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ABSTRACT 

This research work examine the analysis of urban  growth using remote sensing 

and GIS Techniques in Kabong, Jos North L.G.A, Plateau State, Nigeria . Data 

for the study were sourced from the primary and secondary data source. The 

finding of the study revealed that the most substantial change was the 

transformation of vacant barren land and rock outcrop to imperious built-up 

areas. Classification results shows the built up cover increased from 24462(9.8) 

in 1998 to 552.69 Ha922.2%) in 2008 to 2018 to 1071.27Km2 (143.18). results 

present that among the changes in Kabong increase in built up area from 9% 

to 43.18% and decreased off bare surface and vacant land had serious changes 

on the landscape as presented on the maps. the main changes of land use in 

these areas can be described as other type of land use covering into urban land. 

it is recommended that proper monitoring of the pattern and rate of urban 

expansion should be adhere strictly so as to achieve sustainable urban 

development. 

 

Keywords: Urban, Growth, Remote Sensing, GIS Techniques, 

Landuse/Landcover 

 

INTRODUCTION 

One of the more observable phenomenons of a city is its growth and expansion 

which changes its physical space in both vertical and horizontal directions. This 

process of change occurs through time and space and follows a dynamic process 
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referred to as urbanization. According to sharma.et al. (2013), urbanization 

refers to the increase in population, density, or extent of cities over time and 

includes increase in spatial scale, known as urban expansion. Urbanization is a 

universal phenomenon that occurs all over the world. It results in significant 

changes in physical and biological system. It also changes the physical structure 

of the landscape. Urban managers have had to understand this phenomenon with 

respect to specific cities to deepen planning strategies and the supply of urban 

services. Also, compelling scientific evidence has increasingly suggested that 

the benefits of urban growth and expansion is balanced against the magnitude 

of its effects on the landscape in present times more than it has been in the past  

Growth in Nigeria in the recent past has become a phenomenon in almost every 

aspect of human endeavor and the environment. Growth is a product of certain 

input(s) that produces evidence which of course is development. And for every 

growth and development that takes place, it comes as a process and for 

fundamental reasons accompanies it. This could be government policy, 

environmental issues, communal clashes, conurbation among other factors. 

Growth is natural tendencies that are inevitable, particularly in a globalized 

economy which Nigeria is playing an active role in infrastructural development 

and environmental preservation. 

GIS, remote sensing techniques and information technology are today used 

extensively for managing, controlling and predicting the rapidly growing 

urbanization of large cities, towns and villages the growth of urban cities have 

taken uncontrolled policies, which lead the engineers, planners and decision 

makers to use information technologies such as GIS and remote sensing to 

monitor this type of growth and to study the future expect action or prediction. 

Usually changes in growth using remote sensing involves the analysis of two 

registered, aerial or satellite multi-spectral bands from the same geographical 

area obtained at two different times. Such an analysis aims at identifying 

changes that have occurred in the same geographical area between the two times 

considered (Ronald et al., 2016). 

Satellite remote sensing is a potentially powerful means of monitoring land-use 

change at high temporal resolution and lower costs than those associated with 

the use of traditional methods (El-Raey et al., 1995). Remote sensing data is 

very useful because of its synoptic view, repetitive coverage and real time data 

acquisition. The digital data in the form of satellite imageries, therefore, enable 
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to accurately compute various. Advancements in Geographic information 

system (GIS) have provided opportunity for scientist and have been widely 

employed to enhance the knowledge and management of the environment for 

many decades now. A major breakthrough in this approach has been the 

development of the satellite remote sensing which aid the acquisition of reliable 

synoptic data that has been used by scientists to develop various models. The 

capacity of GIS to aid geospatial referencing as well as its data integrating 

framework offers significant support to researchers to manipulate huge 

geographic data about geographic phenomena including the growth and 

expansion of cities. Data’s from remote sensing, GPS and other sources provide 

a valuable input into GIS environment for environmental monitoring, modeling 

and prediction. 

