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Abstract 

The study developed a landuse/landcover (LU/LC) classification scheme that would establish the trend and 

pattern, nature, rate and magnitude as well as environmental implications on study area. Nyigba is a University 

town in Kogi State which has been rapidly expanding since the establishment of the University in 1999. Thus, 

the study focused on the periods  1987, 2001 and 2006.Landsat Thematic Mapper (TM) for 1987, Landsat 

Enhanced Thematic Mapper (ETM) for 2001 and Nigeriasat–1 (for 2006) satellite imageries were used for the 

study. ILWIS 3.2 Academia was used image classification; ArcGIS was used for sub–map creation, while SPSS 

Version 17.0 was used for statistical data analysis. Land consumption rate (LCR) and land absorption 

coefficients (LAC) were calculated for the study area. Rapid population expansion was found responsible for 

the rapid expansion of Anyigba town. Between 1987 and 2001, built–up area expanded on annual scale of 2.34 

km2, while it also expanded by 1.76 km2 per annum between 2001 and 2006, thereby representing the landcover 

with the greatest rate of expansion during the study epoch. Conversely, vegetation and cultivated land declined 

by 2.59 km2 and 2.53 km2, respectively between 1987 and 2001. Similarly, there was a decline rate in vegetation 

and cultivated land by 1.24 km2 and 6.4 km2, respectively between 2001 and 2006. The LCR and LAC indicated 

high rate of land consumption within the study area. Impacts have been in the loss of natural resources, 

environmental pollution and other related adverse effects. The study concludes by suggesting that: basic 

sustainable forest/vegetation cover practices, especially tree planting to replace cleared vegetation, be adopted 

for Anyigba; Urban Green Spaces should be given priority for their role in both aesthetics and as a carbon sink 

that is heavily generated in rapidly growing towns such as Anyigba; the Government should as a matter of 

urgency embark on natural resource mapping and inventorying within the entire sub–region in order to region 

in order to create an accurate resource base map that would aid proper planning and decision making; Periodic 

and up–to–date research should be carried out within the area to provide update on the status of LU/LC of 

Anyigba. 
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INTRODUCTION 

The land use and land cover (LU/LC) pattern of a 

region is the outcome of natural and socio–economic 

factors and their utilization by man in time and space. 

LU/LC changes have become a central component in 

current strategies in managing natural resources and 

monitoring environmental changes. It would appear 

that problems associated with environmental 

monitoring and control persists throughout the history 

of mankind largely influenced by natural occurrences. 

The status has however, been aggravated in recent 

times due to increasing anthropogenic intervention 

within the bio–physical environment (Population 

Reference Bureau, 2001; Mittermeier et al., 2003) 

hence, the indication by several studies (Cunningham 

& Cunningham, 2004; Asthana & Asthana, 2005) that 

there remains few landscapes on the earth’s surface 

that have not been significantly altered by human 

beings in some ways. LU/LC change studies have 

become key components for managing natural 

resources and monitoring environmental changes. In 

the recent decades, remote sensing (RS) and 

geographic information system (GIS) have been 

providing new tools for advance ecosystem 

management. The collection of remotely sensed data 

facilitates the synoptic analysis of earth–system 

function, patterning and change at local, regional and 

global scales over time; such data also provide an 

important link between intensive, localized ecological 

and regional conservation and management of bio–

diversity (Njomo, 2008; Sarma et al., 2008). 

 

Urban communities may be defined by physical 

borders, population size, geographic limits associated 

with administrative responsibilities, or governance 

(Silimperi, 1995). They may also be defined as 

agglomerations of 2,000 or more inhabitants as 

defined by the United Nations. Much of urban 

expansion is experienced at the fringes where prime 

lands and vegetation LU are often arbitrarily 

converted to built–up areas in an unplanned manner. 

Unfortunately, inhabitants at the urban fringe are 

excluded from urban statistics (Harpham & Tanner, 

1995) although these areas often experience the 

highest population growth rates (Keiser et al., 2004). 

