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Abstract 

The Urban Sprawl is a global phenomenon associated with population increase which is 

characterized by an un-planned and uneven pattern of growth, driven by a multitude of 

process and leading to inefficient resources utilization. 

This paper assesses the effect of expansion of Damaturu Metropolis and appraises the 

changes that occurred in the landscape from 2000 to 2020. The study made up of information 

extracted from Enhanced Thematic Mapper (ETM+ 2000, 2010 and 2020) satellite images, 

the spatial location of some notable points within and around the study area as well as 

attribute data obtained of the study area through Questionnaire. 

The images were used to increase a False Colour Composite (FCC) where the training 

polygon were chosen and classified based on their spectral signatures. The spatial locations 

were overlaid on the Topographical Map and on imageries for appraisal. The Questionnaires 

distributed and retrieved were administered for attribute information. 

The results revealed from the classification that from 2000 to 2010, the built-up area 

increased from 270.09 to 307.80hectas which is 1.91 and 2.17% of the total area covered and 

from 2010 to 2020, the built-up area increased from 307.80 to 1270.52hectas, that is 2.17 to 

10% of the total area which is more than triple to the increase between 2000 to 2010. The 

system revealed in the results that the area will in the next 20 years increase by 

73.253700km
2 

which is 52% of the total area. 

The questionnaire administered revealed that majority of the increase in population are 

predominantly youths between the age 26 to 45 which covers 70% of the increase and are 

mostly Nigerians from different places which might be probably due to insurgency. The 

system used CELLULAR AUTOMATA (CA) for the allocation of new built-up area into other 

land use classes. The research recommends government/stake holders to develop policies to 

maintain the land for future use, as the absence of any land use planning may lead to land 

degradation. 

Keywords: Urban Sprawl, built-up areas and Cellular Automata 
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1.0 INTRODUCTION 

An Urban sprawl usually described as the distribution of a city to its environs. It is the 

building of residential and commercial buildings in the adjoining rural areas or otherwise 

undeveloped lands at the outskirts of a city (wiseGEEK, 2003). As stated by Tofowomo 

(2008), a general consensus is that urban sprawl is characterized by an unplanned and uneven 

pattern of growth, driven by a multitude of processes and leading to inefficient resource 

utilization. UN-HABITAT (2010) remarked that in many developing countries, urban sprawl 

encompasses two major and contrasting types of development. 

An Urban sprawl is defined as “the spreading of urban developments on undeveloped land 

near a city”. It has been described as the unrestricted growth in many urban areas of house, 

commercial development and roads over a large expanse of land with little concern of urban 

planning (Farunkarimi O. 2003). 

Geographic information system (GIS) is computer system for capturing, storing, checking, 

and displaying data related to positions on earth surface (2022). The GIS technology is a 

crucial part of spatial data infrastructure, which is defines as “the technology, policies, and 

related activities necessary to acquire, process, distribute, use maintain, and preserve spatial 

data (Mishra M. et al 2011). The GIS uses any information that includes location. The 

location can be expressed in many different ways, such as latitude and longitude, address, or 

Zip code (Shalaby and Teteishi 2007). Many types of information can be compared and 

contrasted using GIS. The system can include data about people, such as population, income, 

or education level. It can include information about the landscape, such as the location of 

streams, different kind of vegetation, and different kinds of soil. It can include information 

about the sites of factories, farms, and schools, or storm drains, roads, and electric 

powerlines. 

With GIS technology, people can compare the location of different things in order to discover 

how they relate to each other. For example, using GIS, a single map could include sites that 

produce pollution, such as factories, and sites that are sensitive to pollution, such as wetlands 

and rivers. Such a map would help people determine where water supplies are most at risk 

(Moltz, et al 2020).     

The Remote sensing is the acquisition of information about an object or phenomenon without 

making physical contact with the object, in contrast to observation in situ or on-site 

observation. The term is applied specially to acquiring information about Earth and other 

planets (Shankar N. et al 2020). The remote sensing provides another tool that can be 

integrated into a GIS. The Remote sensing includes imagery and other data collected from 

satellites, balloons, and drones 

In Nigeria, unprecedented population growths coupled with unplanned developmental 

activities have led to urban centers, lacking infrastructural facilities. These also have posed 

serious implications on the research base of the country. Urbanization takes place either in 

radial direction around a well-established city, or linearly along the highways. This dispersed 

development along highways, or surrounding the city and in rural countryside is often 

referred to as sprawl (Theobald, 2001). Some of the causes of the sprawl include population 

growth, economy and proximity to resources, as well as the basic amenities. Patterns of 

infrastructure initiatives such as the construction of roads and service facilities (such as 

hotels, etc.) often encourage regional development, which eventually can lead to 

urbanization. Many individuals prefer to live in, or near the urban areas because of the 

availability of different means of earning livelihood in a more, or less compact area and the 

availability of necessary facilities for comfortable living in a consolidated area including 
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utilities and services, shopping, recreational and cultural facilities, educational facilities, 

means of communication and movement. Urban areas developed either through objectively 

planned areas, guided and regulated by deliberate regulation and control systems, or 

spontaneous growth through unplanned isolated constructions especially on the city fringes 

(Ogbazi J. 1992). 

