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ABSTRACT 

Charcoal is mostly pure carbon known as char that is been produced by cooking 

of woods in low oxygen environment which takes some days and burns some 

volatile compounds like water, methane, hydrogen and tar, but when been 

produced in commercial quantities this burning takes place in large hole, concrete, 

bricks and steel silos with little oxygen’s and it’s been stopped halfway to avoid 

over burning that will turn it to ash. This charcoals is been produced for 

commercial and domestic purposes like cooking and industrial uses. The purpose 

of this study was to assess the Impact of charcoal production in Bida and its 

environs, The aim and objectives is to examine the land use and land cover of the 

area from 1988-2018, examine the trend in the land cover change. The data used 

for the study were Landsat 5 Thematic Mapper (TM) of 1988, 1998, Landsat 

Enhanced Thematic Mapper plus (ETM+) data of 2008 and Operational Land 

Imager (OLI) of 2018.the land use and land cover  was classified into five classes 

from 1988– 2018 as well as simulate to 2038  to monitor the changes that have 

taken place over time and space and using Cellular Automata Markov (CA_ 

Markov) for modeling and predicting the future expansion of built-up lands that 

would take place in the study area by the year 2038.The results show that urban 

land use was high between 2008 to 2018 occupying about 455.8401 (25%) in 2008 

and536.5422 km2 (29%), it will experience further increase to (44.43%) in 2038 of 

the total land mass. Also forest is on the decrease from 11% (205.0443 km2) in 

2008 to 9% (158.6844 km2) in 2018.The results illustrate that if the trend of change 

in the future period continues the built-up lands would cover 44.43% of the total 

area in the study area by 2038. Moreover, the expansion of the built-up lands 

occurred at the expense of the agricultural forest, vegetation and arable lands. The 

study concludes that excess tree cutting without reforestation program causes  

deforestation which contributes to carbon dioxide accumulation in the atmosphere, 
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for trees absorbs carbon dioxide CO2 and gives out oxygen and when there is 

excess carbon as a result of human and other factors with less trees to absorb them, 

more carbon dioxide will be trapped in the atmosphere causing warming that can 

force climate change which creates extreme weather conditions like drought, 

melting of ice, excess rainfalls and others. This study recommends that proper 

awareness, monitoring should be implemented on all charcoal production sites and 

government should improve on some few basic amenities to substitute usage of 

charcoals like electricity and gas, with a proper afforestation program to protect 

these depleted forests reserves. 

 

Keywords: Tm, CA Markov Land use and Land cover, Oli   

 

Introduction 

The  Paris agreement and the adoption of sustainable development goals (SDG) 

for 2030 agenda by countries and international organization in 2015 represent a 

new era in environmental assessment of the diverse anthropogenic activities. The 

plan is unambiguous when alluding to the integrated and indivisible dimension of 

sustainable development and its appropriate assessment. As a result, it has given a 

new air to transdiciplinary and transboundary research  in topics regard poverty 

alleviation in developing countries  specially for bioenergy production from forest 

biomass the 2015 Durban ‘Declaration for forest and forestry and “Actions 

points”(FAO 2015 indicate the necessity of a comprehensive approach when 

addressing the full value chain of fuel wood and charcoal as well as the 

requisiteness governance understanding to improve sustainability and efficiency 

especially for charcoal production and trade and its impact on environment  

The political instabilities in Nigeria during the Abacha’s regime in 1993/1994, 

which was an aftermath of the annulment of June 12, 1992 Presidential election 

won by the late business mogul Chief M.K.O Abiola created an acute scarcity of 

kerosene that was seriously felt in different parts of the country. The kerosene 

scarcity led to the invention of Abacha coal pot a locally made cooking stove that 

uses charcoal 

Over the years the cooking technology Abacha coal pot has been widely accepted 

and the used spread rapidly due to incessant increases in the prices of kerosene and 

cooking gas. In Nigeria the official price of kerosene per litre has been increased 

more than 200% over the last decade and the presently, it is sold at an unofficial 

price that is more than currently official price of about uss .05.This ugly trend has 
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given a boost to the charcoal trade in different parts of the country and now the 

peoples of forest are suffering (Chima 2006)Charcoal production is done through 

a method called pyrolysis of biomass .Pyrolysis is define as the irreversible 

chemical change brought about by heating biomass in the absence of oxygen. 

During pyrolysis biomass undergoes a sequence of change and normally yields a 

black carbonaceous solid called charcoal along with mixture of gases vapors. 

