sustainability of city-regions. The investigation 

on spatial determinants of urban expansion to select the driver variables for future urban 

expansion (objective 1 of Chapter 3) indicated distances to roads, CBDs, higher institutions, 

shopping centers, urban planned areas, water bodies, and degrees of the slope as positively 

associated with urban expansion patterns. Conversely, the level of elevation and distance to 

protected areas are negatively associated with urban expansion patterns. Using expert 

interviews to guide the development of scenarios to simulate urban expansion (objective 2 of 

Chapter 3), the findings showed that the BAU and AUL scenarios simulated land cover from 

2017 to 2050 and the RLUP scenario simulated until 2030. While contrasting experts’ opinions 

on the potential future demands for urban land expansion under different scenario 

implementation (objective 3 of Chapter 3), the findings indicated contradicting opinions from 

experts. The findings indicated that a very high number of experts opined that the land will be 

or not be sufficient for current and future developments. Also, the study showed that a very 

high number of experts suggested that the settlements (e.g., Lugbe town) that emerged through 

leapfrogging should not be evacuated but integrated into the master plan and urban renewal and 

strict protection of the remaining forests should be adhered to. However, a high number of 

experts suggested that such settlements should be evacuated to implement the master plan. The 

quantification of the potential degradation of environmentally sensitive areas by the possible 

future urban expansion (objective 4 of Chapter 3) indicated a high, little, and no potential 

degradation of environmentally sensitive areas by the future urban expansion under the BAU, 

AUL, and RLUP scenarios, respectively. 

Chapter 4 aimed to combine GIS/RS and survey-based data to investigate the key challenges of 

land use planning strategies and their environmental assessments for the purpose of improving 

the urban and environmental sustainability of city-regions. The investigation on spatial 

inconsistencies and the causes between urban and regional plans, as well as the associated 

conflicts between the built-up areas and other land uses (objective 1 of Chapter 4) indicated 

multiple inconsistencies (e.g., spatial conflicts) between urban and regional plans. The findings 
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showed the associated conflicts between the built-up areas and land uses designated for 

productive forestry and intensive agriculture, indicating loss of the land uses to urban/built-up. 

The study showed that such inconsistencies are caused by conflicts in administrative 

boundaries, conflicts in funding the land use planning process, and lack of good coordination. 

The investigation on the state of land use planning (objective 2 of Chapter 4) showed that land 

use planning failed to address the inconsistencies between the plan and actual development, 

poor resettlement and integration, poor planning projection, and the emergence of informal 

settlements. However, the findings showed the achievements of land use planning, including 

the well-designed urban development plan of the capital city, provision of basic infrastructures, 

and mass housing developments. The finding indicated that the process of land use planning 

contributing to haphazard urban expansion in peri-urban/satellite settlements is attributed to the 

inadequate implementation of land use plans. Additionally, the study showed that the 

inadequate implementation of land use plans is caused by insufficient funding, lack of political 

will, inadequate manpower, interference (e.g., local governments, local people, developers), 

and corruption. The investigation on the environmental assessment of land use planning 

(objective 3 of Chapter 4) showed that there is a lack of formal SEA process or/and para-SEA 

process caused by weak political will, ignorance of the policy-makers, lack of technical 

capacity/professionalism problems. The findings showed that the environmental assessments 

of land use planning as a strategic action are being implemented using the EIA instrument, 

which is primarily designed for assessing the environmental impacts of project actions. The 

impact prediction and evaluation as the core process in the current environmental assessment 

of land use planning are being challenged by inadequate manpower/dearth of professionals, 

inadequate relevant tools for analysis, and insufficient data availability. The mitigation as an 

additional core process in the environmental assessment of land use planning is being 

challenged by not following the suggested mitigation measures, no strong environmental 

agencies, lack of monitoring by the agencies, and overlapping functions between the 

government ministries and agencies. The investigation on addressing the key challenges for 

effective land use planning (objective 4 of Chapter 4) indicated making the regional planning 

and development a priority, no compromise on political will, consistency between a well-

developed plan and implementation. Additionally, complete relocation and compensation of 

local inhabitants suggested by policy and plans, involving all relevant agencies during plan 

implementation for effective development control, seeking sustainable sources of funding, and 

the use of competent experts/professionals.  
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2 Main conclusions and implications 

This dissertation contributed to effective land use planning for improving urban and 

environmental sustainability using integrated empirical data derived from GIS, RS, and surveys 

to offer detailed and new insights into urban land dynamics. The research contributed to current 

literature on land use planning, urban, and environmental sustainability by developing the AUL 

scenario of future urban expansion to quantify the associated environmentally sensitive areas 

that may be degraded. This helps to determine the possibility of balancing the need for urban 

expansion and the protection of environmentally sensitive areas (Chapter 3). Also, by 

quantifying the mismatches between the various land uses designated by the regional plan and 

the actual urban development (Chapter 2). Additionally, by quantifying the spatial 

inconsistencies between urban and regional plans caused by conflicts in administrative 

boundaries, conflicts in funding the land use planning process, and lack of good coordination. 

