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Abstract

Vegetal cover change is a threat globally, a phenomenon with less attention concerning charcoal production. This study
investigates vegetal cover loss and commercial charcoal production by analyzing three major charcoal depots in Niger
south, Nigeria: Tatabu, Badeggi, and Batati. Utilizing a quantitative approach, primary data were collected through 663
questionnaires and secondary data via Landsat satellite imagery of 2010, 2015, and 2020 within a five-kilometer radius
of the depots. Relative importance index (RII) was used to analyse primary data, while satellite imageries were processed
using ArcGIS 10.8 software. Findings indicate a decrease in vegetative cover in Badeggi from 472.65 ha in 2010 to 269.92
ha in 2020. Key drivers of vegetation loss include deforestation (0.763 RII), farming (0.700 RII), and construction (0.690
RII). The region produces an average of 132 bags of charcoal weekly and ten truckloads monthly. The study emphasizes the
urgent need for sustainable environmental management and alternative energy sources.

Keywords: charcoal production, deforestation, land cover change, Niger south, vegetal cover

Streszczenie

Zmiana pokrycia roslinnego stanowi globalne zagrozenie, a zjawisku temu poswieca si¢ mniej uwagi w kontekscie
produkcji wegla drzewnego. Niniejsze badanie analizuje utrate pokrycia roslinnego i komercyjng produkcje wegla
drzewnego, analizujgc trzy gtowne sktady wegla drzewnego w potudniowej czesci stanu Niger w Nigerii: Tatabu, Badeggi
i Batati. Wykorzystujgc podejscie ilosciowe, zebrano dane pierwotne za pomocg 663 kwestionariuszy oraz dane wtorne
za pomocq zdjec¢ satelitarnych Landsat z lat 2010, 2015 i 2020 w promieniu pieciu kilometrow od sktadow. Do analizy
danych pierwotnych wykorzystano wzgledny wskaznik waznosci (RII), a zdjecia satelitarne przetworzono za pomocq
oprogramowania ArcGIS 10.8. Wyniki wskazujq na zmniejszenie sie pokrywy roslinnej w Badeggi z 472,65 ha w 2010 r.
do 269,92 haw 2020 r. Gtownymi czynnikami powodujgcymi utrate roslinnosci sq wylesianie (0,763 RII), rolnictwo (0,700
RII) i budownictwo (0,690 RII). Region produkuje srednio 132 worki wegla drzewnego tygodniowo i dziesi¢é ciezarowek
miesiecznie. Badanie podkresla pilng potrzebe zrownowazonego zarzgdzania Srodowiskiem i alternatywnych zrodet energii.

Stowa kluczowe: produkcja wegla drzewnego, wylesianie, zmiana pokrycia roslinnego, poludniowy Niger, pokrycie
roslinne
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1. INTRODUCTION

Vegetation is one of nature’s most valuable gifts
to mankind which is vital to the survival of a large
section of the world’s population, both humans and
animals (Belayneh, Ru, Guadie et al., 2018). Vegetal
cover removal is the most usually mentioned impact
of charcoal production. In Africa and South America,
charcoal consumption is increasing at a faster rate
than firewood consumption, and it is now accounting
for a huge share of overall wood energy use (Pennise,
Smith, Kithinji et al., 2001). Although, investment
in forest plantation-based charcoal production is
increasing in tropical regions, majority of biomass
for charcoal production comes from natural forests,
where spontaneous regeneration is the primary source
of forest recovery (Chidumayo & Gumbo, 2013). The
main reasons why governments, non-governmental
organizations and civil society are conscious of the
environmental impacts of wood fuel are this general
pattern — almost complete reliance on forest resources
for charcoal production — as well as perceived
unsustainable harvesting and poor post-harvest forest
management (World Energy Corporation, 2004).

Rapid changes in Land Use and Land Cover
(LULC) due to urbanization have significant effects
on biodiversity, ecosystem dynamics, and regional
and national climate (Choudhury, Das & Das, 2019).
One third (2.4 billion) of the global population
depends on charcoal and firewood for most of their
cooking and heating requirements (FAO, 2017). For
29 countries primarily in sub-Saharan Africa (SSA),
woodfuel constitutes more than 50% of total national
energy supply (FAO, 2014). It is estimated that
worldwide, approximately half of the wood extracted
from forests is used as woodfuel, 17% of which is
converted to charcoal (FAO, 2017). In woodfuel-
dependent nations, over extraction of woody biomass
to supply the energy sector can jeopardize the status
of forests and their ability to fulfill their regulatory
functions (Bazilian et al., 2011).