In Nigeria, many urban centres were developed as 
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colonial administrative or trading centres rather than 

industrial and commercial zones equipped to support 

large population. These centres are faced with 

stagnating and declining economies, which have often 

led to a decrease in the quality of the urban 

environment and deterioration. As a result, urban 

environments exhibit significant spatial variation in 

their development levels (Ifatimehin, 2009). As a 

rapidly urbanizing settlement, Anyigba town faces the 

threat of unsustainable expansion as economic 

activities, University expansion and general 

population of the town continues to expand. 

 

Therefore, this study hopes to develop a LC 

classification scheme; establish the trend, nature, rate 

and magnitude of LU/LC change; as well as 

implication on the host environment and sustainable 

development. Although some studies on the status of 

LU/LC of Anyigba have been carried out in the past 

(Ifatimehin & Ufuah, 2006; Ifatimehin et al., 2009; 

Ifatimehin & Musa, 2010), the need for updating this 

status can never be over–emphasized especially as 

Anyigba continues to expand in terms of built–up area 

and other economic activities. Also, other studies had 

simply defined the extent of LU/LC of the area 

without subjecting the data derived from LU/LC 

classification to vigorous statistical tests. This study 

therefore, seeks to update the status of LU/LC of 

Anyigba while also seeking to adopt a statistical 

technique to determine the significance in the 

difference between the LU/LC classes over the 

various study epochs. The use of RS technology for 

this study is expected to appropriately serve the 

LU/LC mapping process as the field–based mapping 

is, as Gibson & Power (2000) rightly noted, 

practically difficult to provide continuous 

observations and monitoring across varied spatial and 

temporal scales. 

 

MATERIALS AND METHODS 

Study Area 

Anyigba, the study area is located on latitude 7º 15’ – 

7º 29’ N and longitude 7º 11’ – 7º 32’ E and with an 

average altitude of 420 meters above sea level (Fig. 

1). Based on the growth rate of 3.25 % provided by 

the 1991 National Census, the population of Anyigba 

is estimated at 71,327. Anyigba falls within the 

tropical wet and dry (Aw) climatic region and the 

guinea savanna, with mean annual temperature of 

25ºC and rainfall of 1600 mm (Ifatimehin & Musa, 

2010). It is situated on sedimentary formation of the 

Anambra basin and dominated by lateritic soil type 

with patches of hydromorphic and rich loamy soils. It 

has been evident in recent years that the presence of 

the Kogi State University at Anyigba is rapidly 

initiating and transforming the LU type and economy 

from agrarian to a commercially and service–driven 

economy. 
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Sources of Data 

RS data acquired from Landsat and Nigeriasat–1 was 

used for the study (see Table 1). Field observation and 

ground truthing were also carried out to harmonize 

ground conditions with their registration from 

satellite imageries of the 3 epochs used for the study. 

Thus, the data from field survey assisted in training 

data set for LU/LC classification by associating the 

ground features of a specific type of LU/LC with the 

relevant imaging and spectral characteristics. In 

essence, the field survey also provided qualitative and 

quantitative information that helped in understanding, 

interpretation and determination of major LU/LC 

types within the study area. Lastly, base map of 

Anyigba, relevant published and documented 

research works were also used for the study. 

 

 

 

Table 1: Data Used and Sources 

S/ 

No 

Study 

Epoch 
Sensors Date 

Resolution/ 

Scale 
Source 

1 1987 Landsat TM  25–12–1987 30M *GLCF 

2 2001 Landsat ETM 21–12–2001 30M *GLCF 

3 2006 Nigeriasat–1 27–12–2006 32M **NASRDA 

*Global Land Cover Facility;   **National Space Research and Development Agency, Nigeria 

 

The Landsat images were acquired from Path: 189, 

Row: 055, with Band combination of 2, 3 and 4 used 

in the LU/LC analysis. 

 

Soft ware used 

The main software used for image classification was 

ILWIS 3.2 Academic, while the ArcGIS Version 9.2 

was used for displaying, subsequent processing and 

enhancement of the classified maps. Further, sub–

maps of the study area were also created using 

ArcGIS. Lastly, SPSS Version 17.0 was used for 

statistical data analysis. 

