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Abstract 
Deforestation is the permanent destruction of forests in 

order to make the land available for other uses. An 

estimated 18 million acres (7.3 million hectares) of forest 

are lost each year and about half of the world's tropical 

forests have been cleared according to the United Nations' 

Food and Agriculture Organization (2013). Forests 

currently cover about 30 percent of the world`s land mass 

(National Geographic). Forest loss contributes between 12 

percent and 17 percent of annual global greenhouse gas 

emissions (World Resources Institute 2011). Deforestation 

is considered one of the contributing factors to global 

climate change, Trees absorb greenhouse gases and carbon 

emissions. They produce oxygen and perpetuate the water 

cycle by releasing water vapor into the atmosphere. Without 

trees, forest lands can quickly become barren land. 

Deforestation has become a major environmental issue in 

the world today especially in sub Saharan Africa where 

forest wood is worth more to people when it is dead than 

when it is alive. Thus, the forest estate is constantly depleted 

for use as fuel wood, paper wood and for the charcoal 

industry and clear for urbanization. Nigeria has the world's 

highest deforestation rate of primary forests according 

to revised deforestation figures from the Food and 

Agriculture Organization (FAO) of the United Nations. 

Between 2000 and 2005 the country lost 55.7 percent of 

its primary forests as a result of logging, subsistence 
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agriculture, and the collection of fuel wood (FAO, 2008). 

That our Climate is changing is no longer NEWS, that 

greenhouse gases and Co2 are responsible is also not 

NEWS. However, rather than explaining greenhouse gases 

and Co2 to our farmers and local population, this research 

intends to educate them on how their local actions such as 

deforestation and bush burning are modifying the climate. 

Changes in forest cover extent will be studied for 35 

years with a 10year time step using satellite images 

obtained from United States Geological Survey archive 

and ArcGIS 10.2 image analyst software, while climatic 

parameters for the study area (Rainfall and 

temperature) will also be analyzed using trendline 

equation for the same period. The results of the forest 

cover change will be regressed to determine the 

relationship between forest cover change and climatic 

parameters.  

 

Introduction 

Forests is of great importance to the environment, it provides us with the basic 

necessities, serves as habitats for a variety of species, helps control and moderate 

climate, prevent soil erosion and flooding, despite all of the benefits obtained from 

forest ecosystems, the clearing of forests (deforestation) brought about by human 

activities have been a major contributor to the continuous decline of the forests. 

Deforestation is clearing Earth's forests on a massive scale, often resulting in damage 

to the quality of the land. Glenn et al, (2011) reporting (Dove 1993) indicated that 

poverty draws people to exploit the products of the tropical forest, clearing and 

exploiting it for immediate gains. Dolisca et al. (2007b), and Ehrhardt-Martinez 

(1998), explained that pressures brought about by land tenure system and the growing 

population sizes are some of the identified causal factors of deforestation. According 

to Geist and Lambin (2002), demographic, institutional, cultural factors, economic and 

technological policy all contribute to the underlying driving forces of deforestation.  

Deforestation comes in many forms, including fires and clear-cutting for agriculture 

which is the biggest driver of deforestation (WWF 2013). This corroborates Global 

Forest Fund (2002) that deforestation comes as a direct consequence of the following; 

shifting cultivation, logging, grazing, fuel wood use and urbanization. The World 

Resources Institute (2005) explained that over 11 million hectares of tropical forest 

are cleared yearly and it is estimated that at least 225 million hectares of tropical forests 

was cleared by the year 2000. Shifting cultivation is by far the most important cause 
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and it accounts for about 70% of the total deforestation in the Africa region. Farmers 

cut forests to provide more room for planting crops or grazing livestock, and ranching 

other human activities such as urbanization, unsustainable logging for timber, and 

degradation due to climate change etc., all this impacts people’s livelihoods and 

threatens a wide range of plant and animal species as 46-58 million square miles of 

forest are lost each year equivalent to 36 football fields every minute (WWF 2013), 

While deforestation appears to be on the decline in some countries, it remains 

disturbingly high in others including Brazil, Sri-Lanka and Nigeria and it is a grave 

threat to our world’s most valuable forests. Deforestation in Brazil is particularly 

rampant near more populated areas, roads and rivers, but even remote areas have been 

encroached upon when valuable mahogany, gold and oil are discovered (WWF 2012). 

