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Abstract 

Regular monitoring of land use land cover changes is essential for proper land 

use planning. However, the land use land cover changes in Jalingo LGA have 

not been estimated in the area. This study analyzed Land use/Land cover 

(LULC) changes of Jalingo LGA for a period of 28 years (1991 to 2019). 

Landsat Thematic Mapper and Enhanced Thematic Mapper multispectral 

images of the area for 1991, 2001, 2011, and 2019 were used. The supervised 

classification technique was used to determine the magnitude, rate and 

dynamics of change in land use within the study period with the help of ArcGIS 

10.2. The results revealed the conversion of 7968.33Ha of bare land to built-up 

areas, a 34.997% reduction of the area covered by bare land and an increase 

of 23.095% for the built-up areas. The built-up areas increased by 23.095 %. 

The bare land was converted to residential and infrastructure use. Water bodies 

were also increased by 0.48% which translates to 110.16 Ha.  Vegetation also 

increased by 11.417% which translates to 2599.65Ha. The research revealed 

that the land use conversion was accelerated by increase in population which 

ultimately increased the demand for housing and farming to support the 

population. This research recommends; there should be properly monitoring 
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Agency to monitor urban planning and Higher resolution images should be used 

for future land use land cover mapping and analyzing changes, the employment 

of different software in the classification process in order to compare results 

and the accuracy of the classification and regularly Monitoring land use land 

cover changes for the purpose of planning for sustainable land development 

and use.  

 

Keywords: Landsat, Thematic, Remote sensing, Satellite, Classifications, 

Dynamics, change, accuracy, vegetation and land use 

 

INTRODUCTION 

 Land use and land cover change (LULCC), also known as land change, is a 

general term for the human modification of earth’s terrestrial surface (Ellis, 

2011). Man has altered his natural environment to suit himself, in a bid to make 

it more comfortable for survival. This change in the environment has impacted 

the structure and function of the ecosystem. More than half of the earth’s 

inhabitants reside in urban areas and this number is increasing globally 

(Martin, 2007). 

Land-cover and land-use information are required for many different kinds of 

spatial planning, from urban planning at a local level up to regional 

development (Gerd, 2009).  

They play an important role in agricultural policy making. Moreover, land-

cover data are used as basic information for sustainable management of natural 

resources; they are increasingly needed for the assessment of impacts of 

economic development on the environment. Hence, they are fundamental for 

guiding decision making at various geographical levels. Various tools and 

methods for collecting land-cover and land-use information have been 

developed to satisfy the user requirements and the information demand.  Land-

use and land-cover changes affect directly and indirectly the environment, 

economy, and society at various spatial and temporal levels. Although their 

impacts have been recognized long ago, especially after the Industrial 
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Revolution, they became a cause of worldwide concern since the second half 

of the twentieth century. Many of them are global in nature as local-level 

changes build up and combine to produce largescale changes that cannot be 

mitigated by local-level actions alone. Meyer and Turner (1992) asserted that 

changes in land use and land cover affect global systems (e.g., atmosphere, 

climate, forest and sea level) and have a significant effect in localized places 

where they occur.  

Land use change requires an understanding of how people make land use 

decision and how various factors interact in specific contexts to influence 

decision on land use. Decision-making is influenced by factors at the local, 

regional or global scale (Verburg et al., 2012) 

LULC will cause land degradation which according to (Briassoulis, 2010)    

Land degradation is an extreme form of land-cover change that results from 

uses of land that overexploit its resources.  

Global changes in land use and climate have highlighted the role of ecosystems 

in food, water, and energy security and in climate change mitigation and 

adaption (Goldstein et al., 2012). Digital change detection is the process that 

helps in determining the changes associated with land use and land cover 

properties with reference to geo-registered multi temporal remote sensing data.  