Generally charcoal production through pyrolysis is maximized in process of low 

temperature and slow heating rates the so called carbonization.(Bhattacharrya and 

Salam 2006) Charcoal is used as a domestic fuel for cooking and heating in many 

developing countries .It is the most popular barbecue fuel throughout the world its 

advantages when used as a domestic fuel are that it produces less smoke while burn 

require little or no preparation before actual use has higher energy content per unit 

mass can easily transported stored and used when left over after cooking.  

Forest is an important natural resource that covers approximately one third of the 

earth surface equivalent to 4 billion hectares (FAO 2005).They comprises a wide 

variety of ecosystem that range from open savannah    lands to dense tropical rain 

forest and  they are some most biological diverse system on the planet (FAO 2005) 

These forest ecosystem does not only provide a range of environmental services 

that include services that include soil and water shed conservation and carbon 

sequestration but also extensive economic benefit from timber (energy industries 

medicine) and recreation (Sengupta and maginnis 2005) .The present day forest 

cover is approximately half of what existed pre agriculture time the majority of 

which has been lost in the last three decade (FAO2005) This decline has been  

attribute to various factor that include changing livelihood patterns such as the 

transition from hunter gathering to sedentary agriculture (Sundelin et al 2005) and 

social economic demands of development for timber wood fuels. While 

deforestation slowed down between the year 200 and 2005, nonetheless the process 

is progressing at alarming rate with forest loss estimated at 7.3 million hectares per 

year predominately in Africa at and South America (FAO 2005). The world largest 

consumption of charcoal is on Africa and continent with an attendant air emission 

its related environmental problem (Kammen and laws 2005 Kituyi 2004) The 

extraction of timber for wood fuel account for 61% of total wood removals (FAO 

2005) This highlights the importance of these fuels in the energy mix of many 

countries .Energy provision is a basic human need and consumption is closely 

related to the of a country’s development(UN-Energy 2005 )  This is observed in 

the poor Human Development index HDI ;measure of development based on life 

expectancy education and standard of living. Scores and the low energy 
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consumption of sub-Saharan Africa as well as many other developing countries 

heavily dependent upon wood fuels for their energy requirement ( Arnold and 

person 2005) The growing demand for charcoal in these countries has resulted in 

localized considering its deforestation in vulnerable areas particularly surrounding 

urban center in sub-Saharan Africa (Sei 2002) Charcoal production is very 

prominent Niger Kogi and Benue states of Nigeria where there are guinea belts that 

supports production, Forest are decimated economics trees meant for fruit 

production are felled for charcoal and farm lands have been used excessively 

without considering its future implication in the environment Eniola et al (2018.) 

Several studies on charcoal have shown that production of wood fuel downward 

spiral at live hood suggesting that deforestation is the result unsustainable resource 

use driven by poverty. In many countries the rural people and even charcoal 

producer are too poor to use charcoal and the demand for charcoal is found in the 

urban area in hotels clubs house and restaurants as barbeque fuel house hold  for 

cooking and commercial activities for fish meat snail chicken smoking and metal 

smelting by blacksmith Moving beyond this few studies have been undertaken in 

West Africa to assess the ecological or environmental impact associated with 

charcoal production extent of DE vegetation forest degradation and deforestation 

in Nigeria due to inefficient charcoal  and utilization technology is not known 

similarly the effect of earth kiln  construction and firing on the soil properties has 

not  been investigated through some researches were based air pollution during the 

carbonization process. The study therefore dwells on the study of DE vegetation, 

deforestation and degradation 

The   charcoal production has been known since the Bronze Age and was vital to 

metallurgical industries until the discovery of the conversion of coal to coke at the 

beginning of the 18th century when there was increasing scarcity of easily harvested 

(FAO 2004) The world largest charcoal producer ‘Brazil’ with more 12 million 

metric tons in year 2002 has preserved its charcoal based industries in large part 

because it has  extensive iron deposit and very few coal mines (Rosllo-et al 1990) 

In most Africa countries charcoal environmental degradation in rural area 

(Kammen and law 2003) in the contrast to the developing countries in Africa and 

Asia the  European and North America countries use large amount of charcoal for 

barbeque fuel in foundries and forges for extraction and refining of metals 

especially iron.   

Energy is a vital role for the survival and improvement of one’s quality of life. 

However the most constructive affordable local and renewable source of energy 

that could be produced on a sustainable platform for the development of people of 
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Bida and environment a less developed town in the south region of Niger state is 

charcoal or wood fire. 