Analysis of the FAO (2008) report shows that developing countries in the tropics 

generally suffer the worst rates of forest loss between 2000 and 2005, and 10 countries 

with the highest deforestation rate during that period, were all considered "developing" 

and nine were tropical countries. Amidst these countries, Nigeria has the world's 

highest deforestation rate of primary forests according to revised deforestation 

figures. It is stated that between 2000 and 2005 the country lost 55.7 percent of 

its primary forests, that lost is largely attributed to logging, subsistence 

agriculture, and the collection of fuel wood (FAO, 2008). 

In Nigeria, as in other tropical countries, the rate of deforestation has accelerated in 

recent years. Although reliable estimates are not available, it has been put at 

approximately 285,000ha annually. At this rate of deforestation, 50% of the country’s 

relatively small forest land area of just 10% of the total land area would be eliminated 

by the year 2015 (Aruofor, 2006). The high rate of changes witnessed in the study area 

in terms of landuse/ land cover change from forested land to build up area is alarming 

and calls for caution, hence the need for this study.to assess the rate of deforestation 

in Ilorin Kwara State of Nigeria and its implication on the changing climate. Its 

specific objectives are to illustrate and quantify the changes in estate, land surface 

temperature and other relevant climatic parameters.  

 

The Study Area 

The city of Ilorin is located between Longitude 4030’and 5005` and latitude 80 10’ and 

80 45` with total land area of 765km2. It is situated in state of Kwara (North central 

zone of the Federal Republic of Nigeria), and shares boundary with Moro Local 

Government Area (LGA) to the North, Ifelodun to the East and Asa LGA to the west. 

Geologically, Ilorin city is characterized by old Precambrian basement complex. 

Accordingly, Oyegun (1983), and Jimoh (1999), asserted that while the northern parts 

of Ilorin characterized by basement complex, its southern part witnessed sedimentary 

rock of alluvial formation. The Western part of Ilorin city has an elevation of about 

275 meters 330 meters above sea level with Sobi hills as an isolated hill measuring 

about 390 meters above sea level (Aster DEM, 2014). The Asa River is the 

predominating river which flows North-South direction dividing the ancient city into 

eastern as western parts. The Asa River tributaries includes Agba River, Aluko River, 
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Alalubusa River, Atikekere River, Amule River, Osere River and Okun River. 

(Oyegun 1983). 

Ilorin experiences humid tropical climate characterized by wet and dry seasons (Ilorin 

atlas 1981). The wet season commences towards the ending of March and ends in 

October. The dry season starts in November and spans to February. In Ilorin dry season 

is characterized by dusty wind from the northern part of Nigeria referred to as the 

Harmattan and hot temperature which extend from November to March. The wet 

season is characterized by high humidity extending from April through November 

with extremely high temperatures that is usually experienced between February and 

April. These high temperatures often exceed 30oC.  

Olaniran, (2002) submitted that the mean annual total rainfall in Ilorin is 1200mm. 

The climate of Ilorin supports the growing of tall grass vegetation dotted with medium-

sized trees. Ilorin is located in the transition zone between the deciduous rainforest of 

the southwest and savannah grassland of the North. The vegetation in Ilorin is 

composed of plant species such as locust bean trees, shear butter trees, acacia trees, 

baobab trees, elephant grasses, shrubs and plants among others.  Areas under effective 

cover of vegetation in Ilorin are protected from the impacts of raindrops while bare 

surfaces such as football (soccer) fields, unpaved roads, ploughed lands, among others 

encourage runoff, sheet and gully erosion (Jimoh, 2000). The soil in Ilorin is formed 

under the grassland savannah cover and belong to the soil group called Ferruginous 

soil. This is an ideal soil for growing crops such as yam, cassava, and maize, among 

others. This type of soil yields readily to the agents of denudation when exposed and 

not protected by vegetation cover. 

