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Abstract 
Rapid urbanization significantly impacts land cover change and is a barrier 

to sustainable urban development. Emphasis has primarily been on cities 

in the global north, with little attention paid to cities in the global south, 

particularly Sub-Saharan Africa. Although there are numerous studies on 

land cover change in Nigeria, its implications are rarely discussed. 

Inadequate data on changes in urban land cover and their consequences 

has hampered effective land use planning. As a result, there is a pressing 

need to gather, evaluate, and disseminate data on urban land cover and 

determine its potential implications. Landsat satellite images were collected 

and analyzed using Remote Sensing and Geographic Information Systems 

capabilities to detect and comprehend the spatiotemporal pattern of land 

cover change from 1984 to 2020. We used the supervised classification 

algorithm to create land cover maps for 1984, 2002, and 2020, using four 

land cover classes, and calculated the net urban land cover change for each 

epoch. This data was used to establish a baseline for assessing the 

implications of changing urban land cover and aid in urban land use 

planning. The findings revealed an increase in built-up cover (12.04 km2 -

73.74 km2) with a decreasing vegetation (100.01 km2 -74.61 km2) and bare 

land (248.21 km2-211.77 km2). The study result provided insight into the 
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potential implications of changing urban land cover, this include rising 

temperatures, health concerns, urban heat islands, unconducive urban 

area, increased erosion, flood events, and land degradation, as well as food 

security and microeconomic stability concerns. 

 

Keywords: Land Cover Change, Urbanization, Sustainability, Implications, 

Zaria 

 

 

Introduction 
Africa, with an annual urban 

proportion increase of 1.1 percent, is 

the second region in the world with the 

highest rate of urbanization after Asia 

(United Nations, Department of 

Economic and Social Affairs 

[UNDESA], 2019). With a growing 

world population, Africa is projected 

to have a 25 percent share of the global 

population by 2050 and 39 percent by 

2100 (UNDESA, 2015). In the coming 

decades, most of this growth will be 

felt, particularly in the cities of Sub-

Saharan Africa (UNDESA, 2019). 

Urbanization is linked to the three 

pillars of sustainability (social, 

environmental, and economic). It has 

simultaneously threatened sustainable 

urban development by affecting city 

sustainability at an unprecedented rate 

(Romero-Lankao et al., 2016). Here, 

sustainability (Sustainable 

development) is seen in accordance 

with the definition provided by the 

Brundtland Report, which defines 

sustainable development as 

"development that meets current 

demands without jeopardizing future 

generations' ability to meet their 

needs" (World Commission on 

Environment and Development 

[WCED], 1987), while sustainable 

urban development is described as 

"the ability to attain a qualitatively 

new level of socioeconomic, 

demographic, and technical output 

that, in the long run, improves the 

foundations of the urban system," 

(Ewers & Nijkamp, 1990, as cited in 

Hui-Ting & Yuh-Ming, 2016). Rapid 

urbanization has brought about 

numerous environmental and 

socioeconomic problems globally (Li 

& Li, 2017). 

Urbanization has account for most 

changes on land and is continuously 

causing a series of changes to meet the 

needs of the increasing population 

(Akbar et al., 2019; Mundhe & 

Jaybhaye, 2014). This process has 
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altered and is altering land in various ways and magnitude. Forest and savanna 

are transformed into agricultural and urban land. Wetland converted into urban, 

agricultural, and other uses, and settlements have gone through urbanization or 

de-urbanization. These changes in land cover have been taking place since 

prehistory, but accelerated changes were associated with the Industrial 

Revolution, which caused global concern (Moran et al., 2012). Land cover 

change (LCC) has emerged as a critical issue in sustainable development and 

climate change discourse. The Brundtland Commission's notion for Sustainable 

Development raised the issue of sustainable land resource use, which has since 

evolved into a path toward achieving sustainable land cover change (WCED, 

1987). 