The research methodology adapted in this study is the analysis remotely sensed 

satellite imageries (data), back up with field survey. Remote sensing having been 

one of the effective tool to study and monitor deforestation as result of charcoal 

production is found to be accurate if couple with perfect image analysis techniques.  

 

Study Area 

Bida and it environ is located geographically latitude 5.40E 6.50E and Long 8.40N 

9.50N meaning that its lies within the tropics and at the southern guinea savannah 

belt of the country with respect to its geological location. The geological 

characteristic of Bida is based on basement complex and the Nupe and stones  

 
Figure 1.1: Map of Study Area 

 

The climate of Bida and its environment is in simple form. Available 

meteorological data should  Bida and its environs wet and dry seasons of the 

country .The wet or rain seasons begins from the month of April with a total rain 

51.5mm whereas the peak occurs within the month August with  total rainfall 

308.2mm. The annual rainfall is 1167.0mm the temperature also varies within these 
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period within these period within minimum value of 17*c. During the month of 

April the maximum value is 39*c the peak of the dry season November between 

month of March. Relatively humidity also varies within 37%-88% between months 

of August respectively. Due to high intensity of solar radiation and increase in 

number of hours of sunshine the percentage of possible sun is high during the dry 

season and cloud average is usually low humid atmosphere low Harmattan(dust 

haze) is usually experienced during the onset of the dry season as a result of North 

East trade wind passing across the Saharan desert carry along dust particle to the 

low humid atmosphere from these analogy one conclude by saying the Bida and its 

environs has a hot climate (NCRI.2019 

Vegetation of Bida and its environs is located on Guinea savannah region of 

Nigeria. The vegetation comprises of shrubs, some area close to river have a gallery 

forest at its bank of the rivers.  

It consists of wood land shrub, and light forest. The common tree found in this zone 

are; Shea butter, Neou oil, African locus bean or Niffa, Axle-wood and thinning’s 

piliostigma tree. Bush burning harvest tree for charcoal production and 

uncontrolled grazing are carried out everywhere in the study area thereby 

contributing immensely to the degradation of the vegetation. The increase in 

population has also resulted in increase in consumption of wood for domestic 

purposes aggravate the environmental degradation and land use 

changes.(NSBS,2012) 

The major ethnic groups in the study area are: Nupe, Gbagi Hausa/Fulani with 

other minor groups like Yoruba, Ibo among others. 

Their activities include subsistence agriculture farming and fishery which is the 

predominant occupation of the population in the state 

 

Method of data collection 

The satellite imageries of landsat Thematic Mapper (TM)  of 1988, 1998, enhanced 

Thematic mapper of  2008 and Landsat 8 OLI of  2018 were download from global 

land cover facility (GLCF).The sub setting of satellite image was done in order to 

extract the study area from the image.  Map was geo -referenced digitized in order 

to classify and analyses land use and land cover change of a degrading forest area. 

The characteristics of the images used and software are presented in table 3.1 and 

3.2 respectively 
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Table 2.1 satellite image and characteristic 

S\N DATA TYPE ACQUISATION IMAGE DATA 

1 Landsat(ETM) 1988 11 03 30M GLCF 

2 Landsat (TM) 199810 04 30M GLCF 

3 Landsat OLI 8 2008 and 2018 12 08 30 GLCF 

 

Software that will be used  

Software Uses 

GPS Coordinate point taking 

Arc IdrisSelva Image processing and classification 

Arc map 10.1 Perfection of the classifies images 

Microsoft excel Statistical analysis and graph plotted   

 

Method of Data Analysis 

Examination of land use and land cover of the study area 

The Landsat Thematic Mapper, Enhanced Thematic Mapper and Operational Land 

Imager with a resolution of 30m of 1988, 1998, 2008, and 2018 respectively were 

used for land use and land cover classification. These datasets were be imported to 

IdrisiTerrset. Digital image analysis was carried out. The major image processing 

steps include image layer stacking, resampling, and image enhancement of the 

datasets which are of utmost importance for LULC analysis. ; . This image 

classification will give us the land use map of the study area base on the land use 

classes in table 3.3. 

 

Table   2.3Land use land cover classes 

S/N Features Description 

1 Built-up area Settlements which are places of human buildings with 

varying network of roads 

2 Agricultural land Plantations, small farmlands. 

3 Water bodies Rivers and streams 

4 Vegetation Forest areas 

5 Bareland/open 

surface 

Fallow land, open space and exposed soil. 