 

STUDY AREA 

Kabong is the most dynamic suburb within Jos-North Local Government Area 

of Plateau State in North Central Nigeria. Before the creation of Jos North LGA 

in 1992,it was under Du in the old Jos LGA. Kabong gained her autonomy and 

became a district of her own in 1983.kabong gained her autonomy and became 

a district of her own in 1983.the area which lies west of Jos city center, is one 

of the oldest indigenous settlements of the people of Jos since pre-colonial 

times. Joseph Gomwalk road from secretariat junction, zaria road from farin 

gada and OLA hospital and rukuba road from bassa are the four main routes 

leading to Kabong. Kabong District is bordered on the outside by Ji-she(Tudun 

Wada) to the south,by Dong,on the west, by Rot Nnorong (west of mines) on 

the east and on the north by Be Hwol(Farin-Gada).On the inside, the District 

comprises of the following communities ;Kabong (Gada Biu) which is the 

administrative headquarters of the traditional District Head (Da. Gwom 

Kabong), Gura Lo Gbwagi(jenta adamu), Gura Lo majai (Angwan suya), 

Landengere (west side), Ji-Kabong (Rukuba Road), Landura (Alheri), Rwogo 

Rarwat (utan), Kagara (Rock Heven and Vorok. 
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Figure 1.: location map of plateau, Nigeria. (Lab work, 2019) 
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Figure 2: Location map of plateau showing Jos North 

 

 
Figure 3: Location map of Kabong, the study area (lab work 2019) 
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MATERIALS AND METHODS 

The study has used multiple data sources to fulfill the needs of objectives. 

Following are the details of data sources to execute the study. The data 

collection to be carried out will be basically in one phase, which is the secondary 

data collection. The nature and sources of these data are summarize below; 

 

TECHNIQUE FOR DATA ANALYSIS 

 Methods of data analysis adopted in this study. 

(i) Calculation of the Area in hectares of the resulting land use/ cover types for 

each study year and subsequently comparing the results. 

 (ii) Maximum Likelihood Classification 

(iii) Markov Chain and Cellular Automata Analysis for predicting change  

(iv) Overlay Operations 

(v) Population estimation (using) the formula p1=p0 (1+r) t 

 

The first two methods above were used for identifying change in the land use 

types particularly. The comparison of the land use land cover statistics assisted 

in identifying the percentage change, trend and rate of change. In achieving this, 

the first task was to develop a table showing the area in hectares and the 

percentage change for each year. 

Going by the third method (Markov Chain Analysis and Cellular Automata 

Analysis), Markov Chain Analysis is a convenient tool for modeling land use 

change when changes and processes in the landscape are difficult to describe. 

A Markova process is one in which the future state of a system can be modeled 

purely on the basis of the immediately preceding state. Markova chain analysis 

will describe land use change from one period to another and use this as the 

basis to project future changes. This is achieved by developing a transition 

probability matrix of land use change from time one to time two, which shows 

the nature of change while still serving as the basis for projecting to a later time 

period .The transition probability may be accurate on a per category basis, but 

there is no knowledge of the spatial distribution of occurrences within each land 

use category (Idrisi 32). Hence, Cellular Automata (CA) was used to add spatial 

character to the model.  

CA-Markov uses the output from the Markov Chain Analysis particularly 

Transition Area file to apply a contiguity filter to “grow out” land use from time 
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two to a later time period. This will ensure that land use change occurs 

proximate to existing like land use classes, and not wholly random (Idrisi 32).  

 

Digital Image Processing and Image Interpretation 

Because images are records of reflected electromagnetic energy and provides 

information of the earth in imageries, recorded by remote sensors which in some 

cases have some false color composites, image processing is carried out in other 

to remove the visible systematic error in the image data and to improve their 

detection and interpretability. 

This process is carried out digitally by the process called enhancement, image 

classification and feature extraction. The image enhancement is done to render 

the image data more effective for subsequent interpretation by increasing the 

visual distinction between features of interest. 

