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ABSTRACT

Vegetation cover in Kafanchan has been on the decrease which has suffered more and undue depletion and
degradation. This research assessed the change of land use/land cover for the span of 45 years (1988-2023).
This study made use of LANDSAT 2, 4, 8 and 8 images of the year 1988, 1998, 2016 and 2023 accordingly.
The images were processed using Arcmap 10.3. For the secondary data collection, the area was demarcated
into bare land, water bodies, vegetation and built-up areas. The results shows that there has been an increase
of built-up areas from 28.19% of the study area in 1988 to 44.73% in 1998 and 45.98% in 2023. Vegetation
land use has also shown a decrease from 49.75% in 1988 to 30.54% in 2023. Water bodies decreased from
12.3% in 1988 to 10.92% in 2023. Vegetated land was the most dominant land cover class in the study area
but decreased to 28.84% in 1998, and increase from 28.84% in 1998 to 30.54% in 2023 this is supported by
the continuous decline of high-end Normalized Difference vegetation index (NDV1) values from 1988 (0.536),
1998 (0.411), 2016 (0.380) and 2023 (0.280) implying that vegetation cover in Kafanchan is steadily being
depleted. The applications of RS and GIS will promote better understanding in the monitoring of land use-land
cover interactions to aid planning, management and enterprise.
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INTRODUCTION

Land is required for different uses both in urban and rural
areas of human societies. It is a major factor of production and
vital element for socio-economic development of any country
or society (FMHUD, 2006). Man has been modifying land to
obtain basic essentials for thousands of years, but current
rates, extents and intensities of land use and land cover change
are far greater than ever in history, driving unprecedented
changes in ecosystems and environmental processes at local,
regional and global scales. These land uses exert pressure on
the obvious finite land resources in urban centres. Hence, land
is fast becoming a critical resource, its demand remains a
fundamental issue of both academic and policy discourse
(Ejaro and Abdullahi, 2013). Ejaro and Abdullahi (2013) also
noted that due to poorly planned human interference, many
African countries have witnessed untold environmental
degradation and ecological deterioration in the past century,
with little or no real solution to alleviate many of these
concerns.

Changes in the environment, modifications in ecosystem
structures and the loss of biodiversity are affecting the whole
planet, arousing worldwide public concern. Scientific and
political debate on these issues both nationally and
internationally stated since the beginning of the 20™ century
(Boletta et al., 2000).

Enisan and Aluko (2015) presented that the Nigerian
problems of land used change is annexed to urban Sprawl,
outward swell of built-up areas caused by urbanization.
Unchecked urban sprawl may join cities into conurbations.
Similarly, the problem of deforestation the indiscriminate

cutting or/and over-harvesting of trees for lumber or pulp, or
to clear the land for agriculture, ranching, construction, or
other human activities.

Historically, the two most common reasons people cut forests
are to clear land for agriculture and settlement and to use or
sell timber for lumber, paper products, or fuel (Botkin and
Keller, 2011).

The blessing of variety across landscapes have distributed
ecological races (populations adapted to ecological dissimilar
habitats that build species vigour and/or lead to speciation)
unique to its habitat (Soper et al., 1997). Monitoring land
use/cover change had become an important theme of research
due to extent to which these change influence global fluid
system, the atmosphere, the world climate and sea level
change (Meyer and Tuner Il, 1992). The aim of the research
is to determine the rate of change of land use/land cover in
Kafanchan from remote sensed images from 1988 to 2023
Materials and methods

Study Area

Kafanchan is the headquarters of Jema’a Local Government
Area of Kaduna. It has a geographical coordinate between
latitude 9°33 '30"to 9°36 '30"North and longitude 8° 16’ 0" to
8° 20 0"East (Figure 1), with an elevation of 739km (2,425
feet) and a time zone of WAT (UTC+1). Itis a junction station
of the Nigerian Railway Cooperation connecting port-
Harcourt, Enugu, Kuru, Bauchi and Maiduguri. It is located
relative to Sabo in the North-east, Ungwan Madaki
Northwards, Kwarabe and Gigira South-eastwards (Musa et
al., 2016).
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Figure 1: Map of Study Area