The spatial inconsistencies between the plans are associated with spatial conflicts between the 

current/future urban growth and the proposed land use for productive forestry and intensive 

agriculture (Chapter 4). 

The following main conclusions and implications are presented based on key research findings 

of this dissertation. 

Regarding the spatial trends of urban land cover in Abuja, Nigeria between 1987 and 2017, the 

large mismatches between the actual urban land cover change and the regional land use plan 

indicated ineffective implementation of the regional land use plan to guide urban expansion 

patterns over three decades. This resulted in the loss of land use designated for intensive 

agriculture, animal husbandry, and protected areas to unguided urban developments, especially 

in peri-urban/satellite settlements. The main implications are the loss of natural ecosystems and 

agricultural resources (Chen et al., 2020; McDonald et al., 2018; Huang et al., 2018; Seto et al., 

2012) certain to pose future challenges to environmental sustainability and sustainable urban 

development in the city-region. The expansion of urban land use into protected areas is 

associated with deforestation, habitat loss, and increased risk of biodiversity loss. The loss of 

land designated for intensive agriculture is associated with direct negative impacts on local food 

availability and soil health, both of which are vital elements of urban and environmental 

sustainability. Furthermore, the patterns of urban expansion beyond the scope of urban land use 

plans contributed to the development of informal settlements, especially in peri-urban/satellite 

settlements. Such settlements also pose challenges to land use planning (urban renewal) for 

urban and environmental sustainability as they are difficult to plan due to the haphazard and 
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leapfrogged spatial patterns (Mahmoud et al., 2016; Ade and Afolabi, 2013; Mohamed et al., 

2020; Agyemang and Silva, 2019; Chen et al., 2017; Enoguanbhor et al., 2019; Enoguanbhor 

et al., 2020).  

Concerning the possible future urban dynamics, the environmentally sensitive areas designated 

by land use plans can be protected despite the need and high rate of urban expansion in city-

regions. This can be achieved by using the AUL as a spatial planning scenario to guide the 

possible future urban dynamics. With little degradation of environmentally sensitive areas by 

the possible future urban dynamics under the AUL scenario shows the possibility of balancing 

the need for urban expansion and the protection of environmentally sensitive areas in city-

regions. One positive implication of adopting the AUL scenario to guide the possible future 

urban dynamics is that it simulated urban land to 2050 with the availability of space for urban 

expansion and protected environmentally sensitive areas. This implies that the scenario may 

allocate enough space to meet the need for urban expansion (e.g., creating a functional urban 

environment) and achieving the environmental objective of land use planning to improve urban 

and environmental sustainability. Also, the scenario has the potential to support the economic 

objective of land use planning, considering saving the cost of evacuating the major leapfrogged 

settlements and resettlements (e.g., Lugbe town). Additionally, the scenario would help in 

preserving the socio-cultural heritage/surroundings within the leapfrogged settlements that are 

not under evacuation. The negative implication of the AUL scenario is that some portion of 

land designated for non-urban development (e.g., intensive agriculture, animal husbandry, 

forest reserves) by the regional plan may not be reclaimed for the initial purpose. The general 

implication of the AUL as a spatial planning alternative scenario is that it can be used to mitigate 

the potential high degradation of environmentally sensitive areas by the possible future urban 

expansion under the BAU scenario. Also, the scenario would meet the future land demand for 

urban development, which the RLUP scenario could not meet. The potential high degradation 

of environmentally sensitive areas by the possible future urban expansion under the BAU 

scenario indicated the challenge on environmental sustainability. If the alternative scenarios 

(e.g., AUL) are not applied, the BAU scenario would still pose critical challenges to urban and 

environmental sustainability. An implication of the BAU scenario can also be linked to the loss 

of natural ecosystems and agricultural resources to current and future urban dynamics (Chen et 

al., 2020; McDonald et al., 2018; Huang et al., 2018; Seto et al., 2012). Also, the scenario may 

be associated with haphazard and urban leapfrogging (informal settlements) that may be more 

difficult to plan for urban and environmental sustainability (Mahmoud et al., 2016; Ade and 
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Afolabi, 2013; Mohamed et al., 2020; Agyemang and Silva, 2019; Chen et al., 2017; 

Enoguanbhor et al., 2019; Enoguanbhor et al., 2020). 

