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Abstract

Inventories on land use/cover changes are assessed at increasing importance
in various sectors, like agriculture, settlement, environmental studies and ur-
ban planning. This research was carried out to analyse the changes in urban
land use/cover of Lafia for the years 1986, 2000 and 2014. Remotely sensed
data from Landsat TM and Nigeria sat 8 were classified using GIS technique,
to which six categories of land use/cover were identified such as: bare surfac-
es, built up areas, cultivated lands, rocky outcrops, vegetation cover and wet-
lands. Population data of the study area for 1986, 2000 and 2014 were also
used to compare the relationship between population growth and landuse/cover
changes in the study area using descriptive statistics. The result revealed an
increase in built up areas from 1.56% to 15% between 1986 and 2014 while
vegetation cover showed decrease: from 25% in 1986 to 12% in 2014. Culti-
vated lands increased from 56% in 1986 to 67% in 2014. Others classes such as:
bare surfaces decreased, as wetlands and rock outcrops seem to be fluctuated.
Therefore results from the analyses indicate a general change in landcover for
the periods under this study. This study recommends that: there is a need to
monitor the changes that occurred on land use so as to provide proper planning
and effective management of the land resources in a sustainable manner.
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1. Introduction

Humans through activities such as clearing forests for crop cultivation, road
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construction and grazing have altered much of the world’s natural vegetation
(Giri, 2001) [1]. The result is that the vegetation cover we see today has little re-
semblance to the original cover in many years ago in places; hence these places
have little natural vegetation present.

Effective management of forest and land resources requires an understanding
of the patterns and processes of land use and land cover change and the conse-
quences affecting a particular management decision. Monitoring and evaluation
provide basic data from which effectiveness can be determined and with which a
plan can be modified to reinforce the components that are successful and to
correct those processes that were not successful.

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 inhabi-
tants reside in urban areas and this number is increasing globally (Martin, 2007)
[2]. Most major cities (metropolitan areas) in developing countries face growing
problems of urban sprawl, loss of natural vegetation and decreased wildlife re-
sults among others.

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) [3]. Scientist and the public now understand that contemporary change in
many realms of the biosphere is largely the product of human activities (Meyer
and Tuner, 1994). Some of these activities are due to specific management prac-
tices and the rest are due to social, political and economic forces that control
land use (Medley et al, 1995) [4].

Meyer and Turner (1992) [5] 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. Because of their great in-
fluences in global warming, loss of biodiversity, and impact in human life, the
international Geosphere-Biosphere Program (IGBP) and the International Hu-
man Dimensijon Program (IHDP) initiated a joint international program of study
(LUCC). A study of land use and land cover change is essentially the analysis of
the relationship between people and land. It involves the questions on why; when,
how and where does land use change occur? Land use change is always caused
by multiple interacting factors. The mix of the driving forces of land use change
however varies in time and space according to specific human-environmental
conditions. Land use change requires an understanding of how people make
land use decision and how various factors interact in specific contexts to influ-
ence decision on land use. Decision-making is influenced by factors at the local,
regional or global scale (Verburg et al, 2012) [6].

Over the last decades, there has been a worldwide increase in awareness on the
effect of land use/land cover dynamics and studies on land use land cover
change analysis (Ademiluyi, 2013) [7]. There is however low level of research at-
tention on land use land cover studies in most parts of North-Central Nigeria

especially in Nasarawa State and the country in general. Also, most of the few
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studies carried out on land use land cover analysis and change detection rely on
a one factor approach and depend on analogue rather than the modern digital
image interpretation and analysis procedure which is known to produce better
results (Li, et al, 2013) [8]. It is against the background of the use of modern
digital image interpretation and multi-factor approach that this research at-
tempts to analyse land use land cover change in Lafia using remote sensing and
geographical information system (GIS) techniques.

The study aim at analyse urban land use change of Lafia, Nasarawa State using
remote sensing and GIS techniques for sustainable development. To achieve this,
maps of LULC of the area for the period 1986, 2000 and 2014 were generated to
examine possible changes in different LULC type, as well as assess the trend, rate

and magnitude of changes witnessed from 1986 through 2014.