LULC changes are one of the most evident and fastest processes changing both 

the characteristics of land surface and the potential of natural ecosystems for 

provision of environmental services (Herold et al., 2009). Uncontrolled human 

activities have led to significant modification of the natural biodiversity in the 

world over the years. Consequentially, LULC are changed abruptly without 

adequate consideration for future developments (Adefioye, S.A.2013). The 

incessant need for human development via rapid urbanization and increase in 

human populations has led to a wide spread horizontal development especially 

in the developing countries. As a consequence, river banks are encroached, 

vegetal covers are removed, soil properties are modified and many micros to 

macro ecosystem have gone into extinction in many growing cities like 

Jalingo, Jalingo Local Government has developed strongly during the past 
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decades. For a healthy continuation of the development, it is important to 

examine the type of LULC changes. Where these changes are not met with 

complementing planning and management measures, challenges such as water 

pollution, high risk to disaster (flood), and unstable food production are 

unavoidable, particularly in the riverine areas. The collaboration of remotely 

sensed data and GIS can accomplish land cover classification and change 

detection, faster and cheaper. The supervised classification technique was 

used, because the data of the study area is available and the author has a prior 

knowledge of the study area.  Maximum Likelihood algorithm is a common 

method and it is most appropriate and efficient method in such uneven study 

area. It is still one of the most widely used supervised classification algorithms 

(Yacouba et. Al, 2009).  

The aim of the study is to assess LULC change for the period of Twenty-Eight 

years in Jalingo LGA using Remote Sensing and GIS technology. This is 

considered germane in addressing emerging environmental problems and 

ensuring sustainable land use management which may be anchored on accurate 

and up to date land use data and map that serves as bedrock for evolving a 

sound land use planning and policy for the area under study. with the following 

objectives: - 

1. To classify the satellite imagery of the study area for the years 1991, 

2001, 2011 and 2019. 

2. To produce the LULC maps of the study area. 

3. To study the change pattern of the LULC in the study area within the 

study period. 

 

MATERIAL AND METHODS 

Study area 

Jalingo town is one of the headquarters of 16 LGAs of Taraba state, north-

eastern Nigeria. It became the capital city of Taraba State in 1991 following 

the creation of Taraba State from the defunct Gongola State. The local 

government is located between Latitude 8o54” and 9o01” North of the equator 
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and Longitude 11o22” and 11o30’’ East of the Greenwich meridian (Figure 1). 

Jalingo has a total projected population of 187,500 people in 2016 (NPC,2016) 

and occupies a total land area of 401.2km2 Jalingo economy is largely agrarian 

with most of the people engaged in farming. In terms of solid minerals 

endowments, Jalingo local government is blessed with deposits such as iron 

ore, thorium, graphite and gemstones. 

 

Data 

The data used for this study is the Enhanced Thematic Mapper (+ETM) 

Landsat Images of Jalingo LGA of 1991, 2001, 2011 and 2019 that were 

obtained from the United State Geological Survey (USGS) earth explorer. The 

Landsat image uses the Universal Transverse Mercator (UTM) projected 

coordinate system and WGS84 datum in zone 32. It has a spatial resolution of 

28.5metres. The ground truth data was in the form of reference points collected 

using Geographical Positioning System (GPS) 

 

Methods 

Supervised classification method was used in this research work for the 

classification of satellite images. Supervised classification using maximum 

likelihood classifiers is a well-established technique for the interpretation of 

satellite and airborne remotely sensed images (Weng, 1999). Supervised 

classification has been developed for satellite image-processing where it has 

been applied to the classification of spectral layers. However, it can also be 

applied to other forms of RS and has been used for the classification of 

interpolated acoustic reflectance data (Zhang et.al, 2004). Supervised 

classification was performed on the Landsat image as the features of the study 

area were known. The images were classified by grouping/clustering cells with 

the similar reflectance values (Boakye et al., 2008). 

With the help of ArcGis 10.2 these images were classified into four major 

classes; built-up areas, bare surface, vegetation and water body. Bare surface 

was identified by enclosing it on the map with a polygon. Another polygon is 
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created to encompass a vegetation, another for built-up area, and another for 

water.    

 
   Fig. 1 Map of the Study Area 

 

RESULTS AND DISCUSSION 

Analysis of LULC distribution of Jalingo L.G.A 
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The observed distribution of LULC in Jalingo local government is as 

represented in Table 1 and Fig. 2 respectively 

Table: 1 LULC distribution of Jalingo LGA 

LULC 

CATEGOR

Y 

1991 % 2001 % 2011 % 2019 % 

AREA 

(Ha) 

AREA 

(Ha) 

AREA 

(Ha) 

AREA 

(Ha) 

Built-up 

Areas 

258.48 1.13 868.14 3.81 1868.58 8.20 5517 24.2

3 

Water 

body 

83.34 0.37 249.66 1.09 617.58 2.71 193.5 0.84 

Vegetatio

n 

7653.7

8 

33.61 13875.