An integral part of every human society is the
use of forests and trees by human being for various
activities ranging from lumbering to construction
without leaving behind the use of forest for charcoal
production which serve as fuel for cooking in many
third world nations. Apart from serving as a strategic
measure in environmental conservation, forests and
vegetation cover equally present man with various
socioeconomic advantages which aids sustainable
development. Many studies have attempted a study
into vegetal cover change also viewed most times

as Land Use and Land Cover Change (LULCC)
(Choudhury, Das, & Das, 2019; Belayneh, Ru,
Guadie, Teffera, & Tsega, 2018; Arowolo & Deng,
2018; Akbari, Shea Rose, & Taha, 2003; Hailua,
Mammoa, & Kidan, 2020). The impact of LULCC on
temperature change was studied by (How Jin Aik etal.,
2020; Choudhury et al., 2019). Also, Belayneh et al.
(2018) studied the driving forces behind forest cover
change while Arowolo and Deng (2018) explored
the driving factors of variation and transition of
cultivated land use, Akbari et al. (2003) evaluated the
effects of landscaped surfaces and urban vegetation
on meteorology and air quality while Kiruki et al.
(2016) appraised land cover change and the role of
charcoal production in woodland degradation.

In the aspect of commercial production of charcoal
as a fuel for cooking and its resultant effects on
physical and economic environment (Ekpo & Mba,
2020; Chidumayo & Gumbo, 2013; Lynch et al.,
2004; Malis et al., 2021). Historical charcoal burning
and coppicing suppressed beech and increased forest
vegetation heterogeneity was the focus of Malis et
al. (2021) while Lynch et al. (2004) studied charcoal
particle production, size, and transport during the
International Crown Fire Modelling Experiment.
Choudhury et al. (2019) assess the effects of charcoal
production in world tropical ecosystems. It is observed
from the literature that none of the research investigates
vegetal cover removal and charcoal production as
it affect the social, economic and environmental
sustainability. It is on this backdrop that this study
attempts to fill the gap by evaluating the vegetal
cover change and commercial charcoal production
in the southern region of Niger State, Nigeria using
remote sensing and GIS, in a bid to reveal the level of
variation in LULCC over the years while unveiling the
endemic effects of charcoal production in commercial
volume for cooking fuel on the sustainability of
the environment. The study therefore examine; the
variation in vegetal cover change from 2011 to 2021
alongside level of commercial charcoal production
and factors responsible for removal of vegetal cover
in the southern region of Niger State.

2. LITERATURE REVIEW
2.1. Vegetal Cover Change

In many earth system processes, vegetal cover is
a critical factor (Hansen et al., 2000). Humans and
other creatures rely heavily on vegetation as a natural
resource. For resource management and challenges
related to land cover change, monitoring and evaluating

185



°® .
enVIr® nment ZMIANA POKRYCIA ROSLINNEGO | KOMERCYINA PRODUKCJA WEGLA DRZEWNEGO W POLUDNIOWYM REGIONEE. .

the types and extent of vegetation is critical (Rakiya
et al.,, 2018). Today’s vegetation is predominantly
influenced by human activity, and any understanding
of global change must take into account the widespread
impact of human activity on land surface conditions
and processes. Anthropogenic influences are having
a dramatic effect on the urban environment, redefining
vegetation and presenting new problems and research
opportunities as the human population grows and more
people move to urban areas (Rakiya et al., 2018).

The impact of competing biophysical processes
on Earth’s surface energy balance varies regionally
and seasonally, and depending on specific vegetation
changes and baseline temperature, can resultin warming
or cooling (Duveiller et al., 2013). LULCC studies
have become an important part of modern natural
resource management and environmental monitoring
techniques. Recently, the decreasing vegetal cover over
Nigeria gives an accurate assessment of the spread and
health of the world’s grassland, water, agricultural, and
land resources being/becoming a top issue (Fanan et
al., 2011; Fashae et al., 2017).