In analyzing land cover change, priority should be given in conceptualizing its 

meaning. In simple terms, land cover is the biological, chemical and physical 

condition of the earth surface (Yang et al., 2017). While a change in land cover 

refers to quantitative changes in the area of a specific type of land cover 

(increases or decreases), including vegetation, water body, bare land, and so on 

(Briassoulis, 2011). The classification system used for land cover is not unified. 

It is highly uncertain that there could be a time when a universal classification 

system could ever be developed and adopted (Anderson et al., 1976). Most 

classifications are made to meet the user's needs; some users adopt or adapt 

already established classification. 

Nigeria is the most populous country in Africa and one of the top ten in the 

world in terms of population (UNDESA, 2015). Approximately half of 

Nigerians live in cities. Nigeria has one of the most distinct urban characteristics 

in Africa (U.S. Geological Survey, 2017), has seven cities with populations 

exceeding one million, and approximately 87 cities with populations exceeding 

100,000 (World Population Review, 2020). The high population density strains 

Nigeria's natural resources, which must meet basic human needs such as food 

and shelter. Numerous studies on land cover change have been conducted, with 

significant gaps in their coverage of the implications of land cover change, 

particularly as it relates to sustainable urban development in Nigeria (Owoeye 

et al., 2019; Enoguanbhor et al., 2019; Atubi et al., 2018; Wizor & Eludonyi, 

2020). 

Zaria, Nigeria's eighth-largest city by population, is one of the country's most 

populous cities (World Population Review, 2020). It is Kaduna's second most 

urbanized and economically developed urban center and one of the country's 
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most important educational and cultural heritage centers (Aliyu, Botai 2018). 

As a result, the Urban Area has seen significant urbanization. The problem of 

land cover change is one of the challenges associated with urbanization. Zaria 

is undergoing rapid land cover change (Abbas, Arigbede, 2011), but the 

consequences are rarely discussed. Changes in land cover generally increase the 

thermal characteristics of built-up areas and other environmental consequences. 

Land cover change in Zaria has increased the city's vulnerability due to floods, 

temperature extremes, and irreversible loss of natural habitat over time. (Atkins, 

2012).  

Climate change is unavoidable, and the vulnerability of Zaria to climate change, 

particularly from land cover changes, has not been prioritized, as it is in many 

other cities. The changing climate may make many urban dwellers (particularly 

the urban poor) more vulnerable to extreme weather events and other 

environmental disasters in the coming years (United Nations Human 

Settlements Programme [UN-Habitat], 2011). To pre-empt this, there have been 

calls for cities to be future-proofed by mitigating the effects of land-cover 

changes. Thus, the research aims to examine the pattern of urban land cover 

change in Zaria Urban Area using multi-temporal remotely sensed images from 

different epochs (1984 – 2020) and the probable consequences of the changes. 

The results obtained will serve as a knowledge base for planning 

recommendations towards future proofing the urban area and sustainable urban 

planning. The study is tied with two main objectives: (i) assess the spatio-

temporal pattern of land cover change for 1984-2020; (ii) identify possible 

implications of land cover change in Zaria Urban Area. 

 

Materials and Methods 

Study Area 

The area of study is Zaria Urban Area (ZUA), one of Nigeria's most populous 

cities after Kaduna, the state of Kaduna's second most urbanized and 

economically advanced metropolis. The urban area is 363.163 km2 in size and 

is located between latitudes 10°57'36"N and 11°15'32"N, as well as longitudes 

7°39'00"E and 7°53'02" E (Figure 1). It made up from  Sabon Gari, Zaria, and 

a portion of the Giwa local government area. Its history is linked to the historic 

walled city of Zaria, which goes back to 1500 and is known as the Kingdom of 

Zazzau or Zaria Emirate (Kaduna State Government [KDSG], 2018). 
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Figure 1. Location of ZUA and surrounding Local Government Area (LGA) 

 

Zaria is currently one of Nigeria's most critical educational hubs, housing 

important tertiary institutions; this has resulted in rapid population growth 

accompanied by the invasion of various types of land cover within the urban 

area by the urban built-up. Its population is diverse, with primarily Hausa-

speaking communities residing within its flat topography of 650m above sea 

level (Ahmadu Bello University [ABU], 1979). 