3 

60.9

4 

12183.5

7 

53.51 10253.4

3 

45.0

3 

Bare 

surface 

14772.7

8 

64.8

9 

7775.2

8 

34.14 8098.6

5 

35.5

6 

6804.45 29.8

8 

 

 
Fig. 2 Land use land cover classes variation 

 

LULC DISTRIBUTION 1991 

Built-up areas covered approximately 258.48Ha of land which translate to 

1.135% of land. Water body covered 83.34Ha which is 0.366% of the total land. 
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Vegetation covered 7653.78Ha of land which translate to 33.61% of the land. 

Bare surface occupies the highest coverage i.e., 14772.78Ha of the land which 

translates to 64.88% of the total land. The land use   cover distribution is shown 

in Figure 3. 

 
Fig. 3 LULC distribution in 1991 

  

LULC DISTRIBUTION 2001 

The built-up areas covered 868.14Ha of land which is higher compared to the 

258.48Ha in 1991. This shows there was an increase in built-up areas from 
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1.135% 1991 to 3.8% in 2001. Water body increased from 83.34Ha in 1991 to 

249.66Ha in 2001, this shows there was an increase from 0.366% in 1991 to 

1.096% in 2001. Vegetation increased from 7653.78Ha in 1991 to 13875.3Ha 

in 2001, this shows that there was an increase from 33.615% in 1991 to 

60.941% in 2001. There was a minimum change in bare surface coverage as 

the coverage reduced from 14772.78Ha in 1991 to 7775.28Ha in 2001, 

showing a decrease from 64.882% in 1991to 34.149% in 2001. The land use 

distribution in 2001 is as shown in Fig. 4. 
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Fig. 4 LULC distribution in 2001 

 

LULC DISTRIBUTION IN 2011 

There was an increase in the built-up areas from 868.14Ha in 2001 to 

1868.58Ha in 2011, this shows an increase from 3.81% in 2001 to 8.206% in 
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2011. Water body increased from 249.66Ha in 2001 to 617.58Ha in 2011, this 

shows an increase from 1.096% in 2001 to 2.712% in 2011. There was a 

decrease in vegetation from 13875.3Ha in 2001 to 12183.57Ha in 2011, this 

shows a decrease from 60.94% in 2001 to 53.51% in 2011. An increase in bare 

surface was recorded from 7775.28Ha in 2001 to 8098.65Ha in 2011, this 

shows an increase from 34.149% in 2001 to 35.569% in 2011. The LULC 

distribution in 2011 is shown in Fig.5.  

  
Fig. 5. LULC distribution in 2011  

 

LULC DISTRIBUTION IN 2019 

Built-up areas continued to increase from 1868.58Ha i n 2011 to 5517Ha in 

2019, showing an increase from 8.206% in 2011 to 24.230% in 2019. Water 
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body decreased from 617.58Ha in 2011 to 193.5Ha in 2019, showing a 

decrease from 2.712% in 2011 to 0.849% in 2019. There was a decrease in 

vegetation from 12183.57Ha in 2011 to 10253.43Ha in 2019, showing a 

decrease from 53.51% in 2011 to 45.033% in 2019. There was also a decrease 

in bare surface from 8098.65Ha in 2011 to 6804.45Ha in 2019, showing a 

decrease from 35.569% in 2011 to 29.885% in 2019. The LULC distribution 

in 2019 is shown in Fig. 6.  

 
Fig. 6. LULC distribution in 2019 
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ACCURACY ASSESSMENT 

The accuracy assessment of the classified satellite images was carried out 

using the frequency Table and pivot Table in ArcGis. The classification used 

randomly reference points that are known to carry out classification. An error 

matrix for each classification was generated and the overall accuracy for each 

year was calculated and evaluated as shown below in Tables 2, 3, 4 and 5. 