The high rate of urbanization has become a worldwide phenomenon and Nigeria is not left 

out in the prevailing global demographic and spatial flux. It has been observed that urban 

settlements attract people as they offer better economic opportunities and provide access to 

basic social needs like water and sanitation, better health care and well-being (Oluwole, 

2011). Oyinloye & Adesina (2011) analyzing the situation in Ibadan city (situated at about 70 

km west of Ile-Ife town), observed that one human phenomenon that has been impacting 

severely on the environment is urbanization. This is reflected by the quality of life in urban 

centres as well as the spread of the urban features into rural areas. The authors revealed that 

the urban infrastructures such as roads/streets, electricity, water supply system and waste 

management system are depreciating and this has compounded the way the cities are 

sprawling far beyond the range for which the facilities were planned and projected. Beside 

the expansion of cities into valuable farmlands, urbanization produces solid wastes, and in 

many cities in Nigeria, the government is obviously losing the battles against the colonization 

of human abode by human and industrial wastes (Oyinloye & Adesina, 2011; Raji, 2001; 

Faniran, 1994). It is therefore obvious that urban sprawl has negative impact on the 

infrastructure and sustainability of cities. In most cases, it translates to an increase in the cost 

of transport, public infrastructure and residential and commercial development. In many 

places, urban sprawl encourages new developments that cause significant loss of prime 

farmland. When cities are improperly planned, urban sprawl also adds to environmental 

degradation (UN-HABITAT, 2010). 

Ideally, the growth that takes place around the urban areas should be channeled in an orderly 

manner that can produce an economically efficient, socially and personally satisfying living 

environment. In practice, ideal growth can hardly be achieved due to many practical reasons 

and difficulties including inefficiency and lack of timely funding of development projects, 

inefficient management systems, weak legal support, etc. The direct implication of such 

urban sprawl is the change in the land use and the land cover of the region. Government 

Intervention is often required to guide urban development for achieving an orderly 

development of the different areas of the city so as to improve the quality of the city and the 

standard of living of the people. The ability to service and develop land heavily influence the 

economic and the environmental quality of life in towns (Turkstra, 1996). Identification of 

the patterns of sprawl and analyses of spatial and temporal changes would help immensely in 

planning for proper infrastructural facilities. 

Patterns of sprawl and analyses of the spatial and temporal changes could be done cost 

effectively and efficiently with the help of the Geographic Information System (GIS) and the 

Remote Sensing (RS) techniques. GIS and remote sensing are land related technologies and 

are therefore very useful in the formulation and the implementation of land related 

component of sustainable development strategy.  

Spatial patterns of urban sprawl over different time periods, can be systematically mapped, 

monitored and accurately assessed from the satellite data (remotely sensed data) along with 

conventional ground data (Lata et al., 2001). Modelling urban sprawl provides a “picture” of 

where this type of growth is occurring, helps to identify the environmental and natural 

resources threatened by such sprawls, and to suggest the likely future directions and patterns 

of the sprawling growth.  



Scholarly Journal of Science and Technology Research & Development | ISSN: 2955-0807 

Vol. 2, Issue 2 (February, 2023) | www.ijaar.org/sjstrd 

 

4 
 

Observations have shown that, since the creation of Yobe State on August, 27, 1991, the 

daily influx of people in to the State Capital has put high demand on land, giving rise to high 

impacts of land use changes in Damaturu Metropolis. Urban sprawl increases traffic 

problems, depletes natural resources, and mounts pressure on infrastructure, particularly in 

the peripheral areas. This has translated into socio-economic and political problems, thereby 

imposing great challenges to the urban planners, city administrators, and the general public. 

The implications of the urban sprawl are not only on the surrounding neighborhood with the 

loss of agricultural lands, or ecological habitats, but on the basic amenities such as, 

transportation, water supply and sanitation, energy, etc., within the inner core of the city. 

Remote sensing techniques have advantages in characterizing the spatiotemporal trends of the 

urban sprawl using multi-sensor satellite data, providing the basis for projecting future 

urbanization processes. Such information can support policy making in urban planning and 

natural resource conservation. 