 
Image Pre–processing and classification 

The 2 Landsat images for 1987 and 2001 were 

geometrically rectified prior to acquisition. All 

images were imported into ILWIS environment, and 

geo–referenced to UTM Zone 32 N, WGS–84 Minna 

Datum. The images were then combined together 

based on their bands to enhance the image quality and 

after which a sub–map (which is our area of interest) 

was carved out in order to extract precise study area. 

 

The supervised digital image classification technique 

was employed and complemented with field surveys 

that provided on–the–ground information about the 

types of LU/LC classes. The false color composite 

(FCC) image was classified using maximum 

likelihood classification algorithm. The selected 

training sites collected during the field survey 

provided the major classes in which the various pixels 

were grouped into various LU/LC. The classified 

images were imported into ArcGIS for conversion 

from raster to vector map. 

 

RESULTS AND DISCUSSION 

LU/LC Distribution at Study Area 

The static LU/LC distribution for each study year as 

derived from the maps is presented in Table 2 and Fig. 

2. In 1987, urbanization was minimal as built–up area 

(mostly Obeya, Omedo, Iji, Ofuloko, and Ofudu) 

covered 5.75 km2 amounting to about 13.9 % of the 

total land mass of the study area. Cultivated land 

covered about 18.07 km2 (or 33.68 %); while 

vegetation covered about 13.94 km2 (or 33.68 %) with 

bare surface covering 3.62km2 (or 8.74 %) of the total 

land area under study. 

 

 

 

Table 2: LU/LC Distribution for 1987, 2001 and 2006 

LU/LC  

Categories 

1987 2001 2006 

Area 

(km2) 
Area % 

Area 

(km2) 
Area % 

Area 

(km2) 
Area % 

Bare Surface 3.62 8.74 8.95 21.69 9.97 24.04 

Built–up Area 5.75 13.90 10.33 25.03 10.77 26.00 

Cultivated Land 18.07 43.68 13.12 31.79 11.52 27.83 

Vegetation 13.94 33.68 8.87 21.48 9.18 22.13 

Total 41.38 100 42.27 100 41.44 100 

     Source: Classified Images of Study Area 
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Fig. 2: LU/LC Distribution at Anyigba 

 

By the year 2001, significant changes were recorded 

as bare surface and built–up area increased to 8.95 

km2 (or 21.69 %) and 10.33 km2 (or 25.03 %), 

respectively. On the other hand, cultivated land and 

vegetation reduced to 13.12 km2 between 1987 and 

2001 and 8.87 km2 (or 21.48 %), respectively. 

Similarly, the false colour composite derived from the 

2006 classified Nigeriasat–1 imagery of the study 

area revealed that bare surface and built–up area 

increased to 9.97 km2 (or 24.04 %) and 10.77 km2 

(26.0 %), respectively, whereas cultivated land and 

vegetation landuse types both shrunk to 11.52 km2 

(27.83 %) and 9.18 km2 (22.13 %), respectively.  

 

This is explainable as newer sections of the town have 

sprung up including ‘Abuja area’, ‘Kuduna Efekpe’, 

‘Ajetachi’ and ‘Akpata Okene’. The expansion can be 

attributed to increased student population influx as 

well as other service–oriented population influx since 

the establishment of Kogi State University. The 

implication of this growth and consequent outward 

expansion of the town is changes in landuse as 

expressed in the reduction of vegetation cover and 

cultivated land as both have been significantly 

transformed to built–up area. The changing LU/LC 

pattern of Anyigba as recorded from this study is 

found to be consistent with an earlier study of the area 

by Ifatimehin et al. (2009). 

  

 

Table 3: LU/LC Change Analysis for Anyigba between 1987, 2001 and 2006 

 

 

Analysis of LU/LC Change between 1987 and 2001 

This period spanned for 14 years within which time 

changes were observed (Tables 2 and 3, and Figs. 2 

and 3). The direction of changes in LU/LC indicates 

an inverse relationship between landuse types. Hence, 

as some landuse types (built–up area and bare land) 

increased, others (cultivated land and vegetation) 

declined. Driven by the need to expand housing for 

the teeming population of Anyigba, vegetation has 

been cleared extensively to make room for 

construction works.  