2.2, Charcoal Production

Despite the move to cleaner and more energy-
efficient fuels like as gas and electricity, charcoal
remains a major source of energy for many urban
and peri-urban families in Sub-Saharan Africa (SSA),
Southeast Asia, and Latin America (FAO, 2017).
Affordability and cultural preferences for charcoal,
together with high rates of population growth and
urbanization in these countries, predict that demand
will keep growing for the next thirty to fifty years
before it begins to decline (Santos et al., 2017).
Because most charcoal comes from natural forests
(Chidumayo & Gumbo, 2013; FAO, 2017), addressing
this expanding demand is already causing issues in the
tropics’ energy, forestry, and environmental sectors.

Charcoal is utilized as a fuel in domestic cooking
and some companies; particularly those specialized in
casting bronze and other metals can be produced all
year round, involving woodland exploitation, which
enhances deforestation, having varieties of negative
consequences such as the loss of valuable resources
and the environment, as well as driving climate
change through the release of greenhouse gases,
reducing the bio-productivity of natural ecosystem
by altering the habitats of numerous species, and
exposing bare surfaces vulnerable to runoff, thus
making the product more expensive (Mwampamba et
al., 2018; Silva et al., 2019; Ekpo & Mba, 2020).
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Increased accessibility and improved satellite imagery
have greatly assisted current understanding of charcoal
production technologies over the years, resulting in
arevived interest in evaluating the larger consequences
of commercialized charcoal production on vegetal
cover and habitat (Sedano et al., 2016; Ahrends et al.,
2010; Bailis et al., 2017; Ghilardi et al., 2016). Nearly
80% of people in African cities use charcoal as their
primary cooking fuel (Zulu & Richardson, 2013).
People in rural hinterlands with few economic options
accelerate charcoal manufacturing as demand rises as
a result of growing urbanization (Chidumayo &
Gumbo, 2013; Jagger & Jumbe, 2016; Mulenga,
Hadunka, & Richardson, 2017). Commercial charcoal
production contributes significantly to environmental
degradation and sustainable livelihoods by removing
vegetation and disrupting the ecosystem (Hosonuma et
al., 2012; Ryan, Berry, & Joshi, 2014).

2.3. Effects of Charcoal Production on Vegetal Cover
Charcoal production entails woodland mining, which
contributes to deforestation, which has a lot of negative
implications, including the loss of precious resources and
severe environmental interference (Martin et al., 2012).
As aresult, by depleting our natural habitats, deforestation
has a negative influence on society and economies in
the long run, and sustainable forest management has
been a top priority given the potential impact on global
biodiversity. Charcoal production necessitates the cutting
of trees and the removal of natural vegetation, both of
which contribute to species extinction. The loss of genes,
populations, species, and ecosystems through removal
of tree is rapid and irreversible if fundamental ecological
processes are distrupted (Chidumayo & Gumbo, 2013).
Biodiversity is the foundation of ecosystem health and
ecological service supply. According to Rockstro et al.
(2009), species interaction exists in an ecosystem, as such
the decline or extinction of one species has an effect on the
life span of other organisms and the ecosystem as a whole.
When forest cover is removed, wildlife loses habitat
and becomes more prone to poaching (Bailis et al.,
2005). Emissions of greenhouse gases from charcoal
production in tropical ecosystem in 2019 are estimated
at 71.2 million t of carbon dioxide and 1.3 million t
for methane (Chidumayo & Gumbo, 2013). Smoking
and carbon emissions from wood burning cause
physical and mental health problems. Also contributes
to climate change that has some health effects. Many
trees inside forest reserves serve as source of local
herbs for the fringe community, which they use to
take care of their health issues. According to the local
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homeopathic medicine dealers, deforestation has made
them to lose many trees that they use for treatment and
some are on extinction (Ekpo & Mba, 2020). Millions
of people rely directly on forests for their livelihoods,
whether through small-scale agriculture, hunting
and gathering, or the collection of forest products
like rubber. Vegetal cover change continues to cause
serious socioeconomic issues, even violent conflict in
certain cases. In the year 2000, global wood production
totalled 3.9 billion m’, of which 2.3 billion m’
were used as charcoal, meaning that around 60% of
the world’s total wood removals from forests and trees
are used for energy purposes (FAO, 2008).