2. Material and Methods

The study area is located between latitude 8°20'N - 8°38'N and between longi-
tudes 6°34'E - 7°30'E. It share boundaries with Nasarawa Eggon and Wamba
Local Government Area (L.G.A) in the North, Obi Local Government Area (L.G.A)
in the South East, Doma Local Government Area (L.G.A) in the South-West,
Kokona Local Government Area (L.G.A) in the West and Plateau state in the
East respectively (Figure 1). The climate exhibited in the area under study shows
no difference from that experienced over other parts of the Nasarawa State,
which is characterized by a sub-humid climate with two distinct seasons; dry and
rainy season (Akwa et al, 2005) [9]. The study area has population of 330,712
according to National Population Commission Lafia (2006) [10]. The area falls
within the guinea savanna zone characterized by scattered trees and grasses. The
geology comprised of the basement complex formation of North Central Nigeria
with undulating low lands and network of hills developed on granites, magnetite
rocks which are believed to be plutonic in nature but later exposed to the surface

by geomorphic processes.

2.1. Methods

Three sets of satellite images of the Lafia Local Government Area for the years
1986, 2000 and 2014 with green, red and near infrared bands were used for this
study. The 1986 (Enhanced Thematic Mapper (ETM)). 2000 image also from land
Sat-5 and the 2014 is from Nigeria Sat 8 OLI (Table 1). These images were em-
ployed in classifying the land use/land cover of the Lafia Local Government Area.

ILLIWIS 3.3, ERDAS IMAGINE 9.2, ArcGIS 10.1, MS Excel, Microsoft
Office were used to extract and classify the land use and land cover of the study
area. Results were summarized in tables, figures and were discussed using de-
scriptive statistics.

The land cover classes were defined based on the Anderson’s level 1 classifica-
tion system (Ernest E Hardy, John Roach, Richard E. Geological Survey Profes-
sional paper 1964, United States Printing Office, Washington 1976 and Ander-

son et al, 1976) [11]. After the images were geo-referenced and geometrically
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Figure 1. The study area. Source: NASRDA, 2015 and field exercise work, 2015.
Table 1. The images characteristics.
No Type of data/Sensor Scale of resolution Year/Month
1 LANDSAT 5 ETM 30 m 1986/Jan
2 LANDSAT 5 TM 30 m 2000/Feb
3 Nigeria Sat 8 OLI 15m 2014/Jan

Source: NASRDA, 2015 and field exercise work, 2015.

rectified. Image clipping was performed, using spatial analyst tool on a sub-scene

from the full image on the basis of a frame covering the area of the study. These

preprocessing tasks allowed the export of the satellite images to the ArcGIS and

ERDAS for classification and extraction of land cover information. Supervised

classification was performed on the same images, with random training samples
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using on-screen digitizing from on the standard menu of the software; Land
cover types classification and identification were performed. The 1986, 2000 and
2014 images provided a means to determine LULC in the categories; built-up
area, bare surfaces, cultivated lands, rocky outcrops, vegetation and wetlands.
The area coverage for each land use/land cover types was calculated for the
years covered by this study. This was done to develop a table showing the area in
square kilometers and the percentage change for the years 1986, 2000 and 2014.
Percentage change was calculated by dividing observed change by sum of

changes multiplied by 100.
observed change x 100

ercentage change =
P & & Sum of change

2.2. Calculation of Magnitude and Percentage Rate of Change

The calculation of the magnitude of change was derived by subtracting the ob-
served change of each period (land use and land cover in Km?®) of the recent
years by the previous recent years.

The calculation of the trends, that is, the percentage rate of change of each of
the landuse type, by subtracting the percentage of the more recent year land

use/cover by the previous year land use and land cover.

3. Results and Discussion

The results of land use and land cover of the study area are presented in Table 2
& Table 3 and Figure 2 & Figure 3.

Discussion on Results of Analysis of Land Use and Land Cover
Changes

The result of the analysis revealed that many changes had occurred in land use
and land cover in the study area in 28 years (1986-2014). It shows that there are
remarkable changes in some land uses and land covers. It also shows that per-

centage changes in some land use and land cover categories such as built-up

Table 2. Land use and cover change for the years 1986, 2000 and 2014.