1.1 Aim and Objective 

The aim of this study is to assess the urban sprawl occurring in Damaturu Metropolis using 

remote sensing and geographic information technique.  

the study aim was be achieve through the following objectives: 

1) to produce the land cover map of the study area;  

2) to design and administer the questionnaire 

3) to analyze the urban sprawl pattern for the study area, between the year 2000 

to 2020, through the Map produced and the administered questionnairesby 

Remote Sensing and the GIS technique;  

4) to model the future pattern of the sprawl using the raster approach; 

5) to make Conclusion and recommendation based on the results obtained. 

1.2 Research questions   
In line with the objectives above, the study provide answers to the following research 

questions: 

1) What has been the pattern of spatial urban sprawl of the Damaturu metropolis in the 

past? 

2) What was the trend of the spatial urban sprawl of the Damaturu Metropolis between 

the year 2000 and 2020? 

3) If this trend continues, how is the Damaturu Metropolis going to be in the next twenty 

(20) years? 

4) What are the factors responsible for the spatial urban sprawl? 

5) If this trend continues, how is the Damaturu Metropolis spatial sprawl phenomenon 

going to be in the next twenty (20) years? 

6) What are the implications of this spatial urban sprawl on the urban environment? 

 

1.3 Justification of the Study 

Urban expansion is a global phenomenon associated with population increase. This has led to 

the growth of cities which have resulted into social and environmental abnormality around 

the world. It has also led to serious land use problems such as loss of agricultural land, urban 

sprawl, high land values, speculation in land and other related problems. In the emerging 

scenario, it is essential to have an updated information on urban growth patterns and its 

impact on the living environment. For a better planning of the future urban development and 

infrastructural planning, municipal authorities need to know of the urban sprawl phenomenon 

and the pattern it is likely to take in the near future. 
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 Unfortunately, the conventional surveying and mapping techniques are expensive and time 

consuming for the estimation of urban sprawl and such information are not available for most 

of the urban centres, especially in the developing countries. As a result, this study is directed 

to mapping and monitoring of urban sprawl using the remote sensing and the GIS techniques 

(Epstein, et al., 2002). 

The study focused on assessing urban sprawl, it also determined the location, the nature, the 

trend, the rate, and the magnitude of the urban sprawl through the spatial growth of Damaturu 

Metropolis, Yobe state; and it forecast for the future pattern of the sprawl in the study area. It 

furtheridentifies the causes of the urban sprawl and its effects on the socio-economic 

activities of the people in Damaturu 

 

3. Materials and Methods 

3.1 The Study Area 

The study limited itself to Damaturu Metropolis with the geographical location lying between 

the latitude 11º 42’N and 11º 47’N, and between the longitude 11º 54’E and 12º 02’E. The 

selection of Damaturu Metropolis alone was based on time constraint and also on the fact 

that, the town is growing at an alarming rate due to change in the status since August 27, 

1991, to the capital of Yobe State and also mass number of immigrant (refugees) from 

various local governments and neighboring states due to Boko Haram insurgency, thereby 

facilitating increasing the influx of people into the state capital that put a high demand on the 

land and other social amenities. The map of the study area is seen in figure below: 

 
Figure 1.1 The Study Area 

Source: Ministry of Land and Survey, Damaturu, Updated in 2022. 

 

3.2 Data types and Sources 

The sources of the data used in this work are divided into primary and secondary data. 

The primary data involve researcher’s physical observation with Global Position System 

(GPS), Oral interview and Administration of questionnaire. 
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Then secondary data were designed land use map (Hard copy) of the study area, published 

and unpublished documents, Topo map, government records and documented statistics. 

In line with Ader and Mellerbergh’s (2008) who suggested that sample data should be small 

in order to improve the quality and accuracy of the research work. It is in view of that that 

120 copies of the questionnaires were distributed and administered. It is based on this that  

the questionnaire was distributed in three areas i.e low, medium and higher density areas as 

seen below. 

Table 3.2 Land use Classes and Ranking 

S/N 

1. 

2. 

3. 

LAND USE 

Low Density Areas 

Medium Density Areas 

High Density Areas 

Total 

NO. OF QUESTIONAIRES 

40 

40 

40 

120 

PERCENTAGE (%) 

33,33 % 

33.33 % 

33.33 % 

100 % 

 

Both stratified and systematic random sampling methods were used in administering the 

questionnaires.  

3.3 Image processing 

In remote sensing, digital image processingis important owing to two principle areas of 

application.  

1. The improvement of spectral information for visual interpretation and  

2. The processing of image data for computer assisted classification. All these principles are 

undertaken with aim of increasing the spectral separability of the object features in the image. 