2.4. Relative Importance Index

The Relative Importance Index (RII) is one
of the widely adopted statistical techniques for
assessing variables according to their priority and
ranking, especially in social sciences disciplines and
sustainability studies. RII provides standardized scores
for the relative importance of each factor analyzed.
The RII is calculated using the following formula:

W
AxN

RII=

where:

W — weight assigned to each response,
A — highest possible weight,

N — total number of respondents.

In environmental science research, RII has been
extensively adopted to identify and rank risk factors,
and performance indicators. For example, RII was
adopted by Giindiiz et al. (2013) in assessing and
ranking delay factors in construction projects,
Khatib et al. (2020) used RII to rank delay factors
in reconstruction and rehabilitation of projects, while
Genc (2023) identified principal risk factors using
RII. Rooshdi et al. (2018) adopted RII to analyzed
design and construction activities for sustainable
green highways. In contrast, Aghili et al. (2019)
applied RII to assess green building management.
Recent study by Ibrahim et al. (2025) adopted fuzzy
RII model to assess lean construction practices.

3. METHODOLOGY

The study area is located between latitudes 8°20'N
and 9°45'N and longitudes 4°85'E and 6°80'E. It is an
extensive lowland region with about 100-200 metres
in height covering eight Local Government Areas of
Mokwa, Edati, Lavun, Katcha, Agaie, Bida, Gbako
and Lapai, respectively (see Fig. 1).
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Fig. 1. Location of the Study Area in Niger State, Nigeria
Source: Niger Ministry of Lands and Housing, 2022

Data were be sourced from both primary and
secondary sources with the help of GIS and remote
sensing, physical observations relevant to the study
were observed, measured, and recorded with the
help of structure closed ended questionnaire and
discussion with selected respondents across the eight
regions. Secondary data were obtained from relevant
texts, journals, newspapers, government publications,
magazines, and the internet, which served as
a concrete source of insight into charcoal production
and deforestation. The sample size was determined
based on the entire population of the study area in
general, and each of the locations or districts of the
region in general. The estimated households of the area
were adopted as sample size for more representative
and realistic questionnaire administration.

The total population of the LGAs were projected
from 2006; the last known population census
conducted in the country to one million, six hundred
and ninety two thousand, two hundred and thirty three
(1,692,233) in 2022. Bartlett sample size formular
was adopted to ascertain the sampled respondents of
six hundred and sixty three (663) for questionnaire
administration (See appendix A). The percentage
contribution of each LGAs and districts to the entire
population was adopted for eventual administration
of structured closed ended questionnaires with
a five point likert scale to enable eventual ranking
through the relative importance index for the factors
contributing to the removal of vegetal cover.

For the vegetal cover analysis, data were collected
and analysed via Landsat image classification
which involves acquisition of multispectral images,
followed by pre-processing (radiometric and
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geometric correction, and cloud removal) alongside
supervised classification algorithms for categorizing
vegetal cover types using training data, while ground
trotting enables accuracy and validation as suggested
by Mohajane et al. (2018) and You et al. (2022); post
processing of data for analysis include spatial filtering
and change detection for comparison of different time
series/periods (2010, 2015 and 2020) respectively to
identify the extent of vegetal cover loss overtime. This
is then followed by quantitative and spatial analysis
for classifying the extent of vegetal loss overtime and
spatial illustration on maps via ArcGIS versionl0.
Relative Importance Index (RII) was adopted in
ranking the various factors contributing to vegetal
cover loss in the study area.

4. DATA ANALYSIS AND PRESENTATION
4.1. Vegetal Cover Change from 2011 to 2021

The three major charcoal deports including Badeggi,
Batati and Tatabu in the study area were selected as
the place of interest in satellite image classification.
The satellite imageries captured covers 5 km from
the charcoal deports. This allows monitoring of the
vegetal cover loss over time. The satellite image
classifications are presented in Figures 2, 3 and 4.