Regarding key challenges for land use planning and environmental assessments, land use 

planning strategies are challenged with numerous factors, including multiple spatial 

inconsistencies (e.g., spatial conflicts) between urban and regional plans caused by conflicts in 

administrative boundaries, conflicts in funding the land use planning process, and lack of good 

coordination. The spatial inconsistencies are associated with spatial conflicts between the 

current urban developments and land use designated for productive forestry and intensive 

agriculture by the regional plan. The inconsistencies may be associated with conflicts between 

the possible future urban dynamics and the same proposed land use types, especially if the 

causes are not addressed to review the existing urban and regional land use plans. One negative 

implication of the spatial inconsistencies is the continuous loss of land use designated for 

productive forestry and intensive agriculture. This may be associated with the loss of ecosystem 

services (e.g., food, fuel, and fiber) provided by such land uses (Xu et al., 2020; Calzolari et al., 

2020; Enoguanbhor et al, 2019; Xie et al., 2018; Swinton et al., 2007), which are vital for urban 

and environmental sustainability. The spatial inconsistency of the land designated for urban 

development by the regional plan but not yet defined by the urban plan for urban development 

may contribute to haphazard urban expansion patterns in those areas, posing challenges towards 

creating a functional urban environment and improving environmental sustainability. An 

important implication of the findings on the non-applicability of the formal SEA or para-SEA 

process in land use planning indicates inadequate environmental and social impact assessments 

of land use plans that may contribute to haphazard and leapfrogged urban expansion patterns 

with additional environmental and social impacts. The implication of adopting the EIA 

instrument to predict the environmental impacts of land use planning can also be associated 

with inadequate impact assessments. This is due to the limited scope of EIA to assess the higher-

level environmental impacts of land use planning (Wu and Ma, 2019; Wu and Ma, 2018; Bodde 

and Van der Wel, 2018; OECD, 2006). The inadequate implementation of land use plans, which 

is attributed to insufficient funding, lack of political will, inadequate manpower, interference, 

corruption, implies that the land use planning process alone cannot address the haphazard urban 

expansion problems in peri-urban/satellite settlements if the attributed causes are not addressed. 

3 Outlook 

This research advanced the understanding of urban land dynamics in relation to land use 

planning as a strategic instrument for guiding urban expansion spatial patterns and improving 
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the urban and environmental sustainability of city-regions. Of particular importance is the 

development of the RLUP and AUL as spatial planning scenarios to guide the possible future 

urban land dynamics, in which the AUL concept provided the possibility of balancing the need 

for urban expansion and the protection of environmentally sensitive areas. The baseline 

information derived from the AUL scenario and other insights (e.g., mismatches/spatial 

inconsistencies between land use plan, as well as urban developments) may be useful to 

improve achieving the United Nations' sustainable development goal of “making cities and 

human settlements inclusive, safe, resilient, and sustainable” (United Nations, 2019, p. 44). 

While the data used to obtain the research results were derived empirically, some gaps were 

detected in the results that could not be investigated due to the thematic scope of the research. 

However, such research gaps open opportunities for future investigations. The research gaps 

and the recommended follow-up research are summarized below: 

First, the RLUP and AUL spatial planning scenarios of urban growth modeling could not 

restrict the pixels’ data within the already implemented urban plan from changing their 

functions (Chapter 3). Relating to the real-world situation, urban land use in those areas is not 

expected to change its functions, especially if urban renewal is not expected to take place. This 

would pose a limitation on clarifying the future uncertainties regarding the potential future 

demands for urban land expansion under RLUP and AUL scenarios. Also, the AUL scenario 

which is claimed to be the best among the three scenarios to meet the needs for urban expansion 

and the protection of environmentally sensitive areas (Enoguanbhor et al., 2020) could not 

consider other important environmental components (e.g., land for intensive agriculture) into 

the simulation model. This would pose a challenge in implementing the scenario for effective 

sustainable development of the city-region because soil health and local food availability are 

vital elements of environmental and urban sustainability (Enoguanbhor et al., 2019). 