 

Satellite Image Acquisition 

In this study, remotely sensed data for 1984, 2002, and 2020 were used. The 

choice of the year 1984 as the start date was due to the non-availability of pre-
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1984 Google Earth historical imagery, which will aid in accuracy assessment. 

The year 2002 was chosen to serve as an intermediate date to understand the 

rate of change, whilst year 2020 was chosen as the end date because it was the 

year with the updated imagery when the study was carried out. 

 

The study year's Landsat Thematic Mapper (TM), Enhanced Thematic Mapper 

plus, and Operational Land Image (OLI) images were collected using path and 

row 189 and 52, respectively. These images were obtained as a regular product 

from the USGS archive at https://earthexplorer.usgs.gov/. Furthermore, images 

from the dry season were used to prevent the effects of seasonal change. Cloud-

free images with a spatial resolution of 30m and outstanding quality (9 quality) 

made it convenient for changes detection. Google Earth images of  Zaria urban 

area were used to assess accuracy. The complete description of the Landsat 

image properties used for the study is summarized in Table 1. 

 

Table 1. Characteristics of remotely sensed imageries. 

Satellite 

Data 

Path/Row Acquisition 

Date 

Spatial 

Resolution (m) 

Quality Sources 

Landsat 

TM 

189/52 08/01/1984 30 9 USGS 

Landsat 

ETM+ 

189/52 27/12/2002 30 9 USGS 

Landsat 

OLI 

189/52 13/10/2020 30 9 USGS 

 

www.diva-gis.org provided more information, such as administrative 

boundaries. The boundary of ZUA was established from the Zaria Master Plan, 

which was obtained from Ahmadu Bello University, Zaria, Department of 

Urban and Regional Planning. 

 

Satellite Image Processing 

The land cover classification of all the three imageries acquired was carried out 

using the supervised classification algorithm (maximum likelihood 

classification) using a selection of four land cover classes for the study area to 

generated a classified map for each epoch (Table 2). 

 

https://earthexplorer.usgs.gov/
http://www.diva-gis.org/
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Table 2. Land cover classification pattern for the study. 

Land Cover 

Type 

                                     Description  

Built-up Commercial, infrastructure, industrial, public, 

recreational, residential and other urban associates 

Bare land Exposed soil, landfill site and area of active excavation 

Vegetation Agricultural areas, fallow land, forests and others 

Water body Lakes, ponds, reservoirs, river and others  

Source: Adopted from Anderson et al. (1976). 

 

Accuracy assessment is a critical component in the analysis of remotely sensed 

imagery. An initial visual inspection was carried out before the main accuracy 

assessment was performed with the aid of Google Earth Imageries. Using 

Kappa Statistics and 800 sample points for each epoch, the overall accuracy 

assessment revealed 89.72%,  94.31% and 92.30% accuracy respectively for 

year 1984, 2002 and 2020.  

 

Results  

Urban Land Cover Change Analysis 

As stated in sections 2.2 and 2.3, three remotely sensed imagery and four land 

cover class (built-up, bare land, vegetation and water body) were used to 

analyze the urban land cover of ZUA whose output was assessed against 800 

sample points for each epoch. This generated the high accuracy land cover map 

of ZUA for the years 1984, 2002 and 2020 (Figure 2). The observed area change 

in built-up has increased 6 fold (12.04 km2 to 73.74 km2 from 1984 and 2020) 

(Table 2.) thereby affecting the vegetation and bare land cover. Most of these 

increasing changes in built-up were observed in the south of the urban area 

whose land use is mainly residential and few educational. Whilst the northeast 

depict relatively low increase in built-up is because it houses most government 

establishment and educational institutions which are densely covered with 

shrubs and trees. The increase in built-up can also be associated to the increasing 

activities and population in the tertiary establishments. Conversely, vegetation 

cover which shows a decrease of about 26% due to the increasing built-up area 

(urban expansion or sprawl), depletion can be mainly observed in the central 

and southern zones. One of the crucial findings from the study is the invasion 

of delicate flood plain that is utilized for both rainfed and irrigated croplands to 
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be built-up.   The Water body was relatively stable (1.04% increase) in area 

coverage from 1984 to 2002, but slightly increased (10%) by 2020 due to the 

high rainfall experienced. The inadequately guided increasing built up and 

decreasing vegetation cover (Figure 3) can be attributed to the Zaria Master Plan 

(prepared in 1979) which is due for review over two decades ago. 