Findings of the study in relation to Badeggi shown
in Table 1 reveals that the vegetation cover in 2010
was 472.65 ha while built-up area covers 706.68 ha
and bare land covers 638.69 ha respectively. However,
the vegetation cover reduces to 333.94 ha in 2015
while built-up area coverage increased to 1,014.41 ha
and bare land equally drops to 469.67 ha in Badeggi.
Meanwhile, further decline was observed for 2020
where vegetation cover was estimated to be 269.92
ha, built-up area coverage further rose to 1,231.11 ha
and bare land further drops to 316.99 ha in Badeggi
axis. As further contained in the table, the 26% vegetal
cover in 2010 had declined to 14.85% of the total
coverage area in 2020 across the selected radius of the
depot in Badeggi while built-up area coverage rose
from 38.87% in 2010 to 67.72% in 2020 and bare land
equally drops from 35.13% in 2010 to 17.44% in 2020.

Table 1. Classification of vegetal cover in Badeggi

Classification Zi 2l 2l

Ha % Ha % Ha %
Vegetation 472.65 26.00 | 33394 | 1837 | 269.92 14.85
Built-Up Area 706.68 | 38.87 |[1,014.41| 5580 |1,231.11| 67.72
Bare Land 638.69 | 35.13 | 469.67 | 25.83 | 316.99 | 17.44

Source: Landsat image 2021.
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Fig. 2. Vegetal cover change in Badeggi: a) 2010, b) 2015 and c) 2020
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The spatial representation of this finding in depicted
in Figure 2 where in 2010, the vegetation cover was
evidently present in Figure 2a; obvious change in
vegetal cover is depicted in Figure 2b where significant
increase was observed for built-up area and bare land
and vegetation cover decline. A further significant
decline in vegetal cover was observed in Figure 2¢
where greenery is almost invincible and disappearing
from the location with more dominant built-up area and
bare land resulting from various action of deforestation
(farming, mining, construction, charcoal production
among others) leading to loss of vegetation

Furthermore, results from Batati presented in Table 2
indicated thatthe vegetal coverin2010was 1,491.75ha
while built-up area covers 708.79 ha and bare land
covers 102.43 harespectively. Meanwhile, the vegetal
cover reduces to 687.11 ha in 2015, built-up area
coverage rose to 932.4 ha and bare land increased
to 683.46 ha in Batati. Similar to the observation
in Badeggi, further decline of vegetal cover was
observed for 2020 with 351.74 ha vegetation, built-
up area coverage further increased to 1244.2 ha and
bare land further grew to 707.03 ha in Batati axis. As
further depicted in the table, the 64.78% vegetal cover
in 2010 had declined to 15.27% of the total coverage

area in 2020 across the selected radius of the charcoal
depot in Batati while built-up area coverage rose from
30.78% in 2010 to 54.03% in 2020 and bare land
equally rose from 4.45% in 2010 to 30.70% in 2020.

Table 2. Classification of vegetal cover in Batati

. 2010 2015 2020
Classification
Ha % Ha % Ha %
Vegetation 1,491.75| 6478 | 687.11 29.84 | 351.74 | 15.27
Built-UpArea | 708.79 | 3078 | 9324 | 4049 | 12442 | 54.03
Bare Land 102.43 445 683.46 | 29.68 | 707.03 | 30.70

Source: Landsat image 2021.

The spatial representation of this finding in depicted
in Figure 3 where in 2010, the presence of green
vegetation was evident in 2010 with over 50% of the
entire radius shown in Figure 3a; obvious decline in
vegetal cover is depicted in Figure 3b where significant
increase was observed for bare land accompanied by
declining vegetation. A further significant decline in
vegetal cover was observed in Figure 3¢ where greenery
is almost fading away while bare land and built-up area
becomes more pronounced compared to Figure 3a as
aresult of various factors like farming, mining, charcoal
production among others leading to loss of vegetation.
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Fig. 3. Vegetal cover change in Batati: a) 2010, b) 2015 and ¢) 2020
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In the same vein, findings of the study from the radius
around Tatabu charcoal depot presented in Table 3
indicated 260.08 ha vegetal cover; 76.21 ha for built-up
area and 795.69 ha for bare land in 2010 respectively.
Variation in coverage was witnessed in 2015 with
vegetal cover declining to 178.6 ha; built-up area rose
to 197.74 ha while bare land slightly drops to 755.64 ha.