 

Classification of images 

The pre-processed images are then classified by 173 both un-supervised, 

supervised classification methods. In un-supervised classification method the 

ISODATA clustering algorithm which is built in the ERDAS Imagine will 

classify according to the number of classes required and the digital number of 

the pixels available. In the supervised classification technique the maximum 

likely hood algorithm will classify the image based on the training sets natures) 

provided by the user based on his field knowledge. The training data given by 

the user guides the software as to what types of pixels are to be selected for 

certain land cover type. The un-supervised classified image has been used for 

reference and for understanding about the distribution of pixels with different 

digital numbers. The classification finally gives the land use/land cover image 

of the area.  

In the image classification, unsupervised classification approach was carried out 

to partition the feature by method of cluster analysis and aggregating them into 

their natural cluster groupings or spectral signatures. By applying feature 

extraction, output is gotten through the selection of features of interest. The aim 

is to extract quantitative features from remotely sensed imageries. 

 

Digital Image Analysis Procedure 

Features would be mapped primarily with the Land sat imageries of kabong of 

1998,2008 and 2018 respectively by a variety of analytical procedure, including 
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statistical methods and human interpretation. The raster imageries was collected 

on soft copy in a CD Rom and imported in to an arcgis. The image was first 

geo-referenced using the Universal Thematic Mercator projection to enable the 

calculation of areas before applying the digital image processing techniques. 

The raster pixels were then assigned to a domain of land use classes according 

to the classification scheme chosen in these work. The domain of land use 

classes were assigned according to the various spectral signatures or pixel 

values each of them portrays. A sample set was created several times in other 

to specify the pixel characteristics in each land use/land cover character chosen 

in the domain. The output of the analysis was given in both quantitative (areas) 

and map form. The information given was then transferred in to Microsoft excel 

to represent the result in bars. 

 

Land use Land cover Classification 

A land use land cover classification is a basic requirement for proper monitoring 

of spatial growth of area and land use change in both urban and rural areas in 

any region. Based on the priori knowledge of the study area for over 20 years 

and a brief Reconnaissance survey with additional information from previous 

research in the study area, a classification scheme will be developed for the 

study area after Anderson et al(1967) 

 

DEVELOPMENT OF A CLASSIFICATION SCHEME 

Based on the priori knowledge of the study area for some years and a brief 

reconnaissance survey, a classification scheme was developed for the study area 

after Anderson et al (1967). The classification scheme developed gives a rather 

broad classification where the land use land cover was identified by a single 

digit. The classification scheme given in table below is a modification of 

Anderson’s in 1967. 

 

Table 2; classification system 

CODE LAND USE/LAND COVERCATEGORIES 

1 Farmland 

2  Forestland 

3 Built-up land 

4 Water bodies 
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SOFTWARE USED 

Basically, five software will be used for this project viz; 

(a) Arc View – this was used for displaying and subsequent processing and 

enhancement of the image.  

(b) Arc GIS 10.1 – This was also will be use to compliment the display and 

processing of thedata 

(c) Idrisi32 – use for projection and subsequently for change detection analysis 

of the study area. 

(d) Microsoft word – was used basically for the presentation of the research. 

(e) Microsoft Excel was used in producing the bar graph. 

(f)Envi –will be use for classification 

 

RESULTS AND DISCUSSION 

SPATIAL DATA ANALYSIS AND INFORMATION PRESENTATION 

Spatial analysis 

Geographic information system analysis is the process whereby data in a 

database are integrated and manipulated in such a way that it would provide 

answers to generic questions of location, condition trend, routine pattern etc.The 

spatial data acquired are also structured for intelligent use. The analytical power 

of GIS is to be able to combine spatial and non-spatial data to produce reliable 

results, which are very good for planning purposes and as a tool for decision-

making. A common identifier is used to link both the spatial and attribute data 

in order to carry out all the necessary analyses and to link attribute tables 

together. 

 

LAND USE LAND COVER DISTRIBUTION/STATUS 

The static land use land cover distribution for each study year as derived from 

the maps are presented in the table below 
 

   

1998 

  
2008 2018 

LANDU SE/LANDCOVER 

CATEGORIES 
AREA    

(Ha.) 