Categories of 1986 % 2000 % 2014 %
land/cover type  Area (km?) Area  Area(km?) Area Area(km?) Area
Bare surfaces 96.66 3.5 37.83 1.37 6.35 0.23
Built-up areas 43.08 1.56 132.56 4.8 414.25 15.0
Cultivated lands 1546.52 56.0 1767.45 64.0 1850.29 67.0
Rock out crops 175.09 6.34 30.12 1.09 79.26 2.87
Vegetation cover 690.41 25.0 502.89 18.21 331.39 12.0

Wet lands 209.88 7.6 290.80 10.53 80.09 2.9
TOTAL 2761.634 100 2761.634 100 2761.634 100

Source: NASRDA, 2015 and field exercise work, 2015.
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Table 3. Trend, rate and magnitude of change for land use and land cover of the study
area.

()

LAND USE/COVER TYPE 2000-1986 2014-2000
AREA (sq. km) AREA (sq. km)
Built up area +89.5 +281.6
Vegetation cover -187.5 -171.5
Cultivated land +220.9 +82.8
Wetlands +80.92 -210.712
Rock_outcrops —145 +49
Baresurface -58.822 -31.482

+ indicates an increase; — Indicates a decrease

(b)
LAND USE/COVER TYPES 2000-1986 2014-2000

Percentage (%) Percentage (%)
Built up area +3.24 +10.2
Vegetation cover -6.79 -6.21
Cultivation land +8 +3.0
Wet-lands +2.93 -7.63
Rock_outcrops -5.25 +1.78
Bare-surfaces -2.13 -1.14

+ indicates a percentage increase; — Indicates a percentage decrease. Source: NASRDA, 2015 and field exer-
cise work, 2015.

70.00%

60.00% 1

50.00% 1~

40.00% 1~ 51986
" §2000

30.00% 1~ 22014

20.00%

10.00% 1~

0.00% = T T T T T f
Vegetation Cultivation Built-up area Wet-Land Bare-Land  Rock-outcrop

Figure 2. Comparative distribution of land use and land cover of the study area for the
years 1986, 2000 and 2014. Source: NASRDA. Abuja and Field Exercise, 2015.

areas and cultivated lands have increased, whereas rock outcrops indicate a de-
crease in the early period and increase over the latter years. Others such as vege-

tation cover and bare surfaces, have experienced decline over the years (Table 2
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Population data of the study area
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Figure 3. Population data of the study area. Source: National population commission, La-
fia and Field Exercise, 2015.

and Figure 2) Cultivated lands accounted for 56% of the total land area in 1986,
increased to 64% in 2000 and rose to 67%, in 2014. The cultivation land kept in-
creasing such that it occupied 1546.52 km* in 1986, 1767.45 km® in 2000 and
slightly increasing to 1850.29 km? of the total land area in 2014 (Table 2). This
result implies that the major activity of the study area is farming, and increased
farming activities may be due to an increase in population, which led to demand
for agricultural products for both subsistent and commercial purposes. For ex-
ample some of the communities in areas such as; Akurba, Shabu, Ombi 1 and 2,
in the Northern District of the area and Tudun Kauri, the Southern District
amongst others; mostly engage in farming activities. Banki (2009) [12] carried
out similar research in Akwanga, in Nasarawa State; and noticed that population
is a major factor that triggers the increase in the rate of cultivation of the area.

1) Vegetation Cover

Vegetation cover includes all the forested areas and grasslands. The result of
the analysis shows that in 1986, vegetation accounted for about 25% of the total
area, but decreased to 18.21% in 2000 and further decline to 12% in 2014 (Table
2 and Figure 2). However, the reason for this decline is a result of an increase in
population which has resulted in encroachment into forest areas for domestic
fuel, clearing of grassland for farming and building; thereby causing massive al-
teration of the natural vegetation covers. In line to this, Jatau (2012) [13] carried
out a study on geospatial analysis of urban land use change in the Jos metropolis,
and noticed that the vegetation cover decreased or changed in the area was
caused by mass movement of people from the rural areas to find a better livelih-
ood believed to be available in the urban areas. Also, (Chukwunonson 2012) [14]

conducted a similar research in Bauchi on the impact of land use and land cover
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change in the Yankari Games Reserve park. He discovered that agricultural ac-
tivities caused the rapid decrease in vegetation in the area.