Another variation in coverage was witnessed across
the three classifications in 2020 where vegetal cover
was 158.49 ha, built-up area rose to 381.35 ha and
bare land reduced to 592.14 ha in 2020. As further
depicted in the table, the 22.98% vegetal cover in
2010 had declined to 14.00% of the total coverage
area in 2020 across the selected radius of the charcoal
depot in Tatabu while built-up area coverage rose
from 6.73% in 2010 to 33.69% in 2020 and bare land
declines from 70.29% in 2010 to 52.31% in 2020.

Table 3. Classification of vegetal cover in Tatabu

Classification 2010 2015 2020

Ha % Ha % Ha %
Vegetation 260.08 | 22.98 | 178.6 | 1578 | 158.49 | 14.00
Built-Up Area 76.21 6.73 | 197.74 | 1747 | 38135 | 33.69
Bare Land 79569 | 7029 | 755.64 | 66.75 | 592.14 | 5231

Source: Landsat image 2021.

This finding is spatially presented in Figure 4 where
in 2010, the presence of traceable green vegetation
was evident in 2010 shown in Figure 4a; obvious
decline in vegetal cover is depicted in Figure 4b
where significant increase was observed for built-up
areas accompanied by declining vegetation. A further
significant decline in vegetal cover was observed
in Figure 4c where greenery is almost fading away
while built-up area equally drops and bare land and
becomes more pronounced compared to Figure 4a
as a result of various factors like farming, mining,
charcoal production among others leading to loss of
vegetation.

4.2. Level of Commercial Charcoal Production
in the Study Area

As presented in Figure 5, seventy five (75) bags of
charcoal are produced in Tatabu while Badeggi has
a production rate of one hundred and twenty (120)
bags of charcoal on a weekly basis and the highest
charcoal production was observed in Batati with an
average of two hundred (200) bags per week. This
indicates an average production of one hundred and
thrity two (132) bags per week across the three major
charcoal depots in the study area.
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Fig. 4. Vegetal cover change in Tatabu: a) 2010, b) 2015 and c) 2020
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Fig. 5. Weekly production of charcoal (in bags)
Source: Field survey, 2021

Results of the findings in relation to the average
kilogram of a bag of charcoal presented in Figure 6
indicated that 19.8% respondents submitting to less
than 5 kg, 13.2% are of the opinion that an average
bag of charcoal weighs between 6-10 kg, those with
the view that it weighs between 11-15 kg are 15.5%
while 42.7% submitted that a bag of charcoal has an
average weight of 16-20 kg as the remaining 8.8%
submitted that a bag of charcoal weighs above 20 kg.
By implication, an average bag of charcoal is concluded
to weigh between 11-20 kg seeing a total cumulative
submission of 58.2% response.

H<5kg
H6-10kg
M1l-15kg
H16-20kg
u>20kg

Fig. 6. Average Kilogram per bag of charcoal
Source: Field survey, 2022

Findings of the study according to the average number
of tucks export out of the region per month from the
major charcoal depots as shown in Figure 7 revealed an
average of 3 trucks exported from Tatabu depot while 6
trucks are often exported per month from Badeggi depot
while the highest 10 trucks export per month is observed
for Batati charcoal depot respectively, giving an average
of ten trucks per month with each truck containing
within 200-500 bags. By implication, it can be inferred
that the region is a large supplier of charcoal both locally
across Nigeria and outside the country’s border. It also
revealed a large volume of trucks loading charcoal out
of the region into the south-western part of the country
with Lagos the most preferred destination where it is
further loaded on ships for eventual exportation out of

the country while Abuja and Kaduna are the preferred
destination in the Northern part of the country. See plate
1 and 2 in appendix B for the removal of vegetation
for charcoal production and bags of charcoal awaiting
export out of the region.

16%

21,70%

M < 3 Trucks
W4 -6 Trucks
7 -9 Trucks
B 10 and above trucks

29,80% 33,10%

Fig. 7. Charcoal export by trucks per month
Source: Field survey, 2022

4.3. Factors contributing to Vegetal Land Cover Loss

Results presented in Table 4 regarding factors
contributing to vegetal land cover loss indicated that;
deforestation is ranked highest with 0.763 RII values
followed by farming ranked second with 0.700 RII
as 0.690 RII was observed for construction exercises
ranked third while overgrazing and lumbering were
ranked fourth and fifth with 0.682 RII and 0.663 RII
values respectively alongside mining ranked sixth
with 0.654 RII values. The factor ranked seventh
was flooding and excessive rainfall followed by
heavy winds with 0.650 RII, slope and gradient of the
region was ranked ninth with 0.559 RII as 0.546 RII
was recorded for nature of soil and topography while
tectonic activity is ranked eleventh with 0.538 RII
value and the lowest ranked factor contributing to and
responsible for the removal of vegetal cover is climate
and weather variation with 0.503 RII values.