The processing involves the georeferencing of image and map though that of image were 

found to be georeferenced which was confirmed by selecting and applying the ground control 

points (GCPs), Nearest-neighbor re-sampling technique was also use and the root mean 

square (RMS) error of georeferencing was approximate 0.5 pixels. After the georeferencing, 

therelative spectral colors were determined of the image when the color combination of bands 

4,3 and 2 for Red, Green and Blue (RGB), respectively as seen in figures below: 

 
Fig. 3.1: Landsat Image (Band 4,3, and 2) Enhanced Thematic 

Mapper ETM+,2000 

Source: Author’s Laboratory work, 2022   
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Fig 3.2; Landsat Image (Band 4, 3, and 2) Enhanced Thematic Mapper ETM+, 2010 
Source: Author’s Laboratory work, 2022 

 

 

Fig 3.3; Landsat Image (Band 4, 3, and 2) Enhanced Thematic Mapper ETM+, 2020 
Source: Author’s Laboratory work, 2022 

 

 

Fig 3.4; Damaturu Image map index, 2022 
Source: National population commission, 2022 
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3.5 Measuring Urban Sprawl 

To understand the complexity of a dynamic phenomenon such as the urban sprawl; land use 

change analyses, the urban sprawl pattern and computation of sprawl indicator indices were 

conducted. 

During the processing, five main methods of the data processes were adopted in this study viz: 

1.  Supervised classification with maximum likelihoodalgorithm was used where the 

images were displayed in False Colour Composite (FCC) for a better visualization and 

identification of the built-up lands, forest lands, Water bodies, vegetation/Agriculture and 

Other lands. 

Training sample sets were collected based on the ground truth data during field the checks.  

Statistical data were then extracted from the classified sample set. 

2. Calculation of the Area in hectares of the resulting land use/land cover types for each 

study year and subsequent comparison of the results 

The comparison of the land use / land cover statistics assisted in identifying the percentage change, 

trend and the rate of change in the Land use sprawl. 

In achieving this, the first task was to develop a table showing the area in hectares and the percentage 

change for each year measured against each land use land cover type. Percentage change to 

determine the trend of change was then calculated by dividing the observed change by the sum of 

changes multiplied by 100 

(trend) percentage change = observed change  * 100 

                                          Sum of change      

To obtain annual rate of change, the percentage change was divided by 100 and multiplied by the 

number of the study year. 

3. Land Consumption Rate (L.C.R) and Land Absorption Coefficient (L.A.C) 

The Land consumption rate and the absorption coefficient formula are as below; 

 L.C.R = (A/P)                 A = area extent of the city in hectares   

                                         P = population  

 L.A.C = (A2 – A1) / (P2– P1)A1 and A2 are the area extents (in hectares) for the early and the 

later years, and P1 and P2 are the population figures for the early and the later years 

respectively (Yeates and Garner, 1976)  

L.C.R = A measure of compactness which indicates a progressive spatial expansion of a city. 

L.A.C = A measure of change in the consumption of new urban land by each unit increase in 

the urban population. 

The first task to estimate the population figures is to multiply the growth rate by the census figures of 

the Damaturu metropolis in both years and then dividing same by 100. The result was multiplied by 

the number of years being projected for, the result of which was added to the base year population. 

This is represented in the formula as below;  

n = r/100 * Po           (1)         

Pn = Po + (n * t)       (2)         
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Pn = estimated population    Po = base year population  

   r = growth rate                                          n = annual population growth   

   t = number of years projecting for  

In evaluating the socio – economic implications of change, the effect of observed changes in the land   

use and land cover between 2000 and 2020 was used as major criteria. 

4. Overlay Operations 

To determine and establish the relationship between the images overlay operations identifies 

the actual location and the magnitude of change by identifying differences in the state of an 

object or phenomenon and observing it at different times, though this is limited to the built-up 

land. Boolean logic was applied to the result through the reclass module of IDRISI Taiga 

software which facilitated the mapping out of separate areas of change for which magnitude 

was later calculated for. 

5. Cellular Automata (CA) and Markov chain Analysis for predicting change 

One of the basic spatial elements that underlay the dynamics of many change events is 

proximity: areas will have a higher tendency to change to a different class when they are near 

existing areas of different phenomenon (i.e., an expansion phenomenon). These can be very 

effectively modeled using a automata. A cellular automaton is a cellular entity that 

independently varies its state based on its previous state and that of its immediate neighbors 

according to a specific rule.  Here the Models was developed using the CA and the Markov 

chain analysis in order to pinpoint where sprawl takes place, which would help in effective 

visualization and understanding of the impacts of urban sprawl. 