METHODS OF DATA COLLECTION

Land Use/Land Cover Analysis

LANDSAT 2, 4, 8 and 8 images of the year 1988, 1998, 2016
and 2018 respectively were downloaded from United States
Geological Survey (USGS; www.glovis.usgs.gov ) and Earth
Explorer websites at path 188 and row 53. The land use/land
cover analysis show interaction between land uses. The result
of the change detection is to determine the percentage change
in vegetation cover to other land use/land cover classes. The
classification used is a modification of Anderson et al.,(1976).
The land-use/land-cover classes include Bare land, which
composed of farm lands, open fields and cleared sites; Built-
up land, compose of settlements and paved surfaces; Water
bodies, composing all river channels and surface water, and
vegetation comprising forest, grasslands, and shrub lands. The
analysis was performed in the computer environment of
Environmental System’s Research Institute’s (ESRI’s)
Arcmap 10.3.1.
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RESULTS AND DISCUSSIONS

Result of Image Classification

The land cover maps generated after running a maximum
likelihood supervised classification presented in figure 2
below. As shown from the figures, there has been an increase
of built up areas with respective values 28.19% of the study
area in 1988 to 44.73% in 1998 and 45.98% in 2023 (table 1).
Vegetation land use have also shown a decrease from 49.75%
in 1988 to 28.84% in 1998, then and increase from 28.84% in
1998 to 30.54% in 2023 (table 1). However, there was
increase of water bodies’ land class from 12.3% in 1988 to
25.64% in 1998, then a decrease to 10.92% in 2023. In 1988
vegetation land cover covered 49.7% of the study area. From
figure 2 and table 1, vegetated land was the most dominant
land cover class in the study area but decreased to 28.84% in
1998, and increase from 28.84% in 1998 to 30.54% in 2023.
Because of the decrease of vegetated areas, built up areas
dynamically increased from 28.19% in 1988, 44.73% in 1998
and to 45.98% in 2023, making built-up land the dominant
land cover in 2023 (Figure 2).
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Figure 2: Classified map of kafanchan for 1988 (a), 1998 (b) and 2023 (d).

The increase in the land area of water bodies (Figure 2 and
table 1) from 12.3% of the study area in 1988 to 25.64% in
1998 and a decrease to 10.92% of the study area in 2023
attributed to the close association vegetation and water bodies
have in the study area. Due to the decrease cover of vegetation
surface reflectance as registered by the pixel values in each of
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the years (figure 3). Table 1 below presents a summary of
areas and percentage of land cover classes in the last 40 years.
In Idowu et al., (2018) and Musa et al., (2016), the streak
similarity of decrease in vegetation cover, uncover the
decrease of vegetation from 1988 (49.75%) to 28.84% in 1998
and 30.53% in 2023 (Table 1 and Figure 2).
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Table 1: Area statistics of land use and land cover units from 1988 to 2023
Land Use Type 1988 1998 2023
Area (Ha)  Percentage Area (Ha) Percentage  Area (Ha) Percentage
(%) (%) (%0)
Bare land 2428.92 9.76 197.82 0.79 3129.21 1257
Vegetation 12383.73 49.75 7178.58 28.84 7599.51 30.53
Built-up 7015.59 28.19 11131.11 4473 11445.12 45,98
Water body 3060.45 12.3 6381.18 25.64 2714.85 10.92
Total 24888.69 100 24888.69 100 24888.69 100
60
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Figure 3: Time series of land use/land cover change from 1988-2023.

