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Abstract 
Urban land expansion is the most identifiable characteristics of urbanization process as it affects land 

use and land cover at both regional and global scales. The aim of this paper is to analyze the impact of 

urban expansion on agricultural land in the southern part of Kaduna metropolis between 1990 and 

2014. Landsat 4 Thematic Mapper (TM) with 30m spatial resolution of 1990; Landsat 7 Enhanced 

Thematic Mapper Plus (ETM +) at 30m spatial resolution of 2001 and Landsat 8 Enhanced Thematic 

Mapper Plus (ETM +) at 30m spatial resolution of 2014 were used. A supervised classification 

technique was used to classify the imageries into three (3) land use and land cover maps from which 

the extraction of the urban built-up land, agricultural land, vegetated land, bare land or surfaces and 

water body for the three time periods. An overlay analysis was carried out by overlaying the built-up 

areas on agricultural land to determine the magnitude and rate of urban encroachment on agricultural 

land. An In-debt interview was conducted with Kaduna State Urban Planning and Development 

Authority (KASUPDA) and Bureau for Land and Surveys in order to elicit information on the planning 

and monitoring of urban expansion in the area. The results of the analysis revealed that 48.31km² 

(22.60%) of agricultural land has been converted to urban built-up from 1990 to 2014 and the built-up 

is increasing annually at the rate of 10.62%. The paper therefore recommends effective planning, 

monitoring and control of the growth of the area by KASUPDA and the creation of government 

layouts on suitable sites.  
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Introduction 

The conversion of Earth's land surface 

to urban uses is one of the most irreversible 

human impacts on the global biosphere 

otherwise known as urban expansion. Though 

it has a varied definition, the most accepted 

one is the spreading out of a city and its 

suburbs towards non built-up areas at the 

periphery of an urban area (Liu et al., 2005). 

Liu at el., (2005), asserted that the process 

involves the conversion of other land use 

categories into built-up developed land over 

time. Urban expansion has a wide variety of 

implications, some of its implications include 

loss of agricultural lands, affects local climate, 

fragments habitats, and threatens biodiversity 

(Seto et al., 2011). However, the implication 

of urban expansion has now become a global 

phenomenon as cities are expanding on a daily 

basis beyond their boundaries. Most of the 

expansion is taking place in the middle of 

agricultural land leading to a decrease in 

agricultural land-based and an increase in the 

urban land area. 

A recent meta-analysis of 326 peer-

reviewed studies (Seto et al., 2011), reports a 

worldwide increase in urban land area of 

almost 60,000 km
2
 from 1970 to 2000. In 

developed Countries, about 3,000 km
2
 area of 

agricultural land is covered every year by 

urban growth. Japan has lost about 7.3 percent 

of its agricultural land to buildings and roads. 

European countries like Norway and 
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Netherlands have lost 1.6 percent and 4.3 

percent respectively (Manish et al., 2012). 

Similarly, In Nigeria, Adesina et al., (1999) 

observed that 400,000 hectares of vegetation 

cover is lost annually and most of it is 

deliberately removed to make way for 

development of infrastructure and building of 

residential areas.  

Population growth and economic 

activities have been identified as two most 

important factors driving urban expansion 

(Bilsborrow and Okoth-Ogendo, 1992). Over a 

half century ago, agricultural land has been on 

the decline as a result of unprecedented urban 

expansion due to rapid population increase and 

diversity of functional economic activities 

especially in most developing countries (Seto 

et al., 2011). According to the United Nations 

Press Release (2013), the current world 

population of 7.2 billion is projected to 

increase by almost 1billion people within the 

next twelve years, 8.1 billion in 2025 and 9.6 

billion in 2050. United Nations World 

Population Prospects (2012) asserted that most 

of the population growth will occur in 

developing regions, which are projected to 

increase from 5.9 billion in 2013 to 8.2 billion 

in 2050. According to the Nigeria National 

Bureau of Statistics (2012), the total 

population of citizens in Nigeria was around 

166.2 million people. Today, it is estimated to 

have about 178.5 million people; meaning it 

accounts for about 2.5% of the entire earth’s 

population and also asserted that 1 out of every 

40 people in the world call Nigeria their home. 