 

Table  2 Accuracy assessment report for 1991 

 
 

Table 3. Accuracy assessment report for 2001 

 
 

Table 4. Accuracy assessment report for 2011 
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Table 5. Accuracy assessment report for 2019 

 
 

CHANGE ANALYSIS  

Change analysis was carried out through image differencing. Two images were 

compared to give the location of changes and the rate. The comparison was 

between the year 1991and 2001, 2001 and 2011, 2011 and 2019 with the last 

one being 1991 and 2019. There has been a great change in LULC in Jalingo 

local government with built-up areas increasing constantly and water body, 

vegetation and bare surface increasing and decreasing at interval.  

 

LULC Change Between 1991 to 2001 

As shown in Table 6, during this period, there was an increase in built-up areas 

by 609.66Ha representing 2.677%. There was also an increase in water body by 

166.32Ha representing 0.73%. Also, there was an increase in vegetation by 

6221.52Ha representing 27.325%. Then there was a decrease in bare surface by 

6997.5Ha representing 30.733%. This shows that vegetation had the highest 

growth during this period.  

 

Table 6 LULC changes between 1991 to 2001 

LAND USE/YEAR 1991 2001 RATE OF CHANGE 

AREA(Ha) % AREA(Ha) % AREA(Ha) % 

Built-up area 258.48 1.13 868.14 3.81 609.66 2.67 

Water body 83.34 0.36 249.66 1.09 166.32 0.73 

Vegetation 7653.78 33.61 13875.3 60.94 6221.52 27.32 

Bare surface 14772.78 64.88 7775.28 34.14 -6997.5 -30.73 
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 LULC Changes Between 2001 and 2011 

As shown in Table 7, during this period, there was still an increase in built-up 

areas by 1000.44Ha representing 4.393%. there was also an increase in water 

body by 367.92Ha representing 1.615%. And there was a decline in vegetation 

by 1691.73Ha representing 7.430% which denotes that a large portion of 

vegetation of vegetative areas have been converted into built-up areas or 

probably flooded by water. During this period, there was an increase in bare 

surface. 

 

Table 7 LULC changes between 2001 and 2011 

 
 

LULC Changes Between 2011 and 2019 

As shown in Table 8 below, during this period, there was a massive increase 

in built-up areas by 3648.42Ha representing 16.024%. There was a decrease 

in water body by 424.08Ha representing 1.862%. There was also a decrease in 

vegetation by 1930.14Ha representing 8.477%. As well as a decrease in bare 

surface by 1294.2Ha representing 5.684%. This shows that only built-up areas 

grew higher during this period. 

 

Table: 8 LULC changes between 2011 and 2019 
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LULC Changes between 1991 and 2019. 

The overall comparison was over a period of 28years beginning from 1991 to 

2019. The amount of LULC change experienced in this time was very high. 

Approximately 7968.33Ha of bare surface was converted to built-up areas 

thereby decreasing bare surface land by 34.997%. The built-up areas increased 

by 23.095 % which translate to 5258.52Ha of land. This is as a result of 

increase in construction of housing unit and improved infrastructure. The water 

bodies also increased by 0.48% which translate to 110.16Ha of land. 

Vegetation also increased by 11.417% which translates to 2599.65Ha of land. 

The Table 9 express these changes. 

 

Table: 9 LULC changes between 1991 and 2019 

 
 

Conclusion and Recommendations 

Supervised classification of multi-temporal satellite images is an effective tool 

to quantify detect land use changes in a given area. The observed changes 

varied from one LULC category to another with some maintaining a constant 

change (increase or decrease) over the three analysis periods (1991-2001, 

2001-2011 and 2011-2019). Some classes underwent decrease in the first 

period and an increase in the second period and vice versa was true for other 

LULC  

The following recommendations will help to regulate this trend in land use 

land changes; 

1. There should be proper monitoring of Urban planning in the study Area 

2. Higher resolution images should be used for future land use land cover 

mapping and analyzing changes. 
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3. The employment of different software in the classification process in 

order to compare results and the accuracy of the classification. 

4. Regularly Updating and Creation of Land Use Plans: The need for land 

management bodies to create and regularly update the land use plans to 

regulate conversion of land in the Local Government Area. 
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