 

Assessing the changes that occurred in land use 

between 1987 and 2006, it was observed that the 

increase in built up areas was in the magnitude of 

26.42 % increase. Bare surfaces had a positive 

increase of about 33.42 %. There were negative 

increase in the cultivated land the rate of change was 

–34.47 % having an annual rate of change of –1.81 

km2 and vegetation with a negative increase of –25.05 

% having an annual rate of change of –1.32 km2. This 

is due to the fact that also human habitation has 

encroached into the cultivated lands. 

Also, from the FCC of the 1987, 2001 and 2006 

imageries, it is clear that there is remarkable increase 

in the spatial extent of built–areas and bare surfaces, 

whereas there is obvious decline in vegetation cover 

and cultivated land (see Figs. 4, 5 and 6). 

land use distribution 
Bare surface

Built up area

Cultivated land

Vegetation

Land use 

1987 – 2001 2001 – 2006 

Magnitude of 

Change 

Rate of 

change 

Annual 

frequency of 

change 

Magnitude of 

change 

Rate of 

change 

Annual 

frequency of 

change 

Bare 

surfaces 

5.33 38.07 2.72 1.02 20.4 4.08 

Built up 

areas 

4.58 32.71 2.34 0.44 8.8 1.76 

Cultivated 

land  

–4.95 –35.36 –2.53 –1.6 –32 –6.4 

Vegetation –5.07 –36.21 –2.59 0.31 –6.2 –1.24 

Total –0.11 –0.79 –0.06 0.17 3.4 0.68 
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Fig. 3: Direction of LU/LC Changes in Anyigba (1987 – 2006) 

 

 

 

 

 

 
Fig. 4: LU/LC Map of Anyigba (1987) 

 

 

 

 

The magnitude of change in bare surface was in the 

order of 5.33 % and the rate of change was observed 

to be 38.07 % while annual rate of change was 2.72 

%. The magnitude of change in Built–up areas was 

put at 4.58 % with rate of change and annual rate of 

change at 32.71 % and 2.34 %, respectively. There 

was a known decline in the extent of cultivated land 

with magnitude of –4.95 % rate of change at –35.36 

% and annual rate of change at –2.53 %. Also, there 

was a remarkable change in the Vegetation area in  

 

 

 

 

 

 

 

 

 

 

the magnitude of –5.07 % and the rate of the change 

–36.21 %, and the annual rate of change was put at –

2.59 % showing a negative growth which translates 

into decline of natural vegetation. This decline is as a 

result of the conversion of agricultural land into built–

up area and also the increased felling of trees to 

provide commercial and domestic usages for the 

growing population of Anyigba. Further, bare 

surfaces increased largely as a result of clearing for 

construction purpose

magnitude 
of change 
between 

1987-2006, …

magnitude 
of change 
between 

1987-2006, …

magnitude 
of change 
between 

1987-2006, …

magnitude 
of change 
between 

1987-2006, …

bare surface  built up area  cultivated land  vegetation
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Figure 5: LU/LC Map of Anyigba (2001) 

  

 

Again, from 2001 to 2006, the built–up area and the 

bare surface extended towards the Kogi State 

University area and around it, consuming the 

vegetated lands within the area. The magnitude of 

change of the built up area from the previous year of 

study was 0.44 % and the rate of change was 

calculated to be 8.8 % translating in an annual rate of 

change of 1.76 %. Cultivated land in the study area 

had a negative growth due to developments that took 

place at this time. The magnitude of change was –1.6 

% putting the rate of change at –32 % and the annual 

rate of change of –6.2 %. The negative sign signify a 

decrease in the area covered by cultivated land. 

Farming is considered a means of livelihood for the 

locals. 
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Table 4: Land Consumption Rate and Land Absorption Co–efficient of Anyigba 

 

Year 
Land 

Consumption Rate 
Year 

Land Absorption 

Co–efficient 

1987 0.0013 1987/2001 1.3 

2001 0.0010 2001/2006 1.72 

2006 0.00058   

 

Table 4 shows that the LCR of Anyigba declined from 

0.0013 ha per person in the year 1987, to 0.0010 ha 

per person in 2001 and finally 0.00058 ha person per 

hectare in 2006. Land Absorption Co–efficient (LAC) 

is a measure of the change in consumption of new 

urban land by each unit increase 

  

 

in urban population (Zubair, 2006; Ujoh et al., 2011). 