Result of normalized difference vegetation index

Thematic maps of Kafanchan produced from their satellite
imageries using ArcGIS 10.3.1 software, green area index
generated for the study area (Figures 4 and 5). The maps show
the boundary of the five wards together. Greenness indices
determine the level of greenness of the wards. The greenness
indices of the study area calculated from 1988, 1998, 2016
and 2023 Landsat imageries. The 1988 image (Figure 4,
A)NDVI value was found to be highest at 0.536 and at the
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Figure 4: Map of Kafanchan showing NDVI layer for 1988 (a) and 1998 (b).
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lowest high value for year 2023 0.280 (Figure 5, D). NDVI
value recorded in 1988 was highest at 0.536 and lowest at -
0.048 (Figure 4, A). NDV1 value in 1998 was highest at 0.411
and lowest at -0.126. In year 2016 (Figure 5 C) while it was
highest at 0.380 and lowest at -0.046, year 2023 (Figure 4, D)
NDVI value was highest at 0.280 and lowest at -0.224. The
continuous decline of high-end NDVI values from 1988
(0.536), 1998 (0.411), 2016 (0.380) and 2023 (0.280) implies
that vegetation cover in Kafanchan is steadily being depleted.
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Figure 5: Map of Kafanchan showing NDVI layer for 2016 (c) and 2023 (d).

Factors of Land Use/Land Cover Change

Residential property use is the dominant land use in
Kafanchan (72.8%) although not the fastest growing land use.
Land is devoted to the use that generates the highest potential
profitability reflected in land rents (Chomitz and Gray, 1996;
Irwin and Geoghegan, 2001; Munroe et al., 2001; Nelson et
al., 2001). Hassan (2018) enunciated that the ownership of
residents gives 44.3% rented households, government
quarters 17%, 11.4% inherited and 7.3% are owner occupied.
Residential land use is a fast growing land use (26.7%)
according to the respondents, second only to agricultural land
use (58.6%). At Kagoro forest Ati el al., (2009) and at the
Nimbia forest Lekwot et al., (2014) posited that decrease in
forest areas are as a result of cultivation for agricultural
purposes and illegal felling of wood and farming activities
respectively. A concord of findings is observed in Agbedeyi
et al.,(2012) who inferred that within the year (2014 — 2016),
food production has increased due to economic recession,
which implies that many have ventured into Agriculture
(farming notably). An analogous situation is observed that
economic recession as a major cause of decreasing forest and
vegetated areas for either agricultural purposes (91.4%) or
residential development (88.6%). Shahata et al., (2014) noted
that the pattern of political changes, shift in economy, and an
increase in population has resulted in an increased urban area.
There is a definite increase in the population of Kafanchan
(Musa el al., 2016), however, crises that have occurred in
1987, 2011 and 2015 (lruonagbe, TC 2009). 72.4% of
responses affirm that crises have opened new areas to
residential development. The overhaul consequences of
increasing agricultural cultivation means that forest/vegetated
land are being cleared. 89.1% of responses assent that
deforestation opens forest areas to development and
agricultural  activities. These developments include
establishment of new institutions (82.8%), commercial
activities (71%) and planting of economic trees for economic
activities (71.9%).

Similarly, between the period of 2001 and 2009, Idowu et al.,
(2018) reveal across country degradation of forest resources
and savannah land cover from the change detection results.
The effects of climate change, farming, logging activities,
woods for domestic uses construction and other
anthropogenic factors are key highlights they enunciated.
Idowu et al (2018) advanced decrease of savannah cover from
56% in 2001, to 44% in 2005 because of agricultural activities

and increased to 47.91% in 2009 due to high gain from forest
cover. The loss in savannah could affect agriculture especially
if it is lost to barren lands. Musa et al., (2016) between 1986
and 2014 reveal the highest amount of change Vegetation and
Built-up, Vegetation decrease seriously from 56.5% in 1986
to 25.3% in 2014, Bared surface drastically decreases from
39.3 in 2000 to 19.5% in 2014. In Kafanchan, the survey
revealed a miniature of deductions of Lambin et al., (2001),
Musa et al., (2016) and Idowu et al., (2018) that agricultural
activities, commercial activities, crises (civil unrests),
development of residential buildings, flooding, and tree
planting for economic reasons are lead causes of land use
change. Vegetation land use has shown a decrease from
49.75% in 1988 to 28.84% in 1998, then and increase from
28.84% in 1998 to 30.54% in 2023. There was increase of
water bodies’ land class from 12.3% in 1988 to 25.64% in
1998, then a decrease to 10.92% in 2023. Built up areas
dynamically increased from 28.19% in 1988, 44.73% in 1998
and to 45.98% in 2023, making built-up land the dominant
land cover in 2023.