However, this growth is outrageous and calls 

for proper control of population growth which 

is no doubt account for the declined in 

agricultural land. 

Southern part of Kaduna metropolis is 

undergoing spatial urban expansion because of 

its unique topology and functional commercial 

activities. The functional economic activities 

in southern part of Kaduna metropolis reflect 

commercial, educational, administrative, 

industrial, transportation and professional 

needs or social activities such as electric 

power supply, pipe borne water, good roads, 

banks, telephone services etc. These altogether 

serve as a population pull factor in the area 

that can lead to more building of residential 

houses and building of infrastructural 

development on existing agricultural land 

(Atere, 1991).  

As population increases, not only does 

the demand for land for building of residential 

and infrastructural developments increases but 

also the demand for food and fibres increases. 

In order to ensure the sustainability of food to 

the area and the entire nation, it has become 

imperative to conduct such a study with a view 

to providing the key dimensions of growth that 

will be useful in the effective monitoring and 

planning of the growth of the area by Kaduna 

State Urban Planning and Development 

Authority.  

Therefore, the aim of this paper is to 

analyze the impact of urban expansion on 

agricultural land in the Southern part of 

Kaduna metropolis.  

The objectives of this study are to:  

1. map out the extent of the various land 

use and land cover distribution of 

southern part of Kaduna metropolis in 

1990, 2001 and 2014. 

2. determine the magnitude and rate of 

built-up encroachment on agricultural 

land in southern part of Kaduna 

metropolis.  

Study area 

Southern part of Kaduna Metropolis is 

located between latitudes 10˚ 23’30’’N and10˚ 

28’ 30’’N of the equator and longitudes 7˚ 

21’45’’E and 7˚ 31’10’’E of the Greenwich 

meridian (Fig.1).  The study area has a total 

land mass of 319.16km² and a distance of 

about 144 kilometres from Abuja, the new 

Federal Capital of Nigeria and some 846 

kilometres from Lagos, the defunct Federal 

Capital of Nigeria. The study area constitutes 

southern part of Kaduna south and northern 

part of Chukun Local Government Area. It is 
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bounded by River Kaduna to the north and 

extends southwards to cover all the settlements 

south of the River within the metropolis 

(Oyedele, 1977).  

Southern part of Kaduna Metropolis 

lies on an enclosed gentle rolling within the 

undulating high plains of northern Nigeria 

(Musa, 1993). It has a general pattern of the 

West African interior/continental climate with 

marked dry and wet seasons. The dry season 

lasts from November to March. The mean 

annual rainfall is about 1525mm and the 

length of the rainy season period is about 200 

days. The mean monthly temperature reaches 

28ºC in March and drops to 23.3ºC in 

December. While humidity is constantly high 

above 60% at mid-day and close to 100% at 

night during the rainy season (Abaje and 

Giwa, 2008). 

Southern part of Kaduna metropolis is 

a multi-ethnic society. Available evidence 

shows that the area is inhabited by many 

ethnic nationalities. The inhabitants are of mix 

grill with southern Kaduna people dominating 

the population. The population was estimated 

at 299,451 from the 1991 National Population 

figures of localities that constitute the study 

area and is expected to reach 650,229 that is, 

more than double by the end of 2016 as 

projected by the researcher

  
Fig. 1: Southern part of Kaduna Metropolis. 

Source: Modified from the Administrative Map of Kaduna State. 
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Materials and Methods 
 

Remote Sensing and Geographic 

Information System (GIS) technique was used 

for the study due to its suitability and ability to 

integrate several dataset together. Remote 

Sensing technique has already shown its value 

in mapping urban areas at various scales and 

as data sources for the analysis of urban land 

cover change (Donnay et al., 2001; Batty and 

Howes, 2001; Herold et al., 2002). 