Between 1987 and 2001, the LAC was 1.3 ha per 

person, while between 2001 and 2006 it was 1.72 ha 

per person, signifying a decreasing availability of 

land to be consumed per person. 

 

Table 5: Population Values of Anyigba in 1987, 2001 and 2006 

Year Population Source 

1991 32,212 Census, 1991 

2002 41,000 Ministry of Information, 2002 

2006 72,000 Population Census, 2006 

 

Analysis of the LCR and LAC indicates that the 

population of Anyigba has been increasing over time 

as shown on Table 5. An important aspect of change 

detection is to determine which landuse is actually 

changing to which landuse. This information will 

reveal both the desirable and undesirable changes as 

well as classes that are stable over time. This 

information is also expected to serve as a vital tool in 

management decision. Visually, changes in LU/LC at 

Anyigba can be obviously appreciated as shown on 

the LU/LC maps of Anyigba (Figs. 4, 5 and 6). 

Anyigba town have experienced increase in 

population from surrounding settlements, towns and 

States as a major centre for academic excellence 

within the region. Expectedly, this has led to rapid 

growth and expansion, exerting enormous pressure on 

the landscape in terms of landuse. Results of data 

analysis indicate clearly that in 1987 built–up area 

was the least landuse class, after bare surface. This 

status progressively changed over the following 2 

decades (1987 – 2006), leaving a reverse status where 

today, built–up area and bare surface constitute the 

largest landuse types at Anyigba at the expense of 

vegetation and cultivated land. LU/LC changes, 

besides affecting the current and future supply of land 

resources, are important sources of various other 

forms of environmental degradation. Some salient 

implications of the direction of changes recorded at 

Anyigba by this study include the following: 

Perhaps, the most direct repercussion arising from the 

physical growth of Anyigba is the loss of biodiversity, 

ecological and environmental resources. This is 

because a reduction in vegetal cover has implication 

on plant and animal numbers. Absence of plant for 

example translates to a reduction in the oxygen 

supplied into that environment. A scenario with 

declining vegetal cover and increasing paved surfaces 

increases surface runoff. Consequently, the soils 

become susceptible to erosion and vulnerable to large 

scale ecological degradation. For a town like Anyigba 

where drainage and storm water ways are not properly 

maintained, increase in built–up area and paved 

surfaces is rapidly threatening the stability of soils, 

reduced infiltration/reduction in ground water 

recharge. In addition, loss of farmlands is a rising 

concern at Anyigba as buildings and other forms of 

urban landuse and development are taking over. The 

implication is that farmers now travel longer distances 

to farm. Lastly, there is now severe pressure on land 

resources, which in itself is not healthy for the quality 

of land as natural resources. 

 

In Anyigba, environmental pollution arises mainly 

from the indiscriminate disposal of waste. With the 

rapid expansion of the town, there is immense 

increase in waste generation and refuse amounts both 

from domestic/residential and or market/commercial 

settings. With no sustainable and effective waste 

collection system is place; the result is proliferation of 

heaps of un–collected waste as seen around Anyigba 

today. Also, a key impact of LU/LC changes is the 

threat to future production of food and other essentials 

by the transformation of productive land to non–

productive uses such as conversion of agricultural 

land or vegetation to residential use and degradation 

by other urban landuse forms. 
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CONCLUSION 

Satellite Remote Sensing has proved to be a vital tool 

for continuous observation and quantification of 

environmental phenomena across varied spatial and 

temporal scales which are otherwise not possible to 

attempt through conventional mapping techniques. 

The multi–temporal Landsat TM and ETM+ and the 

Nigeriasat–1 data have served as useful analytical 

tools for the LU/LC change analysis in Anyigba from 

1987 to 2006 (a period of 19 – 20 years). Much of the 

changing landcover shifted to landuse while the 

driving factor was observed to be population increase 

during the study epochs. In an era where 

sustainability discourse is being charted in all circles 

and at all levels, it can be clearly stated that the 

landuse utilization in Anyigba is unsustainable.  
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