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Abstract 
This research focused on assessing the effect of vegetation change on air 

temperature in the Savannah region of Ondo State Nigeria between year 

1990 and 2020. The dataset used were Landsat 5 of 1990, Landsat 7 of 

2000, Landsat 8 of 2014 and 2020; Worldview 3 of 2020; Administrative 

map of Ondo State; Savannah region boundary shape files; GNSS ground 

coordinates. The Landsat images were processed to extract and combine 

three selected bands 5,4,3 into a composite of red, green, and blue (RGB). 

The image was pan-sharpened with the panchromatic band to aid its 

interpretation. The bands were then used to calculate vegetation Index and 

air temperatures (TAIR). A decrease in the extent of vegetation between year 

1990, 2000 and 2014 met a corresponding increase in the minimum, mean 

and maximum values of TAIR respectively, while an increase in vegetation 

between the years 2014 and 2020 led to an increase in the minimum and 

mean value of TAIR but a decrease in the maximum value of TAIR. The results 

showed that increased or decreased vegetation is not the only determinant 

factor for the increase or decrease in the air temperature (TAIR). The results 

of future prediction of TAIR show that minimum, mean and maximum air 

temperature (TAIR) will increase to 22.81°C, 29.52°C, and 32.45°C in the 

year 2030 compared to year 2020 hence TAIR values will increase; and that 
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vegetation cover will decline to 70.8% coverage thus concluding that the 

gradual decline in vegetation might also expose the Savannah region of 

Ondo State to hotter land and air surface in the year 2030. The research 

recommended a proactive decision and policy such as reafforestation and 

green revolution of various stake holders in the study area for a viable 

sustainable development. 

 

Keywords: Air Temperature, Images, Resolution, Savannah Region, 

Vegetation 

 

 

Introduction 
The vegetation is a main component 

of an ecosystem that displays the 

effects of environmental conditions in 

an obvious and easily measurable 

manner. Information on the vegetation 

type is a key input in characterizing 

landscape structurally and 

functionally (Sala et al., 2000). 

Vegetation is a primary resource of 

natural areas, and description of 

vegetation composition, structure, and 

distribution is fundamental to 

effective land management. 

Vegetation serves several functions in 

the biosphere such as: Regulation of 

the flow of numerous bio-

geochemical cycles, most critically 

those of water, carbon and nitrogen, 

which is of great importance in local 

and global energy balances; Serving 

as sources of fossil fuels as an energy 

source, also in the production of 

wood, fuel and other materials; 

serving as wildlife habitat and the 

energy source for the vast array of 

animal species on the planet (Keeler-

Wolf, 2007); Vegetation serves as 

wildlife habitat and the energy source 

for the vast array of animal species on 

the planet. Vegetation is also critically 

important to the world economy, 

particularly in the use of fossil fuels as 

an energy source, but also in the global 

production of food, wood, fuel and 

other materials. Perhaps most 

importantly, and often overlooked, 

global vegetation (including algal 

communities) has been the primary 

source of oxygen in the atmosphere, 

enabling the aerobic metabolism 

systems to evolve and persist. Lastly, 

vegetation is psychologically 

important to humans, who evolved in 

direct contact with, and dependence 

on, vegetation, for food, shelter, and 

medicines (McGill, 2007); Vegetation 
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helps to slow water movement, reducing soil erosion, which leads to less 

pollutants getting into our waterways (Schira, 2016). 

Information on the distribution of vegetation types is a key input in planning for 

food security, wildlife habitats, sustainable natural resource management, agro-

forestry and biodiversity conservation. (Myers et al., 2000; Roy et al., 2012). 

Vegetation maps has many applications for resource managers including: 

Wildlife management (An understanding of where certain plant communities 

are occurring allows for a better idea of where different animals are likely to be 

found. It provides information relating to available habitat and food resources 

for those animals, which in turn allows wildlife managers to better assess how 

a species is faring and what the population numbers of those species should be); 

Fire management (Comparing the new vegetation map with the old map in order 

to detect areas where severe fires can occur, especially where vegetation has 

been transformed into fuels (dead and down woody debris and flammable 

vegetation) map so that fire crews can model more accurately how a fire will 

behave in certain areas. This is important for fighting wildfires as well as for 

managing prescribed burns within the park); Analysing vegetation (The 

vegetation map is an important tool for understanding the extent and pattern of 

old growth forests, predicting rare plant habitat, modelling the spread of 

invasive species, and modelling how vegetation might change under various 

climate change scenarios) etc. (Yosemite National Park, 2015). 

Savannah regions are habitats which sustain lots of plants and animals ranging 

from birds to insects, mammals to reptiles etc., and also play a crucial role 

regulating the global climate (Evarts, 2017). 