Table 4. Summary of Factors Responsible for the Removal
of Vegetal Cover

Factors Mean RIl Rank
(limate and Weather variation 2513 0.503 2"
Nature of soil/Topography 2.728 0.546 10"
Tectonic activity 2.692 0.538 1"
Slope and Gradient 2795 | 0.559 g
Construction (Dam, Buildings, Infrastructures) | 3.449 0.690 31
Flooding and Intense rainfall 3.267 0.653 7
Overgrazing 3.408 | 0.682 4
Heavy winds 3248 | 0.650 8"
Deforestation 3.816 | 0.763 1™
Farming 3499 | 0.700 2"
Lumbering 3317 | 0.663 5
Mining 3269 | 0.654 6"

Source: Field survey, 2022.
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4.4. Discussion

The findings from the study area indicate significant
declines in vegetal cover between 2011 and 2021, with
corresponding increases in built-up areas and varying
changes in bare land. This trend, which has been
seen in Tatabu, Batati, and Badeggi, is indicative of
widespread land conversion and deforestation efforts
that are primarily motivated by the manufacturing
of charcoal. The worst effects of these commercial
activities on the environment are shown in Batati,
where there has been a reported drop in vegetative
cover from 1,491.75 ha to 351.74 ha. These
developments are consistent with worldwide patterns
in which economic activities like resource extraction,
urbanisation, and agriculture drive changes in land
use, especially in poor nations (Arifeen et al., 2021).
Research from other continents, such as Southeast
Asia and South America, also show that urbanisation
and agriculture-related deforestation dramatically
diminish the amount of forest cover (Destiartono &
Hartono, 2022; Sylvester et al., 2024).

Comparatively, similar patterns have been seen
throughout Africa, where deforestation is mostly
caused by the conversion of forest areas for agriculture,
urban development, and the manufacturing of
charcoal (Kiruki et al., 2020; Nyarko et al., 2021;
Sedano et al., 2022). For example, the growth of
urban areas and agricultural land in West Africa has
resulted in a significant loss of forest cover (Ziem
Bonye et al., 2021). Studies from Kenya and Tanzania
have shown that the production of charcoal is a major
factor contributing to forest degradation in East Africa
(Kiruki et al., 2020; Nyarko et al., 2021). The study’s
conclusions are consistent with these geographical
patterns, suggesting that the economic forces driving
up the production of charcoal and land conversion are
widespread throughout the continent. This emphasises
the necessity of sustainable land management
techniques to counteract environmental deterioration
while juggling financial requirements.

Deforestation, excessive grazing, mining, building,
and farming are among the causes that have been
shown to contribute to the loss of vegetative cover.
These findings are in line with those from other parts of
Africa and the world (Tsegaye, 2019; Musetsho et al.,
2021; Hussein, 2023). The primary issue in Lapai and
other research areas is deforestation, which is fuelled
by activities like the manufacturing of charcoal.
Similarly, in the Amazon Basin where deforestation
is common for soybean farming and cattle ranching;
similar drivers of vegetal loss have been observed
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(Hanggli et al., 2023; Alves et al., 2023). The high
relative importance index (RII) values observed for
mining and deforestation match trends observed in
other African nations like Ghana and the Democratic
Republic of the Congo, where land clearance for
agriculture and mineral extraction are the main drivers
of forest loss (Bas et al., 2024; Rieckmann & Mufioz,
2024). The intricacy of managing land resources in
the face of many and conflicting economic activity
is shown by the study's thorough analysis, which
highlights the complex factors influencing changes in
land cover.