3.7 Methods of data analysis 

The research work adopted stepwise procedure from the problem identification to the final 

output. The methodology of the research procedures is given in the following work flow. 
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Figure 3.5: Methodology work Flow 

Source: Author’s Laboratory work, 2022 

 

4.0 RESULT AND ANALYSIS 

4.1 Identification of urban sprawl 

4.1.1 Image Analysis and Interpretation 

The standard image processing techniques such as the image extraction, rectification, 

restoration and classification, was applied in the current studyusing the Gaussian Maximum 

Likelihood Classifier. 

 The images were classified with an average reliability and average overall accuracy of 74 

and 60 percent into four (4) broader categories as built-up lands, other lands, vegetation - 

agriculture and water bodies as shown in Figures 4.1, 4.2 and 4.3.  

From the classified images, the area under the built-up lands, other lands, vegetation – 

agriculture, and the water bodies were computed and tabulated accordingly, for further 

analyses. 
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Table 4.1; Land Use Land Cover Distribution (2000, 2010, and 2020)  
 

LANDUSE/LAND COVER 

CATEGORIES 

 

BUILT-UP LANDS 

OTHER LANDS 

VEG. &  AGRICULTURE 

WATER BODY 

TOTAL 

 

 2000 2010 2020 

AREA 

(Ha.) 

 

270.09 

9475.47 

4307.49 

87.75 

14140.80 

AREA 

(%) 

 

1.91 

67.01 

30.46 

0.62 

100 

AREA 

(Ha.) 

 

307.80 

11169.81 

2553.21 

109.98 

14140.80 

AREA 

(%) 

 

2.17 

78.99 

18.06 

0.78 

100 

AREA 

(Ha.) 

 

1370.52 

5340.15 

7173.63 

256.50 

14140.80 

AREA 

(%) 

 

10 

38 

50 

2 

100 
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4.2 Analysis of the urban sprawl pattern 

4.2.1 Trend, Rate and Magnitude of the Land Use Land Cover Change 

  The results of the satellite image classification (in Fig. 4.1 above) suggest that the 

metropolitan area has experienced significant land conversions mainly due to urban 

expansion. The general trends in land cover changes were identified at the metropolitan level, 

as summarized in the Table 4.2, which also shows that, the built-up land cover increased over 

the past two decades ranges from 2% of the total land (study) area in 2000, to 10% of the 

same land area in 2020, and the vegetation-Agricultural land cover and the other lands as 

classified bore the major burden of the urbanization.  

Studying the spatial and temporal heterogeneity of the land cover changes allowed us to 

identify fast and the slow sprawling areas. From the annual rate of change in the Table 4.2 

below it suggests that the Damaturu Metropolis experienced fast built-up land cover over the 

past two decades. 

Table 4.2 Land use land cover change of Damaturu and its environs (2000, 2010 and 2020) 
 

LANDUSE/LAND  

COVER 

CATEGORIES 

 

 

BUILT-UP LAND 

OTHER LANDS 

VEG.& AGRIC 

WATER BODY 

2000 – 2010  2010 – 2020 ANNUAL RATE 

OF CHANGE 

AREA 

(Ha.) 

 

 

37.71 

1694.34 

-1754.28 

22.23 

PERCE 

TAGE 

CHANGE 

 

1 

48 

-50 

1 

AREA 

(Ha.) 

 

 

1062.72 

-5829.66 

4620.42 

146.52 

PERCENT 

AGE CHA 

NGE 

 

9 

-50 

40 

1 

2000 - 2010 

 

 

 

0.13 

6.24 

-6.5 

0.13 

 2010 – 2020 

 

 

 

0.54 

-3 

2.4 

0.06 

  

The percentage change in the built-up lands between the year 2000, and the 2020 (9% as from the 

Table above) was found to be very much higher than that of between the year 2000, and the 2010 

(1%). This may suggest that the rate at which the new lands were acquired for development after the 

state creation is high and this may also be the trend between the year 2020, and the 2040, as there 

seems to be development expanding towards the outskirts of the city in the form of sprawl. The 

following Figure 4.4 shows the gains and the losses in the built-up lands between the year 2000, and 

the 2020 (9%) that indicate some significant differences. 
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4.3 Analysis of the factors underlying the urban sprawl 

4.3.1 Questionnaire survey 

Findings from the questionnaire survey deduced from the forms as shown in the appendices 

revealed that more than half of the people in Damaturu metropolis constituting 70 % as 

shown in Table 4.3.1.1 are young men and women between 26 and 45 years, because they are 

in the productive age. About 15 % of the respondents are between the ages of 15 and 25years, 

and only 12.5% and 2.5% are between the ages of 46 and 55 years, and between 56 years and, 

above, respectively, as shown in Table 4.3.1.1. 