 

Classification of land covers change from satellite image  

The LANDSAT Imagery was imported into IdrisiTerrset software for image 

processing and the coordinate of the study area was used to cave out the study area 
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The image were displayed in false colour composite (FCC) for a better 

visualization and identification based on the knowledge of the area in order to 

enable for classification of vegetation forest water bodies grass and shrub, open 

land, settlement. 

Land sat imagery with resolution of 30m of 1988 1998 2008 and 2018 which were 

acquired from Global Land cover Facility (GLCF) was used for land use 

classification. This data set was imported into IdrisiSelva satellite image 

processing software. The Land sat ETM satellite has seven (7) bands but carries an 

additional panchromatic band. Bands 1to7 have a spatial resolution of 30m and the 

panchromatic band has a15m spatial resolution for this classification band 2, 3 and 

4 were used to classify the land use types of the study area to get a true colour 

composite. Remote sensing  maximum likelihood supervised classification 

technique was employed during analysis together with the interpretation using Arc 

map 10.1 the layer stack option in image interpreter tool box was used to generate 

true colour composite for the study area. . The exact area of levies was enhanced 

for better classification. Five land use types were made used of in the classification 

scheme (1) vegetation (forest) (2) water bodies (3) grasses shrub (4) open land (5) 

settlement. Classified image pairs of four different period data were compared 

using cross tabulation in order to determine the quantitative aspect of the changes 

of the periods from 1988to 2018. A change matrix was produce with the help of 

Idrisi Terrset Software. Quantitative area data of the overall land use change as 

well gains and losses in each category between 1988and 2018 was computed 

 

Analysis of the Trend in Land use and Land cover change 

According to Abbas et al (2012) the trend and rate of changes in land use land 

cover was calculated by dividing magnitude change by sum of changes between 

the years concerned and multiplied  by 100   as shown in equation 1 

Trend=magnitude of change /sum of change X 100..................equation 1 

The formula was adopted to determine the trend and rate of land use changes in the 

study area.  

 

Examination of the effect charcoal production on the land covers of the study 

area   

Based on the outcome of the objective one and two the classified land use and land 

cover change map gotten was import to Arc map 10.1 coupled with the calculation 

of land use land cover change in hectares which was then over laid with the map 

of the study area which help in understanding the relationship between the changes 
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over time .The survey questionnaire will be issue to the target population and 

outcome answered were analysed 

 

Projection of the land use and land cover of the Study Area 

In order to further project the land use change. The Markov chain analysis and 

Cellular Automata Analysis in the Markov module of IDRISI was used. The 

predictive model in IDRISI (Markov module) considers previous land cover 

changes between two cover maps as input to produce a transition probability matrix 

showing the likelihood of each category to change or remain the same in the next 

period (Eastman 2012).  

 

Steps for CA-Markov Land Use Projection 

i. Creating LULC maps from satellites images by image classification 

techniques (1988, 1998, 2008 and 2018) 

ii. Using the LULC categories for the years 1988-2008 to simulate the year 

2018 in order to  

iii. validate the model 

 

RESULTS AND DISCUSSION   

 

Spatio-temporal Assessment of Land use and Land Cover (LULC) of Bida and 

its environs (1988, 1998, 2008 and 2018) 

Land use and Land cover Analysis of 1988 imagery 

 Land use and land cover types which include all water bodies, vegetation (natural 

and cultivate lands) bare lands (open space) of the multiple time intervals were 

analysed to examine the extent of deforestation in study area as result of the 

charcoal production. The  LULC of the Bida and its environment (part of Bida, 

Lavun,Katcha and  Gbako LGAs) 1988 as shown in figure 4.1.it revealed that farm 

land is the dominant category covering about 35.93% of the landscape as it 

occupied most of south western part of the study area. This followed by vegetation 

which covered an area of 597.0906 square kilometres (32.87%) of the study 

location. This vegetation was fairly covered by forest (guinea savanna) which 

accounted for 16.57f35 of the study area. The build-up area accounted for 13.26% 

total land of Bida that is about 240.93 square kilometres the large are farm land 

implies that majority of the populace were farmer   

Most of the cultivated lands are located on southern part of the study area. Dense 

vegetation covered about 596.3679 square kilometres (12.34%).The water body 
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were classified mostly in Northern and   Southern part of the map which accounted 

0.62%,  along with the water body there is the accumulation of sand bar about 

0.72% .The forest area accounted about 16.57 Bida and environment covered about 

1816.16 square kilometres. This implies that in 1988 the study area is covered by 

vegetation and forest.  