Normalized Difference Vegetation Index

There has been continuous decline of NDVI values from 1988
(0.536), 1998 (0.411), 2016 (0.380) and 2023 (0.280), which
implies that vegetation cover in Kafanchan is steadily being
depleted. Ahmed (2016) in his study of vegetation cover of
the Ethiopian highlands where rainfall average is 1447 mm
obtained NDVI maximum values of 0.9 in 1986 and 0.16 in
2023. The NDVI result for Kafanchan in 2023 (0.280) despite
continuous decrease of NDVI values are observed to be
higher than the 2015 NDVI values of Minna (0.210) and
Abuja (0.042) as shown in the study by Agbelade et al., (2016)
while comparing the vegetation index between Minna and
Abuja. Olutoyin et al., (2017) in their across country
vegetation studies between 1981 and 2010 obtained NDVI
low (-1.0) and high (0.5) values. In the view of Olutoyin et al.,
(2017), points where NDVI values peaked (Akure, Calabar,
lkeja, Owerri and Warri) experience high rainfall of about
3,000 mm a par with 1800mm mean average experienced in
Kafanchan. Davenport and Nicholson (1993) showed strong
similarity between temporal and spatial patterns of NDVI and
rainfall when annual rainfall was below 1000 mm and monthly
rainfall below 200 mm. Tailing from Niasse (2005), the
region of West Africa has experienced a dent decline in
rainfall from 15 to 30% depending on the area following the
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IPCC, rainfall was seen to have decreased to 29-49% between
1968-1997 (McCarthy et al., 2001). The trend of continuous
decline in rainfall conditions was paused by a brief return in
1994, however decline of rainfall average continued to 2008
(Abeje etal., 2010). As NDVI values are directly proportional
to rainfall average, there is a correlation between the findings
of Olutoyin (2017) and the results obtained from 1988 to
2023, since the interruption of 1994 average rainfall was a
one-time extreme.

Research Findings

Most major metropolitan areas face the growing problems of
urban sprawl, loss of natural vegetation and open space, and
a general decline in the extent and connectivity of wetlands
and wildlife habitat (USGS, 1999). Lambin et al., (2001) in
their study involved 26 researchers, from a variety of
disciplines evaluating case studies around the world, to assess
the causes of land change enunciated: tropical deforestation,
rangeland modifications, agricultural intensification and
urbanization.

In Kafanchan, the survey revealed a miniature of deductions
of Lambin et al., (2001) that agricultural activities,
commercial activities, crises (civil unrests), development of
residential buildings, flooding, and tree planting for economic
reasons are lead causes of land use change. Findings supports
the results obtained from the NDVI which show that
vegetation cover in Kafanchan has been on the steady
decrease and its of much concern at the start of recession in
2016 (NDVI highest value:0.38) and 2023 (NDVI highest
value: 0.28). In Idowu et al., (2018) and Musa et al (2016), the
general similarity of decrease in vegetation cover, uncover the
decrease of vegetation in Kafanchan from 1988 (49.75%) to
28.84% in 1998 and 30.53% in 2023.

CONCLUSION

Consequence of urban growth capable of transforming rural
areas to urban, and towns to metropolis, there is always
increased competition as well as demand for land for different
purposes. The evidences show first that there is significant
change in vegetation land cover between 1988 and 2023. This
revealed the impact of land use change in Kafanchan area of
Kaduna State and the infamous decrease in vegetation land
cover is of great concern since vegetation is key in the
ecological stability of any area.
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