Additionally, the AUL scenario could not establish a threshold for defining the major 

leapfrogged settlements to be incorporated into the scenario for simulation. This would pose a 

challenge in selecting the leapfrogged settlements to under-go demolition and the ones to be 

retained to meet the need for urban expansion. Therefore, follow-up research is required to 

bridge these research gaps by improving the RLUP and AUL spatial planning scenarios of urban 

growth modeling through the restriction of the pixels from changing their functions within the 

already implemented urban plan areas. Also, incorporating other environmentally sensitive 

areas and defining a threshold to ascertain the major leapfrogged settlements to be included in 

the model are recommended through follow-up research. 
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Second, the AUL scenario has not been applied to simulate the possible future urban dynamics 

and the associated environmental degradation in other Sub-Saharan city-regions. This would 

pose a question of transferability, applicability, and comparison regarding the claim that the 

scenario would be the best to meet the need for urban expansion and the protection of 

environmentally sensitive areas in Sub-Saharan Africa. Therefore, follow-up research is 

recommended to implement the scenario in other Sub-Saharan African city-regions for 

transferability and comparison of the scenario. 

Third, the spatial inconsistencies between urban and regional land use plans as well as the 

mismatches between the land use plans and actual urban developments may be associated with 

the loss of agricultural output, ecosystem services, and urban functions (Xu et al., 2020; 

Calzolari et al., 2020; Enoguanbhor et al., 2019; Xie et al., 2018; Swinton et al., 2007; Fola 

Consult Ltd, 2011; AS&P, 2008; AGIS, 2007) (Chapters 2 and 4). However, this research could 

not ascertain the level of the loss of ecosystem services and urban functions to draw absolute 

conclusions to support land use planning, urban, and environmental sustainability. Also, the 

research could not provide detailed insights into land use planning and environmental 

assessment processes, the actors, including the public participation process. Therefore, follow-

up research is required to extend the thematic scope, also from regional to local/county levels 

to quantify the loss of ecosystem services and urban functions as a result of the spatial 

inconsistencies between urban and regional land use plans as wells as the mismatches between 

the land use plans and actual urban developments. Additionally, the land use planning and 

environmental assessment processes, the actors, including the public participation process 

should be investigated. 

In summary, this dissertation provided detailed and new insights into urban land dynamics in 

relation to land use planning strategies and instruments for guiding urban expansion patterns 

and improving urban and environmental sustainability. In doing so, the research approach 

integrated empirical data derived from GIS, RS, and surveys to investigate the past, current, 

and possible future urban dynamics with land use planning. There are large mismatches 

between the land use plans and the actual urban developments. Spatial inconsistencies between 

urban and regional land use plans as well as the associated urban developments caused by 

conflicts in administrative boundaries, conflicts in funding the land use planning process, and 

lack of good coordination were observed. Regarding the future urban dynamics, the BAU 

scenario for urban growth modeling indicated a high level of environmentally sensitive area 

degradation by future urban expansion. The RLUP scenario featured no degradation of 



92 

 

environmentally sensitive areas by future urban expansion but the scenario could not simulate 

to 2050, indicating a limited supply of land for future urban land demand. The AUL scenario 

featured little degradation of environmentally sensitive areas by future urban expansion and 

simulated to 2050, indicating the possibility to balance the need for urban expansion and the 

protection of environmentally sensitive areas from future urban dynamics. Based on these 

findings, effective land use planning for urban and environmental sustainability can be 

improved using the AUL spatial planning concept to guide future urban dynamics. Also, by 

addressing the key challenges associated with land use planning strategies (including the spatial 

inconsistencies between urban and regional plans) in Sub-Saharan African city-regions and 

across the Global South, where land use planning strategies face similar challenges to address 

the haphazard urban land dynamics. 
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Appendix 1: Questionnaire for urban and regional planning experts 

I am Evidence C. Enoguanbhor, a PhD student of Geography (Applied Geoinformation 

Science), Humboldt University of Berlin, Germany. I am researching urban land dynamics and 

land use planning in the Abuja city-region. This survey will take a few minutes. Thank you for 

your time; your input is greatly appreciated and will help us to provide information to improve 

land use planning, urban, and environmental sustainability. 

Section A: General information 

1. Work experience. 

(a) 0 - 10 years. 

(b) 11 - 20 years. 

(c) 21 - 30 years. 

(d) 31 years and above. 

2. Highest academic level completed. 

(e) Ordinary Level. 

(f) Advanced Level, OND, NCE, or equivalents. 

(g) HND, BSc, BA, or equivalents. 

(h) MSc, MA, or equivalents. 

(i) PhD or equivalents. 