 
Figure 3.1: Classified 1988 LULC of the study area generated from Landsat 4 

 

Analysis of 1998 land use and land cover imagery 

The LU LC map of the Bida and its environment 1998 (figure 4.2) revealed that 

the farm land which is dominate in 1988 has reduce drastically from 652.6008 

square kilometres to 573.7977 square kilometres covering about 31.62% of the 

Bida and its environment .The forest area has also decrease from 301.0014 square 

kilometres to 283.9887 square kilometres covering about 15.65%.This decrease 

may be related to increase in built up area, people have to build houses for residence 

as a result of increase in population growth. The forest area also decrease as result 

of deforestation which is caused by increase demand for agricultural land, The 

production fuel wood and charcoal due to the scarcity and high cost of kerosene. 
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Figure 3.2: Classified 1998 LULC of the study area generated from Landsat 5 

 

Dense vegetation accounted for 32% (596.3679ha) that is about 1% decrease from 

its covering in 1998.There was a slight decrease in  water body from 11.4039 Km2 

in 1988 to 11.4021Km2 in 1998 this may be attributed to siltation of the rivers. Also 

there was increase in built up areas from  13.26% total land of Bida that is about 

240.93 square kilometres to 335.5929 Km2 (18.49%) these increase may be 

attribute to population growth in the area who are mostly  farmer that cultivate the 

land for the production of food,  implying that Bida and its environment witness 

some level of development between 1988 and 1998. 

 

Analysis of 2008 land use and land cover imagery 

The land use and land cover of 2008 is presented in figure 4.3. it shows that in 2008 

dense vegetation increase from 32% (597.0906) in 1998 to 46% (840. 9042) in 

2008, this increase in vegetation area can be attributed to deforestation which has 

led to the cutting down of forest trees resulting to vegetation, grassland, shrubs and 

other vegetal cover in the area.Also, farm land on the other hand has decrease from 

36% in 1988 to16% in 2008. The forest area has been reduce from 16% 

(301.0014)in 1998 to  11%  (205.0443) in 2008  these implying that forest  has 

been cut down as result of increase deforestation activities and agriculture practice 

such slash and burn by the farmer and also the production fuel wood and charcoal, 

The built up area has increase from 13% (240.93) in 1998 to 25% (455.8401) in 

2008 These show that increase population have brought  up development with 



 

 

International Journal of Environmental Design & Construction Management  

                   Published by Cambridge Research and Publications 

 

                                                                  IJECM ISSN-2325-1884(Print) 

 

 

145 

Vol. 18 No. 4 

March, 2020. 

expansion of towns and the village in the study area. There is also increment of 

water body from 0.6% (11.4039) in 1998 to 15% (0.859729) the sand bar had also 

decrease from 0.7% (13.1337 to 0.2%(3.9888) . 

 
Figure 3.3: Classified 2008 LULC of the study area generated from Landsat 7 

Analysis of 2018 LULC Imagery of the Study Area 

The land use and land cover map for 2018 is presented in figure 4.4. it shows that 

the vegetation has  reduced from 32% (597.0906) in  1988 to 29% (530.6067) in 

2018 the farmland had also decrease from 36% (652.6008) in 1988 to 31% ( 

570.3192) in 2018 . The forest area has drastically reduced from 16% (301.0014) 

in 1988 to 9% (158.6844) in 2018.This implies that  vegetation has reduced as a 

result of agriculture activities  taken place in the area. The drastic reduction of 

forest area was as a result have of  deforestation which implies cutting of tree for 

fuel wood, charcoal production,  timber production and clearance of land for crop 

cultivation and also for grazing on farm land which is taken place in the study area. 

 The build-up area has been on the increase from 13% (240.93 in 1988 to 29% 

(536.5422) in 2018.The Southern East part of the study are have development as a 

result of expansion in towns such as Bida, Muregi, Doko, Gaba, Edozhigi, Badeggi 

and other surrounding villages due to increase in the influx of people. Many people 

in the village are subsistence civil servant and farmers. Table 4.1 shows the 

distribution of LU LC in Bida and environment. (1988-2018)   
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Figure 3.4 Classified 2018 LULC of the study area generated from Landsat 8 

In addition, table 4.1 shows the statistics of land use and land cover distribution of 

the study area including their percentages. 