AREA 

 (%)   

AREA    (Ha.) AREA 

 (%)   

AREA    (Ha.) AREA 

 (%)   

Built-Up 244.62 9.8599

72 

552.69 22.27744 1071.27 43.18 

Vegetation 872.55 35.17014 650.07 26.2025

7 

480.78 19.37895 
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Rock Outcrop 915.66 36.9077
8 

544.77 21.95821 734.76 29.61619 

Bare Surface 448.11 18.06211 733.41 29.56178 194.13 7.82485

7 

Total 2480.94 
 

2480.94 
 

2480.94 
 

Table 3: Land use land cover Distribution (1998, 2008, 2018) 

           

 
Figure 5: Land use land cover Distribution (1998, 2008, 2018) 

 

 
Fig 6: Classification Results1998 
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Fig 7: Classification Result 2008 

 
Fig 8: Classification Results 2018 
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The figures presented in table 4.1 above represents the four (4) categories of 

land use/cover for each of the study year. The tabulations and area calculation 

provides a comprehensive data set in terms of the overall landscape changes 

within the different epoch. The most substantial change was the transformation 

of vacant, barren land and rock outcrop to impervious built-up areas. 

Classification results shows that the built-up cover increased from 24462(9.8%) 

in 1998 to 552.69Ha (22.2%) in 2008.in 2018 to 1071.27km2(43.18), this may 

not be unconnected to the fact that it is located close to the city center, so it is 

experiencing large influx of people. Vegetation, rock outcrop (people build 

houses on rocks) class areas experienced a reduction between 1998-2018 

indicating a takeover. These areas reduced as a result of infill and extension 

developments. Also bare lands were built-up and vegetation cleared to create 

space for developments. 

Results revealed that among the changes in Kabong, increase in built-up area 

from 9% to 43.18% and decreased of bare surface and vacant land had serious 

changes on the landscape as presented on the maps above. 

 

TEMPORAL PATTERN OF LAND CHANGES 

Table 4.:Non-Built to Built 

CLASS 1998-2008 2008-2018   
Ha % Ha % 

Vegetation to Built-Up 28.08 1.131829 15.39 0.620329 

Rock Outcrop to Built-Up 179.19 7.222666 385.11 15.52275 

Bare Surface to Built-Up 124.2 5.006167 146.88 5.920337 

Unchanged Classes 2149.47 86.63934 1933.56 77.93659 

 

 
Figure 9: Non-Built to Built 
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Figure 10: Non-Built to Built (1998-2008) 

 

 
Figure 11: Non-Built to Built(2008-2018) 
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Fig 12: other LULC changes 

 

Figures 4, 5 and table 4.2 shows the classified land-use/cover changes form non-

built to built for kabong (1998, 2008 and 2018) and the detected ULCs (i.e. 

gains of built or changes from non-built to built).In 1998, the locations built-up 

land had an area of 244.62(9.8%), which increased to 552.69(22.2%) in 2008, 

and to 1071.27(43.18%) in 2018.This shows that the built-up land has increased 

by approximately 76% 

 

TRANSITION PROBABILITY MATRIX 

The transition probability matrix records the probability that each land cover 

category will change to the other category. The matrix is produce by the 

multiplication of each column in the transition probability matrix by the number 

of cells of corresponding land use .for the four by four matrix table presented 

below, the rows represent the older land cover categories and the column 

represents the newer categories. Although this matrix can be  use as a direct 

input for specification of the prior probabilities in maximum likelihood 

classification of the remotely sensed imagery that was however used in 

predicting that of 2028. 

 

Table 5:Transition probability matrix 

CLASS BUILT-UP VEGETATION ROCK OUTCROP BARE SURFACE 

BUILT-UP 0.9609 0.003 0.0291 0.0071 
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VEGETATION 0.0323 0.6183 0.3279 0.0215 

ROCK OUTCROP  0.1263 
  

0.3574 0.4839 0.0325 

BARE SURFACE 0.385 0.1269 0.108 0.38 

 

 
Figure 13: probability matrix 

 

As seen from the table ,built-up has 0.9609 probability of remaining built-up 

and a 0,003 probability of vegetation changing in 2028.this therefore shows an 

undesirable change with a probability of change which is much higher than 

stability. Vegetation during this period with 0.6183with a 0.0323 probability of 

changing to built-up. Rock outcrops with 0.4839 will experience a reduction to 

0.3574.bare surface has a 0.38 probability of remaining itself. 