Table 4.3.1.1: Age of Respondents 

S/N AGE FREQUENCY PERCENTAGE 

1. 

2. 

3. 

4 

15 – 25 yrs 

26 – 45 yrs 

46 – 55 yrs 

56 yrs and Above 

Total 

18 

84 

15 

3 

120 

15 % 

70 % 

12.5 % 

2.5 % 

100 % 

 

The age distribution table did not record the responses from the age groups less than 15years, 

because they are classified as dependents. The relatively low percentage of the people of the 

age between 56 years and above as illustrated in Table 4.3.1.1, shows that a significant 

number of the people in Damaturu Metropolis are youth. 

Evidence from the field observation indicate that the population of Damaturu is not only from 

the rural areas around, or within the Yobe state only, but also from different states in Nigeria 

and outside Nigeria as shown in Table 4.3.1.2 below.  

Table 4.3.1.2: Nationality 

S/N ORIGIN FREQUENCY PERCENTAGE CUMMULATIVE 

PERCENTAGE 

1. 

2. 

3. 

Non Nigerians 

Nigerians but from 

different places 

Indigenes of Damaturu 

Total 

22 

47 

51 

120 

18.3 % 

39.2 % 

42.5 % 

100 % 

18.3 % 

 

57.5 % 

100 % 
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Although about 57.5 % of the respondents are non-indigenes of Damaturu and 42.5 % are 

indigenes as represented in Table 4.3.1.2 above, Non-Nigerians constitute 18.3 % and the 

majority of them are from the Niger Republic Chad Republic and the Cameroun Republic due 

their proximity to Damaturu. 

Findings from the questionnaire survey in Table 4.3.1.3 below shows how long have the people been 

in Damaturu. This revealed that more than half of the people in Damaturu constituting 57.50 % as 

shown in Table 4.3.1.3, are non-indigenes of the study area, though some are from Yobe state.  

Table 4.3.1.3: The length of time of the people living in Damaturu 
S/N TIME OFMIGRATION FREQUENCY PERCENTAGE CUMMULATIVEPERCENTAGE 

1. 

2. 

3. 

4. 

5. 

6 

Indigenes  

< 5 yrs 

6 – 10 yrs 

11 – 15 yrs 

16 – 20 yrs 

21 yrs and Above 

Total 

51 

13 

22 

19 

9 

6 

120 

42.50 % 

10.83 % 

18.33 % 

15.83 % 

7.5 % 

5.01 % 

100 % 

42.50 % 

53.33 % 

71.66 % 

87.49 % 

94.99 % 

 

100 % 

 

The following Table 4.3.1.4 shows the role of economy the movement with about 14.17 % of 

the respondents being motivated to migrate for economic reasons. Next to it is migration for 

academic purposes with 9.17 % respondents, while 5.0 % and 29.16 % respondents migrated 

to settle with their families and for civil service, respectively. The consequence of these is 

urban growth which has positive and negative impacts on the Damaturu metropolis.  

Table 4.3.1.4: Reasons for migration to Damaturu 
S/N REASONS FREQUENCY PERCENTAGE CUMMULATIVE PERCENTAGE 

1. 

2. 

3. 

4. 

 

5. 

 

Job 

for academic purposes  

civil service  

Settlement with family and 

doing business 

 Indigenes 

 

Total 

17 

11 

35 

6 

 

51 

 

120 

14.17 % 

9.17 % 

29.16 % 

5.00 % 

 

42.50 % 

 

100 % 

14.17 % 

23.34 % 

52.50 % 

57.50 % 

 

 

 

100 % 

 

The growth of Damaturu metropolis in the past 20 years is obvious as 63.33% of the 

respondents viewed it as rapid manifesting in increasing economic activities and expansion of 

the residential areas. 36.67% of the respondents believing that the growth is normal as shown 

in the following Table 4.3.1.5. 

 

Table 4.3.1.5: The Growth of Damaturu over the past 20 years 
S/N COMMENTS FREQUENCY PERCENTAGE CUMMULATIVE PERCENTAGE 

1. 

2. 

There is rapid increase  

The growth is normal  

Total 

76 

44 

120 

63.33 % 

36.67 % 

100 % 

63.33 % 

100 % 

Findings from the questionnaire survey as summarized in Table 4.3.1.6 below shows the factors 

underlying the spatial urban sprawl. This shows that field observations revealed that 43.33 % of the 

respondents felt that the factors underlying the spatial urban sprawl was owing to migration, while 

39.17 % respondents, and 17.50 % respondents support that it was due to population growth and 

poverty, respectively (Table 4.3.1.6). 
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Table 4.3.1.6: Factors underlying the spatial urban sprawl 
S/N COMMENTS FREQUENCY PERCENTAGE CUMMULATIVE PERCENTAGE 

1. 