 

Table 3.1LULC Distribution of the study areas (1988, 1998, 2008 and 2018) 

LULC 1988 1998 2008 2018 

Land Cover 

Category 

Area 

(Sqkm) 

Area 

covered 

(%) 

Area 

(Sqkm) 

Area 

covered 

(%) 

Area 

(Sqkm) 

Area 

covered 

(%) 

Area 

(Sqkm) 

Area 

covered 

(%) 

Build up 240.93 13.27 335.5929 18.49 455.8401 25.01 536.5422 29.55 

Forest 301.0014 16.57 283.9887 15.65 205.0443 11.29 158.6844 8.74 

Vegetation 597.0906 32.88 596.3679 32.87 840.9042 46.0 530.6067 29.22 

Agricultural 

Land 

652.6008 35.93 573.7977 31.63 294.669 16.23 570.3192 31.41 

Water body 11.4039 0.63 11.4021 0.63 15.6132 0.0.86 15.7689 0.87 

Sand bar 13.1337 0.72 13.1337 0.71 3.9888 0.22 3.9834 0.21 

Total  1816.1604 100 1816.1604 100 1816.1604 100

  

1816.1604 100 

 

Examination of the trend in land use and land cover change of the Study area 

The trend in land use and land cover for the years under study is presented figure 

4.5. it  shows the changes that have occurred among the various land use and land 

cover classes over time across the study area. From figure 4.5, it can be seen that 

built up areas lands was on the increase throughout the study period as a result of 
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conversion of other land use to settlement area as revealed on figure 4.5. This may 

be attributed to influx of people to the area for one socio – economic activities or 

the other. 

On the other hand forest, vegetation and agricultural land are on a continuous 

decline except for some years where there was some variation most especially 

vegetation, an indication of human activities on the area while water body and sand 

bar remains relatively stable  on the area. 

 

 
Figure 3.5: Land Use and Land Cover comparism chart among the various 

classes 

 

Trend Analysis of Forest decline in the Study Area 

The period of 1988 - 1998 covering 10 years, forest decrease by(-0.92%). Also, the 

period between 1998 – 2008 forest decrease by (-4.36%). Similarly, from 2008 -

2018 covering 10 years, forest decrease further by (-2.55%) and finally between 

2018 and 2038 forest areas will decrease by (-1.38%) (Figure 4.6). this is an 

indication of continuous land use conversion mainly from forest to other land use 

like farming, residential, commercial and other activities. 

 
Figure 3.6: Trend Analysis of Forest decline 
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Examination of the effect of charcoal production on the land cover  

The effects of charcoal production on the land cover of the study area was analyzed 

using the NDVI algorithm showing density slice of areas with high and low 

vegetation cover. In addition, oral interview was carried out during field work to 

see the effects. 

 

Normalized Difference Vegetation Index of the Study Area for 1988, 1998, 

2008 and 2018 

The NDVI maps show the various degree of vegetation concentration across the 

study areas. Fig. 4.7-4.10indicates NDVI for the year 1988, 1998, 2008 and 

2018.The results reveal that in 1988 NDVI value ranges between -0.59 and 0.95. 

The value of -0.31 is found on the south, western and north eastern section of the 

map where there is built up areas, bare surface as well as paved surfaces. 

 
Figure 4.7: 1988 NDVI Map of the Study Area 

Similarly, in1998the value ranges from -0.54 and 0.97 (Figure 4.8). This changes 

can be attributed to continuous human activities in the area such as deforestation 

for charcoal production on the area. The red and yellow colour indicates the areas 

where changes have taken place more. 
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Figure 4.8: 1998 NDVI Map of the Study Area 

 

Also in 2008 the value ranges from 0.56 and 0.99. These changes between the years 

can be attributed to the increase human activities in the area as indicated at the 

extreme north western section of the map, center as well as the north eastern section 

as indicated on  in Fig. 4.9 

 
Figure 4.9: 2008 NDVI Map of the Study Area 
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In addition, the NDVI map 2018fiq. 4.10 indicates that the value range from -0.08 

and 1. this changes between the years can be attributed to the increase in human 

activities in the area such as deforestation, built up expansion, construction and 

other human developmental activities in the area  which have resulted to decreased 

vegetation cover in the study areas as seen in Bida and other towns. This is found   

at the north, western, southern section of the map Fig. 4.10 

 

 
Figure 4.10: 2018 NDVI Map of the Study Area 

 

Effects of charcoal production on the land covers of the study areas 

Charcoal production process contributes in various environmental problems such 

as; 

i Deforestation 

ii Greenhouse gas emission 

iii Soil Impact 

iv Ecosystem 

Deforestation: Deforestation is clearing up of forest areas and converting them to 

other purposes like Agriculture, Urbanization and wood-fuel which includes 

charcoal production. This charcoal production contributes highly to deforestation 
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for the main source of charcoal production is trees and to produce charcoal trees 

most be cut down. About 31% of the world land surface is covered by forest, while 

in Nigeria it falls gradually from 16.6% in 1996 to 7.7% in 2015, According to 

Food and Agricultural Organization of United Nation as of 2005 Nigeria has 

highest deforestation rate in the world at 12.2% equivalent of 11,089,000 hectares 

had been deforested and between (2000 to 2005). 