5. CONCLUSION AND RECOMMENDATIONS

Using remote sensing and geographic information
systems (GIS), this study assessed changes in vegetal
cover and the production of commercial charcoal
in the southern region of Niger State, Nigeria. The
results show notable differences in land use and land
cover change (LULCC) between 2011 and 2021, with
widespread commercial charcoal production serving
as the main driver. A striking drop in vegetative
cover is shown by the analysis, especially in the
vicinity of important charcoal depots like Badeggi,
Batati, and Tatabu, where the greenery has been
replaced by barren terrain and built-up regions. As
revealed by the study, there is a significant amount
of charcoal produced; Batati alone may produce up
to 200 bags per week, highlighting the activity’s
economic importance. According to the study, the
main causes of the loss of vegetative cover include
overgrazing, farming, mining, and deforestation,
with the manufacturing of charcoal being the most
common reason. These results draw attention to the
unsustainable use of forest resources as fuel, which
presents serious problems for the sustainability
of the ecosystem. In order to maintain the long-
term viability of the region’s natural resources, the
report urges the rapid implementation of sustainable
land management techniques that strike a balance
between economic requirements and environmental
conservation.

In order to tackle the noteworthy reduction in
vegetative cover and issues related to environmental
sustainability that the study uncovered, it is
suggested that the southern part of Niger State
adopt sustainable land management techniques. To
lessen reliance on charcoal, this entails encouraging
other energy sources, implementing stronger laws
against deforestation, and stepping up reforestation
initiatives. Furthermore, overgrazing and soil
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degradation may be lessened by implementing the environmental effects of charcoal manufacturing
sustainable farming methods and managed grazing. are essential. Ensuring long-term environmental
In addition to supporting economic diversification to  sustainability and economic stability can be
lessen reliance on ecologically damaging methods, facilitated by collaborating with non-governmental
community education and awareness campaigns on  organisations and government agencies.
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APPENDIX A
SAMPLE SIZE
S/N LGAs Districts Population % contributed Sample Size Returned Valid
1 Lapai Lapai 64,403 3.6 24 19
Shaku 13,108 0.8 5 5
BirninMaza 10,349 0.6 4 5
Duma 11,668 0.7 5 4
Gulu-Vatsa 8,781 0.5 3 5
Kpada 12,204 0.7 5 3
Ebbo 5,447 03 2 5
Bata 7,863 0.4 3 2
Muye 14,741 0.8 5 3
Gupa 9,099 0.5 3 5
Total 152,922 8.9 59 51
2 Agaie Agaie 78,149 45 30 28
Kintifin 25918 15 10 8
Tagagi 11,468 0.6 4 4
Baro 29,814 1.7 n n
Fogbe 12,668 0.7 5 5
Kusoyaba 11,462 0.7 5 5
Goyiko 8,617 0.5 3 3
Total 172,741 10.2 67 64
3 Katcha Katcha 74,107 42 28 27
Kateregi 41,218 24 16 16
Baddegi 27,681 1.6 N n
Bakeko 19,873 1.1 7 7
Total 157,982 9.3 62 n
4 Bida Bida 249,996 143 95 78
Total 242,479 14.3 95 78
5 Ghako Lemu 60,070 3.7 24 20
EtsuAudu 65,608 3.8 25 23
Edozhigi 41,281 24 16 15
Total 165,760 9.9 65 58
6 Lavun Kutigi 74,849 43 27 19
Dabhan 44,418 25 17 17
Kp... 36,612 21 14 14
Jima 39,841 23 15 12
Doko 46,689 2.7 18 17
Gaba 40,224 23 15 13
Total 274,135 16.2 107 94
7 Edati Enagi 119,248 6.8 45 39
Sakpe 96,075 55 37 35
Total 208,849 123 82 74
8 Mokwa Mokwa 124,741 7.1 47 4
Muwo 44,908 2.6 17 17
Takuma 56,251 3.2 21 14
Kudu 38,004 22 15 15
KedeTifin 33,407 1.9 13 12
KedeTako 29,892 1.7 1 10
TOTAL 317,365 18.7 124 107
GRAND TOTAL 1,692,233 100 663 597

Source: NPC (2006); NBS (2012); Authors projection (2022)
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APPENDIX B

=i R o H
Plate 1. Vegetal removal during charcoal production
Source: Authors Survey, 2022

Plate 2. Bags of charcoal awaiting transport
Source: Authors Survey, 2022
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