According to the National Aeronautical Space Agency, NASA (2020), 

vegetation influence how hot the surface of land can become. In areas where 

vegetation is dense, the land surface temperature never rises above 35°C and 

the hottest land surface temperatures on earth are in plant-free desert 

landscapes. NASA (2015) stated that trees, grasses, and other vegetation 

naturally cool the air as a by-product of photosynthesis. They release water back 

into to the atmosphere in a process called evapotranspiration, which cools the 

local surface temperature. Bhattacharyya (2011) also described another factor 

that affects air temperature, which is elevation, as it was explained that solar 

radiation heats up the ground surface, on which the troposphere heats up 

through conduction and convection. Different researchers have applied remote 
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sensing techniques to map the effect of vegetation on air and land temperature 

for the preservation of environment (Rushayati et al., 2018) 

Over time, human activities such as urban expansion, farming, large-scale 

illegal logging, industrialisation, etc., have led to massive destruction of 

vegetation cover and the unique wildlife in the Savannah region of Ondo state, 

thereby, depleting the vegetation cover and exposing these areas to a higher 

temperature (land surface and air). Thus, this research assessed the extent of the 

reduction of vegetation areas in relation to the Air temperature (TAIR) in the 

study area using Remote Sensing (RS) and Geographic Information System 

(GIS) technique 

 

The Study Area 

The study area is the Savannah region in the Northern part of Ondo State Nigeria 

(Figure 1), comprising Akoko North West , Akoko North East, Akoko South 

East, Akoko South West, Owo and Ose local government areas; with projected 

populations of 286000, 241700, 111300, 308300, 300000, and 194600 

respectively (City Population, 2020), a total areal extent of 4130.5 km2, situated 

within approximate latitudes and longitudes (7°45'N, 5°46'E), (7°45'N, 5°56'E), 

(6°42'N, 5°35'E), and (7°14'N, 5°24'E). It has annual rainfall ranging 800 - 

1500mm and a mean annual temperature of 280C - 350C and an elevation 

ranging from 86m – 208m 

(Ige, 2011) 

 
Figure 1: Map of the study area: Nigeria-Ondo State-Savannah Region 
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Material and Methods 

The data acquired for this research were collected from primary and secondary 

sources of data. The primary data collected were the field coordinates of ground 

points with a Global Navigation Satellite System (GNSS) recievers for 

georeferencing that satellite images while the secondary data obtained were; 

Ondo state administrative map, the boundary shape file of the study area, 

satellite images covering the study area: worldview-3 of 1.24m, Landsat 5 

Thematic Mapper (TM) of year 1990), Landsat 7 Enhanced Thematic Mapper 

(ETM) of year 2000 and LANDSAT 8 [Operational Land Imager (OLI)/ 

Thermal Infrared Sensor (TIRS)] of year 2014 and 2020. The Landsat data 

(OLI/TIRS, ETM and TM) covering the study area were used for mapping the 

vegetation classes and also to estimate the Air Temperature (TAIR). The 

boundary shape file of the study areas shows the extent of the Savannah region 

in Ondo State. Coordinate of points from the Worldview 3 image were used to 

georeference the satellite images and to acquire vegetation classes which were 

used for assessing the accuracy of the results obtained. The vegetation changes 

in the study area were mapped using the Digital Image Processing (DIP) 

method, and a supervised classification method of DIP was used for mapping 

the land cover types of the study area. The land cover types were categorized 

into vegetation classes such as; Non vegetation (Bare land, and built 

environment), low vegetation (Grassland), moderate vegetation (Shrub), and 

high vegetation (Forest). Landsat images (OLI, ETM and TM) were all 

downloaded from the United States Geological Survey 

(USGS). These images were downloaded as zipped files, containing different 

bands). The various bands of Landsat images were extracted using WinRAR 

software. Three selected bands 5,3,4 were combined to display red, green, and 

blue (RGB) were used to create a composite. This was carried out in the ArcGIS 

5.0 software using the “Composite Band” tool in the image analysis 

environment. Image enhancement was carried out using panchromatic band 

(15m spatial resolution) to enhance the 30m resolution composite bands. This 

increased the composite image to 15m resolution, which aided the interpretation 

of the output image. Image enhancement was carried out using the “Pan 

sharpening” tool in the ArcGIS 5.0 software environment. The study area falls 

within two Landsat scenes which are 190 / 55 ad 189 / 055, so image mosaicking 

(Figure 3.5) was carried out to merge both scenes together in order to form a 

single continuous image. The boundary shape file (.shp) of the study area 
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(Composite bands) was used for clipping or sub-setting of the needed bands on 

ArcGIS 5.0 software environment in order to concentrate only on the study area. 