2) Wetlands

From Table 2. Wetlands which include all surface water bodies, such as ponds,
streams, rivers, marshes and lakes, between 1986 and 2000 increased from 209.88
km® to 290.80 km”. This change may be as a result of change in weather condi-
tions (NIMET, 2015) [15]. It can be inferred that most of waterlogged areas that
accounted for surface water has appeared and minor streams have continued to
retain water, the sizes of rivers and streams may have increased, this could have
resulted in more wetlands, but the situation changed between 2000 and 2014.
The wetland decrease from 290.80 km® to 80.09 km? may be attributed to
weather variation and also as a result of increase in population in the area. Most
of this wetland area is being converted into cultivated lands. For example most
of mashes; and waterlogged areas are used for cultivation of rice, sugarcane, veg-
etables and fruit like water mellon, in Kilima, Ombi I and II, Shabu, Akurba and
others part of the study area.

3) Rock outcrops

These include all hilly and rocky areas, and consist of the different types of
rocks found in the area. The result shows that rock outcrops witnessed a de-
crease and then an increase over the years under this study, from 175.09 km? in
1986 to 1.09 km® in 2000, that is 6.34% against 1.9% of the total land area. The
reasons for the decrease may be attributed to (quarrying) by the people living in
the area for economic and industrial purposes. In fact, in some locations within
the study area people build on top of the rocks. This also may contribute to the
decrease. However, rock outcrops increased from 1.090% in 2000 to 2.87% in
2014. This may result from farming activities (practices) that exposed some of
the rocks. Also decreasing and declining vegetal covers of the area within this
period as a result of human activities may lead to exposure of more rocks in the
study area.

4) Bare surfaces

Bare surfaces include: untarred roads (foot paths) and wasteland. According
to Table 2, the result shows that bare surfaces accounted for 3.5% in 1986, while
in 2000 decreased to 1.37%, and dropped down to 0.23% in 2014. That is these
surfaces declines in the area from 96.66 km* to 1.45 km® The reason for the
change is that; bare lands have been developed into settlements and places where
built-up areas have increased. For example, Ombi I, II, Shabu, BukanSidi where
the College of Agriculture and Nasarawa State Polytechnic Lafia are located has
increased outwardly. Many open areas have been converted to houses for ac-
commodations due to the number of students in the institutions, and also for
commercial purposes, coupled with the state Capital, Lafia continues to record
many developments that led to conversion of bare surfaces for administrative
and others infrastructural development.

5) Build-up areas

The built-up areas increased significantly over the years of this study, from
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43.08 km® in 1986 to 132.56 km’ in 2000 and rise to 414.25 km’ in 2014,
representing 1.56%, 4.8% and 15% respectively (Table 2, Figure 2 and Figure
3). This change is attributed to increase in population, which brought about high
demand for shelter, commercial activities and basic amenities. Arulbalaji and
Gurugnanam (2014) [16], also carried out a study on Geospatial Science for 16
Years of Variation in Land Use/Land Cover Practice Assessment around Salem
District, South India (1992-2008). They identified human population and anth-
ropogenic activities as the main causes of increase in built-up-lands. The vegeta-
tion in Lafia is almost gone as a result of built-up areas. For example the Nasa-
rawa State Polytechnic, College of Agriculture Lafia, Nasarawa State University,
Keffi (Faculty of Agriculture Campus), National Open university Lafia Campus,
Federal University, Lafia and School of Nursing Lafia Campuses which are lo-
cated in the northern, southern and eastern part of the area (Lafia), the higher
educational institutions located in the area have also increased the built up areas
due to high demands for accommodation by the students, thus landowners have
converts their plots of land for residential and commercial purposes leading to
more bare surface and vegetation area into built-up area. For example, lands
area located close to these various higher institutions are; Ombi 1 and 2, Bukan
Sidi, Millionaires Quarters, Mararaba Lafia, Tudun Gwandara areas were con-
verted to settlements.

Also human activities in the area have altered the environment in one way or
another to suit human needs. Another reason is attributed to the crisis that en-
croached in the northern part of the country, where many people find their way
to Lafia city to settle. Again due to crisis within the southern part of the state
may also be a pull factor for people to acquiring lands to build in Lafia, the state
capital. The untarred roads—have been widened and converted to major town-
ship roads, coupled with new construction has undoubtedly increased the exten-
sion of the built up areas into bare surfaces.