The study used satellite images such as 

Landsat 4 Thematic Mapper (TM) with 30m 

spatial resolution of 27
th
 November 1990,  

Landsat 7 Enhanced Thematic Mapper Plus 

(ETM +) at 30m spatial resolution of 24
th
 

October, 2001 and Landsat 8 Enhanced 

Thematic Mapper Plus (ETM +) at 30m spatial 

resolution of 23rd February 2014 to generate 

the built-up layer. The Sub-setting of the area 

of interest was achieved from the larger scenes 

using ERDAS IMAGINE 9.2 software. The 

datasets were auto-rectified and needed not 

any geometric and radiometric correction. 

However, the datasets were geo-coded or geo-

referenced in order to conform to a geographic 

coordinate system and now suitable for 

overlay analysis and other forms of GIS 

operations.  

Extraction and digitization of the built-

up land and agricultural land uses to create 

segment maps for the three time periods i.e. 

1990, 2001 and 2014 was done by visual or 

manual interpretation technique. The segments 

were polygonized and rasterized in ILWIS 3.3 

environment. Finally, overlay analysis was 

carried out using ILWIS 3.3 environment by 

overlying the built-up areas on the agricultural 

land to determine extent of built-up 

encroachment on agricultural land as well as 

the annual rate of increase in the built-up area. 

Classification scheme: For the purpose of 

pattern recognition and classification of the 

images into various classes, a supervised 

classification technique was performed using 

maximum likelihood algorithm because of its 

high level accuracy and reliability in handling 

spatial data (Drury, 1990). The Classification 

scheme covered 5 LULC classes.  

Ground truthing and accuracy assessment: 

Ground control coordinates obtained with a 

Global Positioning System (GPS) from 

locations in relation to the classes under study 

were plotted on the images to verify the 

accuracy of the classified training sites as 

regards to their spectral signature.  

An accuracy assessment matrix was generated 

using the error matrix and Kappa Coefficient. 

The Kappa Coefficient according to 

Congalton (1991) expresses the proportional 

reduction in error generated by a classified 

process compared with the error of a 

completely random classification.  

For the purpose of this study, Classification 

accuracy was assessed by picking 25 ground 

control points based on the recommendations 

of Van Genderen & Lock (1977). who stated 

that a minimum sample size of 20 to 30 

observations (reference pixels) per class are 

required for an acceptable classification 

accuracy assessment. Therefore, the 25 ground 

control points from each land use are 

converted to raster in ArcGIS. A signature tool 

was used to combine the cells with those of 

the classified image. This resulted in a 

Confusion Matrix table 1 which was exported 

to excel to calculate Kappa. 

As shown in table 1, built-up areas had 

17 of the 25 control points matching the points 

on the classified images and therefore, had a 

User’s accuracy of 68% and Producer’s 

accuracy of 65%. Agricultural land had the 

highest level of accuracy with 18 of the 25 

control points matching the points on the 

classified images. Vegetated land had a total of 

15 control points matching the classified 

images. Water body had a total of 16 control 

points while bare surface had a total of 14 

control points matching the classified image.  
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Table 1: Confusion Matrix showing the accuracy of classification 

Landuse Built-up 

land 

Agriculture 

land 

Vegetated 

land 

Water 

body 

Bare 

surface 

Total User’s 

Accur

acy 

Built-up land 17 2 3 2 1 25 68% 

Agriculture 

land 

2 18 2 1 2 25 72% 

Vegetated 

land 

4 2 15 2 2 25 60% 

Water body 2 3 1 16 3 25 64% 

Bare land 1 1 2 3 14 25 56% 

Total 26 26 23 24 22 125  

Producer’s 

Accuracy 

65% 69% 65% 67% 64%  Total 

80 

(Source: Author’s Analysis, 2016) 