The maximum likelihood classifier, which is a method of supervised 

classification was used for classifying the image vegetation classes such as; Non 

vegetation (Bare land, and built environment), low vegetation (Grassland), 

moderate vegetation (Shrub), and high vegetation (Forest). The image was 

classified by creating training samples of the various land cover types present 

in the study area, using the training sample manager tool on ArcGIS 5.0 

software environment. The training samples were then used to classify the 

image into different land cover types, using the “Maximum Likelihood” method 

of supervised classification (Rwanga and Ndambuki, 2017). The selected bands 

were then used for the calculation of vegetation Index and air temperatures 

(TAIR). 
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Sequel to the modelling of the air Temperature (TAIR) for each study year, their 

maps were produced (Figures 2 to 5) and thereafter analyzed. 

In the year 1990, Air Temperature (TAIR) in the Savannah region of Ondo State 

ranged between 18.38°C and 29.94°C (Figure 2). Areas with high TAIR were 

concentrated majorly in Akoko North-East, and Akoko South West. It was 

deduced that areas with non-vegetation (bare land) were the areas with high air 

temperature (TAIR values), and areas with intermediate TAIR values were majorly 

areas covered by built environment. Areas with low TAIR values were located 

majorly in Ose, Owo and also in the Eastern part of Akoko North-East and 

major parts of Akoko South-West 

(Figure 2) 

 
Figure 2: Air Temperature (TAIR) distribution in the Savannah region of Ondo 

State for the year 1990 
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In the year 2000, the values of TAIR ranged between 21.96°C and 31.58°C 

(Figure 3), which were higher than the LST values of 1990. Areas with high 

TAIR values spread across the North ern region of the study area, which include 

Akoko North-West, 

Akoko North-East, Akoko South-East, and Akoko South- West. The 

Eastern part of Owo and the central part of Ose also experienced high LST 

values (Figure 3). It was deduced that the rise of high TAIR values in the year 

2000 was because of the increase in bare land across the Savannah region of 

Ondo State. Area with low TAIR values were areas covered by vegetation 

(Forest, shrub and grassland), which were detected in the Southern part of Ose, 

Western areas of Owo and the Eastern part of Akoko North-East. 

 
Figure 3: Air Temperature (TAIR) distribution in the Savannah region of Ondo 

State for the year 2000 
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In the year 2014, the TAIR value ranged between 18.85 °C and 32.13°C (Figure 

4). High values of TAIR was concentrated in the North ern part of the Savannah 

region which consists Akoko North West, Akoko North-East, Akoko South-

East, and Akoko South-West. The Eastern part of Owo and the central part of 

Ose. The spread of High and intermediate TAIR values within the region was due 

to the increase in built environment in the region and also the effect of bare land 

and the diminishing of forest cover, which is an integral part of vegetation.The 

TAIR value for the year 2020 ranged between 22.79°C and 31.36°C (Figure 5). 

Year 2020 had a similar TAIR value distribution as 2014 as high TAIR value 

spread across the Savannah region of Ondo State due to increase in built 

environment in the region. 

 
Figure 4: Air Temperature (TAIR) distribution in the Savannah region of Ondo 

State for the year 2014 
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In the year 2000, the values of TAIR ranged between 21.96°C and 31.58°C 

(Figure 5), which were higher than the LST values of 1990. Areas with high 

TAIR values spread across the Northern region of the study area, which include 

Akoko Northwest, Akoko Northeast, Akoko Southeast, and Akoko Southwest. 

The eastern part of Owo and the central part of Ose also experienced high LST 

values (Figure 4.19). It was deduced that the rise of high TAIR values in the year 

2000 was because of the increase in bare land across the Savannah region of 

Ondo State. Area with low TAIR values were areas covered by vegetation 

(Forest, shrub and grassland), which were detected in the southern part of Ose, 

western areas of Owo and the eastern part of Akoko 

Northeast. 

 
Figure 5: Air Temperature (TAIR) distribution in the Savannah region of Ondo 

State for the year 2020 



57  africanscholarpublications@gmail.com                                                                               

 2022 

 

Trend of the Air Temperature 

The minimum, mean and the maximum values of TAIR of the Savannah region 

were also calculated in line with Huang et al., (2015), in order to view the trend 

of the TAIR values over the years (Table 1). 

Table 1: Minimum, Mean and Maximum Values of Air Temperature 

 
The analysis of the trend in the study years from Table 1 is as follows: 

In the year 1990, the minimum TAIR TAIR value in the Savannah Region was 

18.38°C and increased to 21.96°C in the year 2000. It decreased to 18.85°C in 

the year 2014 but increased to 22.79°C in the year 2020 (Table 1). The mean 

TAIR value in the year 1990 was 20.16°C and increased to 24.23°C in the year 

2000. It further increased to 24.96°C in the year 2014 and finally increased 

27.77°C in the year 2020. The maximum TAIR value in the year 1990 was 

29.94°C and increased to 31.58°C in the year 2000. In the year 2014, It 

increased to 32.13°C but decreased 31.36°C in the year 2020. 