Section B: Questions on spatial determinants of urban expansion 

3. Besides each of the spatial variables presented below, please, indicate how the variables 

are associated with urban expansion spatial patterns in Abuja city and the surrounding 

settlements. 

 Spatial variables 
Positive 

association 

Negative 

association 

No 

association 

(a) Level of elevation.    

(b) Degrees of slope.    

(c) Water bodies such as lakes, rivers.    

(d) Road network.    

(e) Central Business Districts.    

(f) Institutions of higher learning.    

(g) Shopping centers.    
(h) Urban planned areas.    
(i) Protected area.    
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Section C: Questions on land use planning challenges 

4. From our observation, there are spatial inconsistencies (e.g., spatial conflicts) between 

urban and regional land use plans. What are the causes? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………….…………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………. 

5. From your experience, which of the two levels of land use planning has received less 

priority? 

(a) Regional land use planning. 

(b) Urban land use planning. 

(c) I do not know. 

6. If you answered either “Regional land use planning” or “Urban land use planning” to 

question 5, what are the causes? 

 ……………………………………………………………………………………………….. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………..  

7. From a planning point of view, what is the main contributing factor to the unguided 

urban expansion in peri-urban/satellite settlements of FCT Abuja? 

(a) Inadequate implementation of land use plans. 

(b) The limited scope of urban plans in relation to the regional plan. 

(c) I do not know. 

(d) Others ………………………………………………………………………………………. 

8. If you answered “Inadequate implementation of land use plans” to question 7, what are 

the challenges facing the implementation process? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………. 

9. Are the environmental assessments of land use planning being conducted to support the 

decision-making process on the land use plan to be implemented? 



114 

 

(a) Yes 

(b) No 

(c) I do not know 

10. If you answered “Yes” to question 9, what is the available tool used to determine and 

mitigate the potential negative environmental impacts of land use planning in Abuja? 

(a) Environmental Impact Assessment (EIA). 

(b) Strategic Environmental Assessment (SEA). 

(c) Para-SEA (any tool having the same goal with SEA but does not apply the formal 

SEA process). 

(d) I do not know. 

(e) Others, ……………………………………………………………………………………… 

11. If you answered “Para-SEA” to question 10, what kind of Para-SEA and what are the 

processes? 

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………. 

12. From our observation, urban development is sprawling into land designated for non-

urban development by the regional land use plan (e.g., Lugbe town and environ. were 

originally designated for productive forestry and forest reserve). If an effective 

implementation of the land use plan should be carried out, would you suggest Lugbe 

town be demolished or not and why? 

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………. 

13. If an effective implementation of the regional land use plan should be carried out, do 

you think the land designated for urban development will be sufficient or not to support 

sustainable development with regards to future land demand for urban development and 

why?  

…………………………………………………………………………………………

…………………………………………………………………………………………
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…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………. 

14. From your experience what are the failures of the land use planning in FCT Abuja?  

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………. 

15. From your experience what are the achievements of land use planning in FCT Abuja?  

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

16. What would you suggest to resolve the land use planning challenges?  

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………….. 
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Appendix 2: Interview questions for environmental assessment experts 

Section A: General information 

1. Place of work ……………………………………………….....……………………… 

2. Work experience …………………………………………………..…………………. 

3. Highest academic level completed ……………………………………..……………. 

Section B: Questions on challenges facing the environmental assessment of strategic 

actions 

4. To the best of our knowledge, Nigeria has not implemented the formal Strategic 

Environmental Assessment (SEA) process (an instrument used to determine and 

mitigate the environmental impacts of strategic actions such as policies, plans, and 

programs). What are the reasons? 

5. In your opinion, do you think it is necessary or not to implement the formal SEA process 

in Nigeria? Please, kindly give reasons. 

6. What are the available instruments and their processes used to determine and mitigate 

the potential negative environmental impacts of strategic actions in FCT Abuja? 

7. From your experience what are the challenges facing the impact prediction process in 

the environmental assessment of strategic actions in FCT Abuja? 

8. From your experience what are the challenges facing the impact evaluation process in 

the environmental assessment of strategic actions in FCT Abuja? 

9. From your experience what are the challenges facing the impact mitigation process in 

the environmental assessment of strategic actions in FCT Abuja? 

10. From our observation, urban development is sprawling into land designated for non-

urban development by the regional land use plan (e.g., Lugbe town and environ. were 

originally designated for productive forestry and forest reserve). If an effective 

implementation of the land use plan should be carried out, what would you suggest as a 

strategy for Lugbe town? 
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