 
Total Accuracy = [(17 + 18 +15 + 16 + 

14)/100] *100 = 80% 

The calculation for the overall accuracy is 

obtained using Kappa statistic (Congalton, 

1991). 
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Where K = Kappa 

Po = Observed Accuracy 

Pe = Expected Accuracy 

Observed Accuracy = 0.71 

Expected Accuracy = 0.5 

e

eo

p

pp
K






1
   = 0.71-0.5/1-0.5 = 0.41  

A kappa accuracy of 0.41 is said to be fair and 

good according to Congalton (1991) 

Results and discussions 
 

Land-use and land-cover distribution  

The land use/land cover classes in Southern 

Part of Kaduna Metropolis in 1990, 2001 and 

2014 are shown in table 2 and figure 2. 

The result of table 2 shows that 

Built-up areas occupied 40.56km² (12.71%) 

of the total land area in 1990, 61.71km² 

(19.34%) in 2001 and significantly 

increased to 116.12 km² (36.38%) in 2014 

with an overall increase of 75.56 km² from 

1990 to 2014. Agricultural Land has the 

largest coverage of 213.79 km² (66.99%) in 

1990, 201.18 km² (63.03) in 2001 and a 

phenomenal dropped of 158.98km² 

(49.81%) in 2014. On the other hand, 

Vegetated land which occupied a total land 

area of 28.07 km² (8.79%) in 1990, also 

decreased to 14.56km² (4.56%) in 2014. 

While Landuse which is a bare Surfaces 

resurfaces in Sabon-Tasha and Maraban-

Rido areas, occupied an observable land 

area of 33.50 km² (10.50%) in 1990 and 

slightly decreased to 27.20km² (8.52%) in 

2014. Water Body, being the last class had 

the least proportion of land coverage of 

about 3.25 km² (1.02%) in 1990 and 

slightly decrease to 2.30km² (0.72%) in 

2014. The above analysis suggests that 

urban expansion or urban built-up is 

increasing and encroaching into other land 

uses thereby causing a declined in coverage 

of the other land uses. 
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Table 2: Land use/Land cover distribution in 1990, 2001 and 2014 

Year 1990 2001 2014 

Land use km² % km² % km² % 

Built-up land 40.56 12.71 61.71 19.34 116.12 36.38 

Agricultural Land 213.79 66.99 201.18 63.03 158.98 49.81 

Vegetated land  28.07 8.79 22.46 7.04 14.56 4.56 

Bare Surface 33.50 10.50 31.17 9.77 27.20 8.52 

Water Body 3.25 1.02 2.64 0.83 2.30 0.72 

Total 319.16 100.00 319.16 100.00 319.16 100.00 

(Source: Author’s Analysis, 2016) 

 

 
Fig. 2: Extent of urban built-up, agricultural land and non urban/agricultural land uses in 1990,  

           2001 and 2014.  Source: Author’s GIS Analysis (2016). 

  
The result from table 3 reveals that the 

extent of urban built-up was about 40.56 km
2
 

in 1990, 61.71km
2
 in 2001 and 116.12 km

2
 

(i.e. almost double) by 2014. While 

agricultural lands was having a total of 213.79 

km
2
 in 1990 and reduced to 201.18 km

2
 in 

2001 and significantly drop to 158.98km
2
 in 

2014. The sudden increase in Urban built up 

suggest that there was urban expansion over 

the study years while decrease in agricultural 
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land suggest that the urban expansion is fast 

taking place on agricultural land leading to a 

decrease in agricultural land. 

In table 4, the analysis shows that only 

a small proportion (8.87) of the entire 

agricultural land (213.79km
2
) was engulfed by 

urban development in 1990. However, by the 

year 2001, the built-up area on agricultural 

land was almost more than doubled (13.11%), 

and as much as 31.47% of the agricultural land 

was developed in 2014.  