 
Fig 1:Map of Ilorin Metropolis (Source: Digitized from Spot 5 Image, 2014) 
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Fig 2: Map of Kwara State showing Ilorin LGAs.  

 

Material and Methods 

i. Derive landuse/land cover images of Ilorin for 40 years (1972-2014); 

ii. Estimate changes in land surface temperature for the study period; 

iii. Analyze changes in vegetation structure using Normalized Differenced 

Vegetation Index(NDVI); 

iv. Analyze the trend of climatic variables (Rainfall and Temperature) for the 

study period; 

v. Prepare a change map showing an overlay of the changes in forest estate, 

land surface temperature and other climatic parameters. 

 

Multi-temporal satellite imageries (Landsat MSS 1972, TM 1984 and 1998, of 30m 

spatial resolution respectively; Spot 5 multispectral 2005 with 10m spatial resolution, 

and Landsat OLI/TIRS 2014 of 15m resolution) was obtained and analyzed using 

ArcGIS 10.2 and Erdas Imagine 2014. All of the images were enhanced, resampled, 

georeferenced and classified in order to assess the land use/cover change in the study 

area for the study period (1972-2014). Because the input raster data are in different 

sizes, re-sampling will be carried out on the images to equalize the spatial resolution 

of the datasets. The procedure involves automatic adjustment of one or more raster 

datasets to ensure that the spatial resolution of all datasets adequate for accurate spatial 

operations. This is necessary to balance the difference in spatial resolution of the 

images in use.  
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The images were classified using the supervised classification techniques so as to 

extract the land use classes of the study area for the study period. The forest class was 

then extracted from all the images using the arithmetic operation in ArcGIS and 

overlaid with built-up area to produce the rate of deforestation in the study area. Land 

surface temperature for some years was estimated for the study area and the following 

model, adopted from the USGS climate and land use model, was used. Below are the 

methods of estimating surface temperature from Landsat images. 

i. Conversion of the Digital Number (DN) to Spectral Radiance (Lλ) 

The spectral radiance (Lλ) is calculated using the following equation (USGS, 

2001): 

  
Where,  

QCALMAX = 255 and QCAL = Digital Numbers embedded in the image.  

The LMINλ and LMAXλ are the spectral radiances for band 6 at digital 

numbers 1 and 255 respectively. 

ii.  Conversion of the Spectral Radiance to Temperature 

The ETM+ thermal band data can be converted from spectral radiance to 

temperature, which assumes surface emissivity = 1 (USGS, 2001): 

T = K2 / ln (K1 / Lλ + 1) 

Where, 

T = Actual (kinetic) at-satellite temperature in Kelvin 

K1 = Calibration constant 1 (watts/meter squared*ster*µm) (666.09) 

K2 = Calibration 2 (Kelvin) (1282.71) 

Lλ = Spectral radiance (watts/meter squared*ster*µm) 

 
Fig 3: GIS Model builder showing flowchart of extraction of surface temperature 

values from the band 5 & 6 Landsat images 
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Results 

Table 2: Land use/land cover change (1972-2014) 

  1972 1984 1991 1998 2005 2014.00 

Land use 

class 

A % A % A % A % A % A % 

Grasslands/

Shrubs 

193.

63 

71.0

4 

60.8

0 

22.3

9 

129.

47 

47.6

9 

180.

60 

66.5

1 

112.8

6 

41.5

6 

88.3

0 

32.5

3 

Forested 

Areas 

35.0

7 

12.8

7 

148.

47 

54.6

9 

68.1

0 

25.0

8 

11.51 4.24 50.9

0 

18.7

5 

36.8

4 

13.5

7 

Built-up 

Areas 

5.47 2.01 24.6

6 

9.08 62.2

2 

22.9

2 

72.6

7 

26.7

6 

80.1

0 

29.5

0 

139.

00 

51.2

0 

Bare 

Surfaces 

36.9

9 

13.5

7 

35.7

0 

13.15 9.74 3.59 4.49 1.65 25.5

2 

9.40 4.98 1.83 

Water Body 1.38 0.51 1.87 0.69 1.96 0.72 2.27 0.84 2.15 0.79 2.37 0.87 

  272.