2 

3.. 

Migrations  

 

Population growth 

Poverty 

 

Total 

52 

47 

21 

 

120 

43.33 % 

39.17 % 

17.50 % 

 

100 % 

43.33 % 

82.50 % 

100 % 

 

Findings based on the questionnaire survey revealed that 68.33 % of the respondents revealed that 

the effects of the spatial urban sprawl on the environment includes loss of agricultural land, while 

11.67 %, and 20 % of the respondents indicate loss of open spaces and distorted master plan, 

respectively.  

Table 4.3.1.7: Effects of the spatial urban sprawl on the Environment 
S/N COMMENTS FREQUENCY PERCENTAGE CUMMULATIVE PERCENTAGE 

1. 

2 

3. 

Loss of agricultural Lands  

Loss of open spaces 

 Destroyed master plan 

Total 

82 

14 

24 

120 

68.33 % 

11.67 % 

20.00 % 

100 % 

68.33 % 

80.00 % 

100 % 

 

4.3.2 Built-up area as an indicator of urban sprawl 

The percentage of the area covered by the impervious surfaces such as the asphalt and the 

concrete is a straight forward measure of development (Barnes et al, 2001). It can be safely 

considered that developed areas have greater proportions of the impervious surfaces, that is 

the built-up areas as compared to the lesser-developed areas. Furthermore, the population in 

the region also influences the sprawl. The proportion of the total population in the Region to 

the total built-up of so, is a measure of quantifying the sprawl. Since the sprawl is 

characterized by an increase in the built-up area along the urban and the rural fringe. This 

attribute gives considerable information for understanding the behaviour of such sprawls. 

This is also influenced by parameters such as, population density, and population growth rate, 

etc.  

 

4.3.3 Population Growth and Built-up Area 

The rate of development of land in Damaturu metropolis is far outstripping the rate the 

population growth (Table 4.3.3 below). This implies that the land is consumed at excessive 

rates and probably in an unnecessary amount as well. Between the year 2000 and the year 

2020, population in the Region grew by 19%, while the amount of developed land grew by 

56%, or nearly three times the rate of the population growth (Table 4.3.2). This means that 

the per capita consumption of the land has increased markedly over two decades (Table 

4.3.3). The per capita land consumption refers to the utilization of all the land development 

initiatives such as the commercial, the industrial, the educational, and recreational 

establishments along with the residential establishments per person. Since most of the 

initiative’s paves way for creation of jobs and subsequently help in earning livelihood, 

development of the land is seen as the direct consequence of this, hence it can be concluded 

that the per capita land consumption is inclusive of all the associated land developments. 
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Table 4.3.3.1: Population Data of Damaturu between 2000 and 2020. 
YEAR 

 

2000 

2004 

2010 

2020 

2021 

POPULATION (inhabitant) 

 

32,427 

38,053 

49,155 

59,560 

87,706 

SOURCE 

 

RESEARCHER’S ESTIMATE 

NPC (1992) 

RESEARCHER’S ESTIMATE 

RESEARCHER’S ESTIMATE 

NPC(2009) 

 

Table 4.3.3.2: Population and built-up lands growth of Damaturu between 2000 and 2020. 

YEAR 

2000 

2010 

2020 

POPULATION  

32,427 

49,155 

59,560 

BUILT-UP LANDS (AREAS IN ha) 

270.09 

307.80 

1370.52 

 

Table 4.3.3.3: Land consumption rate and Absorption coefficient 
YEAR 

2000 

2010 

2020 

LAND CONSUMPTIONRATE 

0.008 

0.006 

0.023 

PERIOD 

2000-2010 

2000-2010 

LAND ABSORPTION COEFFICIENT 

0.002 

0.002 

 

4.4 Modelling urban sprawl  

The land use analysis of the Region and the preliminary analysis on the population growth for the 

same period as discussed in the previous sections indicated some significant relationships between 

the change in the built-up area to the population growth, and the population-built-up density. 

Population has been for long accepted as a key factor of urban sprawl. The Cellular Automata (CA) 

transitions are defined for the allocation of the new built-up areas into other land use classes. 

Furthermore, the allocation is also based on the suitability of the cells whose area ranked after the 

multi-criteria evaluation for the suitability of the land. In twenty-iteration (i.e. from year 2020 to 

2040) of the CA model, the simulation time is set to twenty (20) years and so the model allocated the 

land use into the urban for the amount determined by the prediction model for demand also 

established for fifteen-years simulation time. 