The number one major problem caused by deforestation is the impact on the global 

carbon cycle, when these trees are been cut down those carbon they supposed to 

absorb as food through photosynthesis process will be trapped in the atmosphere 

and this contributes to the increases on carbon dioxide accumulated in the 

atmosphere. 

However, not only that these trees act as carbon dioxide mitigation but cutting them 

down also increases carbon dioxide emission through carbon cycle process. they 

are carbon bank and play very important role in climate control, climate mitigation 

and effects of global warming. Trees lowers temperature through transpiration of 

water and shading of surface and also reduces heat sink while carbon dioxide 

makes trees healthier which in turn serve as climate change mitigation which are 

major causes of global warming  

Greenhouse gas emission: This charcoal production process takes place in a poor 

oxygen environment which results in formation of incomplete combustion 

products like methane, also produces emission of greenhouse gas such as carbon 

dioxide CO2 and Methane CH4 and with some elements of carbon monoxide but 

it is not record by (IPCC, 2004) as greenhouse gas. Emission from charcoal 

production in tropical region was estimated at 71.2million t for carbon and 

1.3million t for methane in 2009. 

Also in march 2015, for the first time in million years carbon dioxide concentration 

exceeded 400ppm. According to NASA scientist on 12th, November 2015, 

reported of continuous increase of human made carbon dioxide above level not 

seen in hundred years and also that it is not been absorbed by vegetation and ocean 

which makes it to remain in the atmosphere causing climate change with global 

warming as the impact. All this should have been absorbed by tree if they are 

enough since it’s their own food. All this high carbon dioxide emissions and 

methane emissions contributes to global warming that forces extreme weather 

condition like: Temperature rise, Drought and heat waves, High rainfall, Rise on 

sea level, Melting of ice. 

Soil Impact: Charcoal production impact on the soil happens in two different 

stage, the impact on the production pit where the combustion or burning process 
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takes place due to amount of heat generated as the result of the covering process 

and the second impact is within the surrounding of the production pit. But there is 

more impact on the first stage then the second. Some studies on the impact of 

charcoal production to soil like Ogundele A.T (2011) in Oyo, Nigeria observed that 

soil under charcoal production has a slight increase in PH compare with the control 

site which had not been subjected to charcoal production. This was as result of the 

ashes generated during this production process which contribute to the PH rise. 

Other studies like Oguntundeet al. (2008) observed that soils under that charcoal 

hole had a reduced bulk intensity and surface albedo, higher porosity and soil 

surface temperature and higher infiltration rate than the adjacent field soils. 

Ecosystem: Impact on ecosystem comprises the deforestation impact like loss of 

bio-diversity and millions species of habitat's endangering of plants and animals 

also depletion forest reserves meant for the purpose of protecting environment 

which serves as shield from direct impact of downpour of rain, high temperature 

and wind that will result of erosion, flood and other environmental instability. 

About 80% of earth land animals and plants home is forest and charcoal production 

which contributes highly to deforestation in Nigeria has a grievous impact to their 

home which is forest. Another impact on our ecosystem the greenhouse gas release 

during the production process and the carbon dioxide in particular released from 

dead vegetation that decomposes in the ground as a result of tree cutting and other 

vegetation damage during this process. 

Some of the major factors contributing to the increase in charcoal production in the 

study area are: 

i Poverty 

ii Lack of basic amenities 

iii Awareness 

iv Lack of policies and enforcement 

 

Projected 2038 Landuse and Land cover Analysis of the study Area 

The projected land use land cover map for the year 2038is presented on figure 4.4. 

it shows continuous increase in the built-up areas from 29% (536.5422) in 2018 

to806.8257 (Km2) representing (44.43%) in(2038 of the land use class category, 

Indicate an increment of (15.43%). The projection of LULC in the year 2038 

clearly shows that the study areas will increase rapidly due to the high population 

growth at the expense of other LULC classes. These increase in population with 

rapid settlement growth encroaching into vegetation and agricultural land making 

the area vulnerable to the risks of climate change and flood in the future. Also with 
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the completion of the road from Bida to Nupeko ferry river port, which makes it 

more closer to Kwara state especially Lafiagi. this will put further pressure on the 

available agricultural land because of the influx of people from different country 

thereby boosting the socio-economic activities of the people in the area. 