 
Figure 2. Land cover classes that emerge from satellite data for the years 1984, 

2002 and 2020. 

 

Table 2.  Land cover data for years 1984, 2002 and 2020. 

Year Built-up (km2) Vegetation (km2) Bare Land (km2) Water Body (km2) 

1984 12.04 100.01 248.21 2.91 

2002 47.66 87.39 225.17 2.95 

2020 73.74 74.61 211.77 3.05 
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Figure 3. Land cover trend for the years 1984, 2002 and 2020. 

 

Rate of Change in Land Cover 

The rate of change in land cover was calculated for each land cover class (built-

up, vegetation, bare land, and water body). However, the water body appears to 

have changed little while the built-up land cover, vegetation, and bare land 

cover have changed significantly during the study period (1984-2020). Table 3 

and Figure 3 clearly show the observed rate of change in land cover. 

 

Table 3.  Rate of change in land cover over time, 1984, 2002 and 2020. 

Study 

Period 

LCC (km2) Proportion 

of LCC (%) 

Time Span 

(Years) 

Annual LCC 

Rate (%) 

Built-up Cover 

1984-2002 35.62 295.85 18 16.44 

2002-2020 26.08 54.72 18 3.04 

1984-2020 61.70 512.46 36 14.23 

Vegetation Cover 

1984-2002 -12.62 -12.62 18 -0.70 
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2002-2020 -12.78 -14.62 18 -0.81 

1984-2020 -25.40 -25.40 36 -0.71 

Bare Land Cover 

1984-2002 -23.04 -9.28 18 -0.52 

2002-2020 -13.40 -5.79 18 -0.32 

1984-2020 -36.44 -14.68 36 -0.41 

Water Body Cover 

1984-2002 0.04 1.37 18 0.08 

2002-2020 0.10 3.39 18 0.19 

1984-2020 0.14 4.59 36 0.13 

 

Built-up cover has shown an increasing trend over the years with an average 

change rate of 9.74 percent, whilst vegetation cover has decreased with an 

average annual change rate of 0.76 percent. Similarly the bare land cover has 

also shown a decreasing trend at an average annual change of 0.4%.  Water 

body, like built-up cover, has showed an inclining tendency (but only slightly), 

with an annual average change rate of 0.14 percent. In the tables, the negative 

symbol (-) denotes a reduction in a certain kind of land cover. 

 

Discussion 

Urban Planning Implications of Land Cover Change  

Changes in land cover are vital part of sustainability, but it may have various 

costs. Generally, data from historic periods are inadequate to document the 

impact of LCC on urban areas. The majority of known occurrences are related 

to urbanization, in which a historically rural location is involved to the 

development of a new city or region. It requires huge efforts to document 

changes in variables of an urban area in response to LCC. This paper explores 

the potential environmental and socioeconomic effects of changing land cover 

in Zaria urban area.  

 

Environmental Implications 

In trying to establish the environmental implications of LCC in Zaria urban area 

some climatic parameters should be considered to have a better understanding 

of the environmental status quo of the area under study. LCC have been said to 

affect climatic condition and at the same time the climatic condition of a place 
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do affect land cover. Temperature as one of the most important climatic 

parameter will be considered for this study. A study by Dogara et al. (2017) 

revealed that the Zaria urban area is gradually getting warmer (average increase 

in temperature). 