 

PROJECTION 

Markov chain model is essentially a projection model that describes the 

probabilistic movements of an individual in a system comprised of discrete 

states. When applied to landuse, markov chains often specify both time and a 

finite set of states as discrete values. Transitions between the states of the system 
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are recorded in form of transition matrix that records probability of moving 

from one state to another. My Markov model results are a transition which 

shows the probability of changes from each class of land cover or land use to 

each other class in the future. 

 

Table 6: projection 

PROJECTION 2028 
 

CLASS HA % 

Built-Up 1381.77 55.69542 

Vegetation 417.78 16.83958 

Rock Outcrop 565.56 22.7962 

Bare Surface 115.83 4.668795 

  

           

 
Figure 14: projection 

 

The table above shows the statistic of land use land cover projection for 

2028.comparing the percentage representation of table 4.3 and table 4.1, there 

exist a great increase in the projected distribution. These suggest a change in 

the classes 1998-2018 against the projected year. But a careful look at the area 

in hectares between these two tables shows a significant change from what it 
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was 244.69(1998), 552.69(2008), and 1071.27(2018), against the projected 

1381.77(2028).As seen in figure 5, there is likely to be compactness in Kabong 

by 2028 which signifies crowdedness. 

 

Kabong Population Growth Analysis From 1991-2028 

The analysis of kabong population based on the available data from the National 

Population Commission Plateau was the 1991 population figure that was dis-

aggregated into locality level. Although  that of 2006,population was available 

but not dis-aggregated, therefore could not be use directly rather projections 

were made from the 1991 base population of kabong, the study area. According 

to UN, 2000; population projection formula employed and the growth rate are 

stated below: 

 

P1=p0 (1+r)t 

 

Where p1 is the desired or projected population 

Po is the base population of 1991, 

1, is a constant and r is the growth rate of 3.2%  

t, is the time difference between the base population and the current time in 

years. 

 

Population Growth and Distribution of Kabong From 1998-2028 

Table 4.1 shows that the growth of human population in the study area can be 

seen as arithmetical when the table is critically examined. There is a consistent 

population growth in all the sub-primary localities of the study area 

(Kabong).the total accumulation growth over the years is 22, 934, i.e. all the 

eight localities in Kabong, the study area. The table below reveals population 

growth at an interval of 10 years. The population increase corresponds with an 

increases in buildup in the location. 

 

Table 7: projected population of Kabong, (source, NPC Jos) 

LOCALITY 

NAME 

BASE 

POPULATIO 

1998 

PROJECTED 

2008 

PROJECTED 

2018 

PROJECTED 

2028 

PROJECTED 

TOTAL 

POPULATION 

Avan 313 390 534  732 1,003 2,972 

Alheri 315 393 539 739 1,012 2,998 
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Angwan Soya 340 424 581 796 1,091 3,232 

Utan 298 372 510 699 958 2,837 

Anwan 

Juma’a 

272 339 465 637 873 2,586 

Angwan 

miango 

284 354 485 665  911 2,699 

Awan mata 302 379 515 706 967 2,866 

AngwanChaai 289 360 493 676 926 2,744 

Total 2413 3,008 4,122 5,650 7,741 22,934 

 

The table 4.1 above is indicating the proportionate population growth at an 

interval of 10years.the base population of Kabong was 2413 in 1991,in 1998,it 

grew by 3,008,in 2008,it grew by 4,122,in 2018,it increase to 5,650.the 

population is expected to grow to 7,741 people. 

 
Figure 15: showing population growth and distribution in Kabong 

 

Figure 4.7 above shows a cumulative increase of population growth, with 

Angwan Soya recording the highest growth rate among the sub-localities.2008 

-2018 and also 2028 projected clearly showing the high rate of growth, meaning 

the area is has recorded population increase within the period and a rapid 

increase in the nearest future. 
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PERCENTAGE GROWTH OF KABONG 

Table 4.4 below shows the percentage consistent growth of Kabong over the 

period of 27years and a significant increase in 2008 and 2018 respectively. 