54 

100.

00 

271.

50 

100.

00 

271.

49 

100.

00 

271.

54 

100.

00 

271.

53 

100.

00 

271.

49 

100.

00 

A= Area Km2 

 

 

 
Fig 4: Figures A – F Showing Change in Forested Areas between 1972 – 2014 
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Fig 5: Forested Areas in Percentage   

 

 
Fig 6: Forest Overlay in Years 

1972-1984 1984-1991 1991-1998 1998-2005 2005-2014

Forested Areas 41.82 -29.60620318 -20.84501064 14.50684045 -5.175626634
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Climatic Analysis 

A. Rainfall 

 
Fig 7: Mean Annual Rainfall for Ilorin 1979-2012 

 

Trend Analysis of Rainfall: Trend line equation =Yt = 110.94 -0.86339*t 

Mean annual rainfall was plotted for a trend line analysis for 35 years and results show 

a decline in rainfall amount over the study period. The trend line explains a reduction 

of -0.86mm of rain for every 110.94mm recorded and it is predicted to continue its 

decline in the coming years. 

 

 
Fig 8: Trend Line chart for Rainfall 

 

B. Temperature 

Trend line equation Yt = 27.798 +0.036143*t 

Time series analysis was carried out on temperature (Mean annual) for the study area 

for a period of 35 years and the trend line equation shows an expected rise of +0.040C 

for every 27.7980C recorded in the study area. 
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Fig 8: Mean Annual Temperature of Ilorin between 1979-2013 

 

Summation:  

Temperature is on the increase, rainfall is on the decrease and forest resources are on 

the decline 

 
Fig 9: Actual and Predicted  

 

C. Land Surface Temperature (LST) 

Land surface temperature is simply a variant of the atmospheric temperature. It is the 

temperature radiated from the earth surface outward and is influenced mainly by land 

use types. LST is gradually rising in all cities in the world due to increasing levels of 

land use change and conversion especially in urban centres. In Ilorin, analysis on LST 

was carried out for some years (1984, 1991, 1998 and 2014) to corroborate the rise in 

temperature across the city and results show a flux of temperature between 1984 and 

2014. However, built up areas exhibited higher temperature (an average of 310c) while 

forest lands had between 250c and 290c (see figure below). Thus the more the 

conversion of forested areas and vegetated surfaces to build up areas and bare surface, 

the higher the rate of increase in land surface temperature. 
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Fig 10: Images showing Land Surface Temperature for selected years 

 

Conclusion: 

Urbanization and industrialization are the world main factors for the fast rate of 

deforestation experienced globally and Ilorin is not left out of this scenario. This 

research has shown the rate of changes in land use in Ilorin from between 1972 to 2014 

by assessing the rate of forest depletion in the study area. The results show that forest 

have given way to built-up areas, and grassland in most areas and this is substantiated 

by the analysis of land surface temperature which shows an increase in urban land 

surface temperature due to reduction of area extent to forested areas and grasslands.  

The time series analysis carried out on the climatic variables in Ilorin also shows an 

increase in temperature as well as a corresponding decline in rainfall amount in the 

study area lending credence to the fact that over exploitation of forest resources in the 

study area without recourse to reforesting is leading to an all-round change in the 

climate pattern. Also land surface temperature and atmospheric temperature are on the 

rise and rainfall is on the decline with rain days reduced drastically and the climatic 

calendar being now altered almost on a yearly basis.  
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Appendix 1: 

Variable Rain 

Included Observation 35 

Linear Trend Equation Yt = 110.94 -0.86339*t 

R 0.399828 

R-Squared 0.159863 

R-Square Adjusted 0.992896 

Sum Square Error (SSE) 13985.807195 

Mean Squared Error (MSE) 423.812339 

 

Variable Temperature 

Included Observation 35 

Linear Trend Equation Yt = 27.798 +0.036143*t 

R 0.550841 

R-Squared 0.303425 

R-Square Adjusted 0.787111 

Sum Square Error (SSE) 10.706041 

Mean Squared Error (MSE) 0.324425 
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