The effect of vegetation changes on TAIR was also assessed by comparing the 

changes in the spatial extent of vegetation and values of TAIR from tears 1990 to 

2020. From the results obtained on the changes in vegetation cover (Forest, 

grass land and shrub) it was deduced that the total coverage of vegetation 

(Forest, grass land and shrub) was 3242.57Sq.km in the year 1990, but 

decreased to 3076.94 Sq. km in the year 2000, and further decreased to 3017.42 

Sq.km in the year 2014, but increased to 3025.03 Sq.km in the year 2020. 

A look into the changes in vegetation with TAIR values in the Savannah region 

of Ondo State (Table 2) revealed that the extent of vegetation decreased between 

year 1990 and year 2000, while the minimum, mean and maximum values of 

TAIR increased between these years. 

The value of vegetation decreased between the years 2000 and 2014 but the 

minimum TAIR decreased while the mean and maximum value of TAIR between 

these years also increased. The value of vegetation between the years 2014 and 

2020 increased, but the minimum and mean value of TAIR also increase, while 

the maximum value of TAIR decreased. 

 



58  africanscholarpublications@gmail.com                                                                               

 2022 

 

Table 2: Comparison of the changes in vegetation and TAIR value 

 
This simplified that increase or decrease in vegetation is not also the only 

determinant factor for the increase or decrease in the hotness of air temperature 

(TAIR). 

 

A look into the year 2030 

The minimum, mean and maximum TAIR values in the Savannah region of Ondo 

State for the year 2030 was calculated from the results obtained from TAIR values 

of 1990 to 2020, as shown in Table 3 and Figure 6 

 Table 3: Probable Tair Values In The Year 2030  

 Year  

TAIR °C 1990 2000 2014 2020 2030 

Min 18.38 21.96 18.85 22.79 22.81 

Mean 20.16 24.23 24.96 27.77 29.52 

Max 29.94 31.58 32.13 31.36 32.45 

 

Table 3 and Figure 6 showed that minimum, mean and maximum air 

temperature (TAIR) will increase to 22.81°C, 29.52°C, and 32.45°C in the year 

2030 compared to year 2020. it is observed that the vegetation cover will decline 

to 70.8% coverage, while TAIR values will increase, thus implying that the 

gradual decline in vegetation might also expose the Savannah region of Ondo 

State to hotter air surface in the year 2030.(Evarts, 2017). 

According to fondriest environmental (2020) and Liu et al., (2016), air 

temperature which is a measure of how hotness or coldness of the air, is the 

most commonly measured weather parameter. It’s importance includes 

affecting the growth and reproduction of plants and animals, as warmer 

temperatures promotes biological growth; affecting nearly all other weather 

parameters like the rate of evaporation, relative humidity, wind speed and 

direction, precipitation patterns and types, such as whether it will rain, snow, 

or sleet. 
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Figure 6: Forecast for TAIR value of the Savannah region of Ondo State in the 

year 2030 

 

Conclusion 

The research has revealed effects of vegetation change on air temperature in the 

Savannah region of Ondo State Nigeria between year 1990 and 2020. A 

decrease in the extent of vegetation between year 1990, 2000 and 2014 met a 

corresponding increase in the minimum, mean and maximum values of TAIR 

respectively, while an increase in vegetation between the years 2014 and 2020 

led to an increase in the minimum and mean value of TAIR but a decrease in the 

maximum value of TAIR. The results showed that vegetation change is a 

prominent factor but not the only determinant factor for the changes in air 

temperature (TAIR) in the study area. The results of future prediction of TAIR 

show that minimum, mean and maximum air temperature (TAIR) will increase 

to 22.81°C, 29.52°C, and 32.45°C in the year 2030 compared to year 2020 

hence TAIR values will increase; and that vegetation cover will decline to 70.8% 

coverage thus concluding that the gradual decline in vegetation might also as 

observed by Abdullahi (2013) expose the Savannah region of Ondo State to 

hotter land and air surface in the year 2030. 
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Recommendation 

The research shows that a proactive decision and policy such as reafforestation 

and green revolution is highly needed from various various stake holders in the 

study area if a viable sustainable development will be guaranteed. The air 

temperature influences a lot in the ecology. It is a strong factor in global 

warming and urban heat. It controls the hydrology and evepo-transpiration. If 

not properly handled it become a menace to human survival. Therefore among 

other factors affecting air temperature, the control, preservation and 

conservation of the vegetation is germane. The vegetation being lost to 

development and urbanisation must restored if the air temperature is to be 

maintained and sustained. 
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