In addition, Agricultural land will also be affected because of increased in built up 

area and developmental activities in the area. Agricultural land will reduce from 

31% (570.3192) (Km2) in 2018 to 332.3619 (Km2) (18.30%) in 2038.  Furthermore, 

the future land use map will see vegetation cover also continue to decrease from 

29% (530.6067) (Km2) in 2018 to 523.2609 (Km2) (28.82%) in 2038 as a result of 

deforestation. The sand bar will remain relatively stable at  (0.22%) in 2037 while 

water body will increased to 0.88 % in 2038. This result agrees with the work of 

Khawaldah, (2016) that future land use and land will witness increase in influx of 

people and activities transform the landscape form one land use other land use 

category 

The implication of this result is that there will be increase in temperature due to 

cutting down of forest trees, vegetation and other vegetal cover that influences the 

micro climate of the area. Also, there will be shortage of land for agricultural 

production which will result to high cost of food; there is possibility of heat related 

illness as a result of increased temperature. 

 
Fiqure 3.11: Projected 2038 Land use/Landcover Map of the study area 
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Conclusion 

This research work has demonstrated the ability of geospatial techniques in the 

analysis of urbanization and its effect on charcoal production in the study area. The 

results obtained from this study revealed that there has been a continuous increase 

in build-up areas throughout the study period from 13% (240.93 in 1988 to 29% 

(536.5422) in 2018 and will increase further to 806.8257 (Km2) representing 

(44.43%) in 2038. From the analyses and discussions, the study therefore 

concluded that increased charcoal production and use constitutes a serious setback 

to transitioning to a green economy in the study area. This is especially so as 

charcoal production and use in the study area alone will contribute to the depletion 

of both forest and farm. The forest area has drastically reduced from 16% 

(301.0014) in 1988 to 9% (158.6844) in 2018and vegetation reduce from from 32% 

(597.0906) in the 1988 to 29% (530.6067) in 2018. With continuous depletion of 

the forest cover, it will be very difficult, if not impossible for the study area to 

attain sustainability and reduce the impact of climate change on the study areas. 

Currently charcoal production in tropical countries of the world especially Nigeria, 

Niger State and the study area in particular largely depends on natural forests in 

which natural regeneration is the main source of forest recovery. This general 

pattern of almost complete dependence on natural forests for charcoal production 

and the perceived unsustainable harvesting and poor post-harvest forest 

management, are the primary reasons why there is widespread concern about the 

environmental impacts of charcoal production.  

 

Recommendations 

a) Solution to challenges posed by charcoal production in Nigeria depends on 

policy and resilience, awareness, prudent forest management and getting 

involve the private sectors, combined with proactive actions and policies.  

b) Nigeria leader’s current and future have all failed to address the 

infrastructural and basic amenities problems also prioritizing of educating 

the young generations’ dangers posed by this maniac going on in all the 

major forest reserves.  

c) The poor are most vulnerable to environmental hazards and owing to 

unequal distribution of assets in the country, will also suffer most from the 

effects generated by this charcoal production, increase in temperature, 

Flood and other forms of degradation effects.  

d) Increasing the opportunity on the basic amenities for the vulnerable is the 

only way to sustain overall growth and reduce disparity. Disparity on basic 
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amenities like kerosene, cooking gas and electricity most be reduced 

drastically so that even if the laws is been enforced, poor people will have 

alternatives and see reason to keep to the rules and regulations.  

e) This charcoal producers should be engaged by creating an enabling 

environment, educating them the advantages of tree planting which will 

preserve their business and clearing that notion that trees will never finish 

because it will grow on their own while government should facilitate, 

support and make those basic amenities easy to access also leverage the 

strength of the stakeholders to create policies with significant outreach at 

maximum efficient with less burden on the public resources.  

f) Public sectors, NGO, global partnerships, research and academics 

communities should engage in discovering and educating the host 

communities the best species of trees and best way of planting them. 

g) Government and citizens will benefit if there is a well-articulated forestry 

policies programs significantly that will reduce the amount of trees cut as a 

result of charcoal business through a robust afforestation program also 

improve in the supply of affordable basic amenities thereby making life 

unproblematic to the citizenry. 
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