Table 4.4 below shows the percentage change in population growth in Kabong 

from 1991 to2018. 

 

YEAR % INCREASE 

1991 10.5 

1998 13.1 

2008 17.9 

2018 24.6 

2028 33.7 

 

Table 8:A table of population percentage increase in kabong(Lab work,2019)                 

 
Figure 16: Pie chart of percentage increase of population in Kabong from 1991-

2018 
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Figure 4.8 above shows a steady increase of population growth in Kabong,the 

first 7 years indicated an increase of 10.5% increase from 1991-1998,and 

another slight increase of 13.1% 1998-2008.a steady increase from 2008-

2018.this trend shows that population of the area will experience a rapid 

increase in the next 10 years(2028). 

 

GROWTH OF POPULATION AND BUILT-UP AREA OF KABONG 

Table 9: growth of population and built-up area of kabong 

 1998 2008 2018 2028 

POPULATION 13.1 17.9 24.6 33.7 

BUILT-UP 9.8 22.2 43.18 55.6 

 

 
Figure 17: growth of population and built-up area of kabong 

Figure 10 represent the correlation between built-up and population. As from 

1998 to 2018 census data shown, the increase of population from 3,008 in 1998 

to 5,650 in 2018 with a projected population of 22,934.In the same time built 

up area was also increase and till 2018, built-up was highest. The main driving 

factors for the growth and changes in land use/ land cover and population are 
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governed by geographical (proximity to city center) and socio-economic 

factors. 

 

CONCLUSION 

Growth is a phenomenon that is found all around us, with the occurrence of 

growth in population comes changes in the environment to accommodate this 

growth. Population growth is a key driver for urbanization, the more the 

population the greater the space and resource needed to maintain population 

growth. Thus, its dire impact on the environment and people. The world is 

experiencing a surge in population growth similar to what was experienced in 

the late 20th century. Much of this growth occurs in the developing countries 

primarily in Africa and some part of Asia, South America and the Middle East. 

Population is increasing and cities are expanding, but in most case the rate of 

population growth usually out paces urban development. The lure of urban life 

and urbanization usually leads to cities accommodating more people than they 

are actually built to contain. This is not without consequences, as it has lead to 

a situation called urban sprawl. Urbanization is a major trend in big cities all 

around the world. The main change of land use in these areas can be described 

as other type of land use converting into urban land. Unfortunately, the 

conventional survey and mapping techniques are expensive and time consuming 

for the estimation of urban expansion and such information is not available for 

most of the urban centres, especially in developing countries. As a result, 

increased research interest is being directed to the monitoring of urban growth 

using GIS and remote sensing techniques. Remote sensing is increasingly used 

for identifying and analysis of urban expansion since it is cost effective and 

technologically efficient. In recent years, these methods have progressed and 

have been widely used in management of natural resource and urban planning 

This study gives a clear indication of unguided expansion in the growth of 

kabong, It has examined the changes of growth at different epoch of Kabong, 

Jos North’s main socioeconomic powerhouse from 1998-2018 with a projection 

to 2028 using remote sensing data and GIS techniques. The analysis revealed 

that ULC was faster within the different epoch most especially in 2008-2018 

coinciding with trend of rapid population increase. Classification results shows 

that the built-up cover increased from 24462(9.8%) in 1998 to 552.69Ha 

(22.2%) in 2008.in 2018 to 1071.27km2(43.18).the use of GIS to predict future 
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expansion of the study area and possible changes in land uses was modeled with 

the aid of markov chain technique. The ULC modeling revealed that by 2028 

the built up would increase to 1381.77 with7741 population increase. These 

findings are important in the context of landscape and development planning. It 

is observed that the change witnessed over these periods is not only significant, 

but also has a lot of implications for land use planning and vegetation, and more 

importantly for sustainable development.  

These will provide local decision markers the most accurate tempo-spatial 

quantitative inventory of the physical growth and expiation of kabong. The 

landaus land cover change information will provide researches a glimpse of land 

use situation in the area and stimulate research in the general theme of urban 

land cover and land use change in a more effective way. 
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