Table 3: Extent of Urban built-up and Agricultural land in 1990, 2001 And 2014. 

Land use Extent (km
2
)  Extent (km

2
)  Extent (km

2
)  

Built-up/Urban 40.56  61.71  116.12  

Agricultural Land 213.79  201.18  158.98  

Source: Author’s Analysis, 2016 

 
Table 4: Extent of urban built-up on agricultural land 

Year Total Agricultural 

land (km
2
) 

Extent Encroached on 

Agricultural Land (km
2
) 

Proportion Encroached on 

Agricultural Lands (%) 

1990 213.79 18.96 8.87 

2001 213.79 28.02 13.11 

2014 213.79 67.27 31.47 

Source: Author’s Analysis, 2016 

 
Table 5: Rate of built-up Encroachment on Agricultural Land  

Period Year Built-up on 

Agricultura

l Land 

(km²) 

Increase Arithmatic Mean 

(Rate of Increase) 

  

(km²) % (km²)/Year %/Year 

1990-2001 

(11 Years) 

1990 18.96 9.06 47.78 0.82 4.34 

2001 28.02 

2001-2014 

(13 Years) 

2001 28.02 39.25 140.08 3.10 10.78 

2014 67.27 

1990-2014 

(24 Years) 

1990 18.96 48.31 254.80 2.01 10.62 

2014 67.27 

  

(Source: Author’s Analysis, 2016) 
 

The analysis as shown in table 5 

reveals that about 18.96km
2
 of agricultural 

land was already occupied by physical 

development in southern part of Kaduna 

metropolis in 1990. This was increased to 

about 47.78% in 2001 at the rate of 4.34% 

annually during that period. The periods 

between 2001 and 2014 recorded the highest 

growth rate of (10.78%) and most of the 

growth occurred between 2001 and 2002 when 

Kaduna metropolis experienced its highest 

growth, particularly in the southern part of the 

metropolis (Akpu, 2014), perhaps a period 

which coincided with a period when Kaduna 

state was at the peak of its religious crisis. The 

growth was not adequately planned and 

therefore resulted in an encroachment into 

agricultural land.   
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Fig. 3: An overlay analysis showing the extent to which urban built-up encroached into  

            agricultural land in 1990-2001, 2001-2014 and 1990-2014.  (Source: GIS Analysis, 2016) 
 

Conclusion  

This study proved beyond reasonable 

doubt that Southern Part of Kaduna Metropolis 

is fast expanding and encroaching into 

agricultural land. The study revealed that from 

1990 to 2014, a total of 48.31km
2 

of 

agricultural land was converted into urban 

built-up with an annual increase rate of 

10.62%. This is however outrageous and calls 

for monitoring, evaluation and planning of the 

area so as to preserved the agricultural land.  

The interview with some personnel of 

Kaduna State Urban Project and Development 

Agency (KASUPDA) and Bureau for Land 

Surveys pointed to the inability of the 

government to create new layouts in order to 

accommodate the increasing demand for land 

for residential and building of infrastructures. 

The interview further identified ethno-

religious crisis which rocked the state especial 

between 2001 and 2002 and the functional 

economic activities that is fast taking place in 

the area as being the major driven factors that 

triggers the growth of urban expansion on 

agricultural land. 

Recommendations 

Government should create new layouts 

especially on bare land and lands which are 

not fertile agricultural land but conducive for 

building of infrastructure and residential 

buildings. The growth of area should be 

monitored and plan by the relevant agencies 

(KASUPDA and Bureau for Land and 

Surveys) so as to avoid unnecessary 

conversion of agricultural land to urban built-

up.  Harmonious co-existence among different 

religious groups should be encouraged by the 

two major religious leaders in order to ensure 
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even growth and distribution of residential 

houses and infrastructural development in 

Kaduna metropolis as a whole.  
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