Table 3 shows the trend, rate and magnitude of change of land use and land
cover of the study area for the three years 1986, 2000 and 2014. Some of the
classes increase while others decrease within the years cover by this study. Built
up area have a magnitude of change of +89.5 km?, with a rate of change +3.24%
between 1986-2000 while Vegetation covers has —187.5 km” as magnitude of
change with the rate of change of —6.7% respectively. Cultivated lands are ac-
counted for +220.9 km”* for magnitude of change and rate of change of +8% be-
tween 1986 and 2000. Wetlands have a magnitude of +80.92 km”* with the rate of
change of +2.93% within 1986-2000. Others such as rock outcrop and bare sur-
face records —145 km? -58.82 km* in magnitudes and —5.25%, —2.13% as their
rate of changes respectively.

Therefore; the trend of change between 2000 and 2014 is such that, the built
up area has +281.6 km’ in magnitude with +10.2% rate of change. Vegetation
covers accounted for —171.5 km” as magnitude and —6.21% of the rate of change
between 2000 and 2014. Cultivation land magnitude was +82.8 km? with the rate
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of change of +3% respectively. Wetlands magnitude was —210.7 1km?, with the
rate of change of —7.63% between 2000-2014. Rocks outcrops and bare surfaces
magnitude were +49 km’and -31.48 km” with the rate of change of +1.78% and
—1.14% within this period (2000 and 2014).

From the result of the trend rate and magnitude of change of land use and
land cover of the study area, this implies that the built up areas is taken over the
bare surface portion while cultivations is also taken portion for wetlands and
vegetation covers and rock outcrop is losing to either built up lands or cultiva-
tion and gaining from the cultivated lands under this periods. Therefore if build
up areas maintain this magnitude and rate, the implication is that the area will
experience a great decrease of vegetation in the area. If vegetation cover contin-
ues to decrease at these rates found in this study, there will no more vegetation
in the area in the near future that will result in change in weather elements or
climate and will cause an increase in urban heat island or the area will expe-
rience excessive heat. The rate of wetland decrease is so high for example be-
tween 2000 and 2014, it was —7.63, if the trend continues the area might face or
experience a challenge of shortage of water due to reduction in hydrological sys-
tems. Therefore to achieve the SDG’s for future development and generations;
elements of the environment like vegetation and wetland should be controlled

and help safeguard natural ecosystem sustainability.

4. Conclusions and Recommendations

This study was set to dictate the changes in urban land use and land cover change
for Lafia area of Nasarawa State over a time period of 28 years (1986-2014), the
areas of each land use were determined and the percentage rate of changes was
examined. The monitoring of rapid urban growth is necessary in this modern
world that we live in. It helps us to monitor the changes that have occurred in
our natural environment thereby making necessary adjustment to the changes to
prevent further damage to the environment. Population increase is causing more
harm than good to the environment due to its activities; such as clearing up
mostly vegetation cover and open spaces available in order to have more space
for settlements. The method adopted in this study clearly demonstrated the po-
tential of GIS and remote sensing techniques in measuring change pattern of ur-
ban land use. The determination of information on land use and land cover
changes is essential for rural and urban development policies on land. Under-
standing the spatial dynamics of given land use and land cover is a foreknowledge
for coordinating environmental resource planning and management.

From the foregoing, continuous detection of land use and land cover is neces-
sary for effective and meaningful decision making. GIS and remote sensing have
proved to be essential and reliable means of obtaining data on land use and land
cover changes in an area. The detection of land use and land cover for effective
and meaningful planning is often a problem; as a result of these, planners, re-

searchers, and managers working at the landscape level have to rely on GIS and
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remote sensing technology for information gathering and manipulation. More-
over, monitoring of land use and land cover is necessary for effective and mea-
ningful decision making. GIS and remote sensing have also proved to be essen-
tial and reliable means of obtaining data on land use and land cover changes in
an area. The results from the findings will assist in providing information for
city planners and decision makers to support sustainable urban development in-
itiative. Therefore the use of land sat TM and ETM is recommended for the
study of land use and land cover changes because of its low resolution and spa-
tial coverage which enables a wide range of land to be covered. Hence Satellite
Imageries should be taken consistently with defined time interval to aid a closer

and up to date monitory of changes in the environment.
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