 
 

Fig. 4.5; Model predicting Damaturu growth in the year, 2040 

Source: Author’s Laboratory work, 2022 
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In the above analysis and the projection, the underlying assumption is that only those land use 

classes other than the urban, would be considered for the new urban areas, implying that the urban 

growth could increase and would never recede. Thus, when the simulation is executed, a set of 

output for the respective years would be depicting the future urban growth. Thus, the CA model for 

simulating the urban growth is configured for the area under study by considering some of the 

drivers. 

4.5 Transition Probability Matrix 

The transition probability matrix records the probability that, each land cover category will change to 

the other category. This matrix is produced by the multiplication of each column in the transition 

probability matrix with the number of cells of the corresponding land use in the later image. 

For the 4 by 4 matrix Table presented below, the rows represent the older land cover categories, and 

the column represents the newer categories. Although, this matrix can be used as a direct input for 

specification of the prior probabilities in the maximum likelihood classification of the remotely 

sensed imagery, it was, however, used in predicting the land use land cover of in year 2040. 

Table 4.5.1: Transitional Probability derived from (From Idrissi Andes Software) the land use 

land cover map of the year, 2000 and the 2020.  

"Class_Name" 

 

Built-up lands" 

 

Other 

lands 

Vegetation and 

Agriculture 

Water body" 

"Built-up lands" 

"Other lands" 

"Vegetation and Agriculture" 

"Water body" 

0.0000 

0.5894 

0.5430 

0.2429 

0.8243 

0.0000 

0.0000 

0.2644 

0.0479 

0.0643 

0.0798 

0.1020 

0.1278 

0.3463 

0.3772 

0.3907 

Row categories represent the land use land cover classes in the year 2020 while the column categories represent 

that of the year, 2040 classes.  

Table 4.5.2.: Projected Land use land cover for 2040 (Derived from ArcGIS Software) 
"Class_Name" Area_sqKM Area sqKM (%) 

"Built-up lands" 

"Other lands" 

"Vegetation and Agriculture" 

"Water body" 

 

Total 

73.253700 

35.743499 

22.434299 

9.976499 

 

141.407997 

52 

25 

16 

7 

 

100 

 

The Table above shows the statistics of land use land cover projection for the year 2040. This 

may tend to suggest a change in the land use classes between 2020 and 2040. Thus, in Table 

4.6, built-up lands have the highest proportion in the classes, while the water body retains its 

least position.  

This shows that there is likely to be compactness in Damaturu by 2040 which signifies 

crowdedness and more urban sprawl as also shown in the Figure below: 
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Figure 4.5: Graph showing the expected Gains and losses by the year 2040 

Source: Author’s Laboratory work, 2022 

 

4.6 Discussion 
Damaturu metropolis has recorded a significant increase in the built-up areas, and in the 

fringe of the town, mainly owing to population growth and development in its formal and 

informal sector of the economy. One of the critical issues associated with this expansion in 

Damaturu metropolis over the years, has been the haphazard and unplanned development as 

well as distortion of the existing plans common in the southern and the northern part of the 

metropolis. Associated with this, is road traffic congestion, high level of crime, stream 

constriction, clogging of the drains, high rate of waste generation and the improper waste 

disposal. Despite this growth in population and the increase in the built-up areas, 

development in infrastructural provision and services in the areas has not been made 

sufficiently. 

Comparing the series of the LandSat images in Figure 4.1 Damaturu metropolis is expanding 

in every direction, but with more concentration in the south. The important aspect in the area 

land use change is the large extent of increase of the built-up land from 2% to 10%.  

5.1 Summary 
The study focused on the application of geo-information techniques to assess the urban 

Sprawl through the spatial growth of Damaturu Metropolis in Yobe State, with the objectives 

as to produce the land use land cover map of the study area; to analyse the urban sprawl 

pattern for the study area between the 2000 and the 2020 through Remote Sensing and GIS.  

5.2 Conclusion 
The urban sprawl for the period of twenty years between the 2000, 2010 and the 2020 of 

Damaturu Metropolis was successfully achieved through the application of the GIS and the 

Remote Sensing techniques thereby integratingthe satellite imageries and software packages. 

 

5.3    Recommendations 

Regarding the rapid rate at which the city is growing, coupled with urban land 

transformation, there is the need for adequate planning strategies to be formulated in order to 

properly monitor and control the uncoordinated land occupation such as the extension of built 

up area to flood plains and floodable areas. This planning scheme should also consider a land 

administration programme at the formulation and implementation stages. 
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Success is a journey not a destination, therefore one man’s success may be another’s 

beginning of the journey as such, there is need for project like this to be carried out and 

improvement made upon. 
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