High albedo surface (Built-up cover) reflect the majority of the radiation that 

hit it (80%) and absorb the rest while low albedo surface (Vegetation cover and 

water body) reflect small amount of the incoming radiation (10%) and absorb 

the remaining, as such in the case of Zaria urban area it can result to the 

phenomenon of Urban heat island (UHI) effect which can be attributed to the 

lessen vegetation cover. This is similar to the findings of Azua et al. (2020), 

whose work indicated that Land Surface Temperature increases with the 

increase in built-up areas and decrease in vegetation and bare land, having the 

ramification of environmental problem such as urban heat island and 

desertification as observed in the study area. This increases the vulnerability of 

ZUA to health issues, particularly those associated to heat stress, thereby 

lowering its residents’ quality of life (QOL). 

As vegetation cover declines, combined with rising temperatures, this will have 

a significant impact on human health, resulting in illness and death, primarily 

from respiratory and cardiovascular diseases, as well as other heat-related 

illnesses such as meningitis. This phenomenon is expected to increase the cases 

of Meningitis by around 6% in the next decades for every 1oC increase in 

temperature in the study area (Sawa & Buhari, 2011). Aside from the health 

implications, rising temperatures will render the urban environment 

uninhabitable.’ 

The declining vegetation cover will lead to more runoff. A study by Walker 

(1974) shows that infiltration rates under a litter cover (vegetation) can be nine 

times higher than on bare surfaces. More runoff has a combination of potential 

human illness and aesthetic losses of water bodies as a result of pollution in the 

study area, which can result in loss of revenue from tourism and recreational 

activities. Flooding, erosion, and land degradation are the most severe 

consequences of increased storm water runoff volume and rate in the study area. 

For instance informal areas such as Zaria city, Magume, Wusasa, Hayin Dogo 

etc. will be more vulnerable to flooding events due the lack of adequate drainage 

infrastructure.  
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Socioeconomic Implications 

A critical visual examination of the LCC maps reveals that the built-up areas 

are surrounded by agricultural land, implying that an incremental change in 

built-up land cover comes at the expense of valuable agricultural land within 

the study area. This poses a significant threat to the region's food security and 

economic stability. According to Micheal (2012), there is a significant depletion 

of agricultural land land in the study area, where agricultural land use was 

planned for 13,187.2 Ha in the Zaria master plan of 1979, but the state of 

agricultural land stand at 6,663.2 Ha in 2012. 

 

Conclusion 

We applied geographic information system and remote sensing to understand 

the pattern of the urban land cover change over a period of 36 years (1984-

2020). The result of the study indicates an increase in built-up cover by 512.46% 

(61.70 km2) having an annual change rate of 14.23%, which corresponded with 

the decline in vegetation and bare land cover, having 25.40% and 36.44% 

decrease respectively. Built-up cover gains the highest net change, whilst bare 

land cover had the highest net loss, followed by vegetation cover. The most 

alarming is the loss of delicate vegetation and agricultural areas to built-up 

cover. This is more evident in the central and southern zones of ZUA, and will 

certainly threaten the sustainability of ZUA, especially economic and 

environmental sustainability and sustainable urban development. In addition, 

the study provides evidence that supports the identification of potential 

implications of land cover change in ZUA which ranges from issues related to 

increasing temperature, urban heat island, health concerns, erosion, flooding, 

environmental degradation, food security, and microeconomic stability. 

Following the finding of this study, LCC has the potential of heightening the 

vulnerability of ZUA.  

 

Recommendations 

To pre-empt the vulnerability of ZUA, the following are recommended:  

i. More study is needed to gain a better understanding of the LCC pattern. 

ii. Adequate and timely monitoring of the LCC should be adopted. This will 

support deliberate and effective urban planning actions or decisions that 

promote sustainable urban development.  
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iii. Measures to lessen the UHI effect must be developed to mitigate the 

threat of UHI. Parks, green roofs, and urban forests can lower UHI by 

shading the ground surface directly and indirectly through 

evapotranspiration.  

iv. Infilling development policies should be used to plan for future 

population increase and to apply techniques for managing construction 

in underdeveloped areas.  

v. Delicate agricultural and vegetative areas should be protected, and 

provisions should be made to compensate the comparable area loss due 

to increase in the built-up area.  

vi. Flood plains should be reclaimed.  

vii. There is a need for an urgent review of the ZUA master plan of 1979, 

followed by appropriate implementation. 
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