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Abstract 

Urbanization, without any iota of doubt, is one of the leading factors modifying the Earth’s 
surface because it has a significant impact on land cover changes and Land Surface 

Temperature (LST). This study assessed the impact of urbanization on land cover changes and 
LST in Iseyin Local Government Area. Landsat images of 22 years duration (2000, 2013, and 

2022) and 30 m resolution were used in the study. The result showed that in 2000, vegetation 

occupied 58538 ha (43%), the built-up areas covered 2535 ha (2%), farmland covered 61248 
ha (45%), rocky/hilly areas accounted for 3226 ha (2.4%), water bodies accounted for 431.17 

ha (0.3%) while bare land covered 8642 equivalent to 6.42% of the area. In 2013, the built-up 
area occupied 3.4% (4577 ha), water body covered 0.21% (281 ha), vegetation covered 35% 

(48136 ha), farmland covered 48% (64352 ha), bare land covered 11% (15944 ha) while 

rocky/hilly area covered 1.02% (1376 ha). In 2022, built-up areas covered 6393 ha (4.8%), 
water bodies, vegetation and farmland covered 515 ha, 33819 ha, and 75999 ha respectively 

while bare land and rocky/hilly areas also covered 14346 ha and 3594 ha respectively. The 
LST result showed a mean temperature value of about 32oC, 27oC and 29oC in 2000, 2013, and 

2022 respectively. The study concludes that urbanization has largely affected the land cover 

types in Iseyin LGA and increased the LST between 2000 and 2022. The study has therefore 
provided a scientific reference to policymakers to develop effective and sustainable policies in 

Iseyin LGA.  
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1. Introduction 

According to the United Nations (2018), about 68% of the human population will be living 

in urban areas by 2050 due to urbanization. This will affect the land cover and land surface 

temperature. The need to develop infrastructures that will curb the giant needs of the populace 
leads to rapid changes in vegetation, water and soils will be replaced with artificial structures 

such as buildings, roads, and other erections (Fortuniak, 2009; Gill et al., 2007).  
 

Through urbanization, natural land covers such as vegetation will be converted to artificial 

land use types such as residential, recreational, industrial and transportation land uses. These 
man-made land use types make urban landscapes patchy and complex which will in turn affect 

the habitability of towns (Alberti and Marzluff, 2004). The surface temperatures were said to 
have been increasing globally as a consequence of anthropogenic factors (Imhoff et al., 2010; 

Partha et al., 2019).  

 
Several studies have shown the vital role played by vegetation in the reduction of the impact 

of urban heating in urban areas (Amusa et al., 2022; Chen et al., 2013; Zhibin et al., 2015). One 
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of the effects of urbanization on the environment is what is known as Urban Heat Island (UHI). 
According to Voogt and Oke (2003), UHI refers to the difference in surface temperature 

between rural and urban environments such that the urban environment is warmer. This 
phenomenon occurs because of the structures that absorb and re-emit the sun’s heat. With the 

rising impact of UHI on human health, it is important to assess the effect of urbanization on 

Land Surface Temperature (Burkart et al., 2011; Igun and Williams, 2018). 
 

Like other developing climes, there has been rapid urbanization in Iseyin Local 
Government Area recently. In 2005, the estimated population according to the United Nations 

was approximately 236,000 (Oyewole, 2021). Although there is no recent census in Nigeria to 

support the recent population in Iseyin LGA, visual observation and satellite images have 
shown that the population has increased beyond what it used to be. It is believed that 

urbanization impacts land cover changes and land surface temperature. This work, therefore, 
studied the impact of urbanization on land cover changes and land surface temperature in Iseyin 

LGA between 2000 and 2022.  

 
2. Materials and Methods 

2.1 Study area 
The study was carried out in Iseyin LGA of Oyo State, Nigeria (Figure 1). Iseyin is one of 

the LGAs that constitutes what is known as Oke-Ogun region of Oyo State (Adeyemo, 2016). 

It is geographically situated on latitudes 3o1'0" E and 7o50'0" N and longitudes 3o1'0" and 
3o40'0" N and covers an area of about 134, 668 ha. It is bounded in the North by Itesiwaju 

LGA, in the south by Ibarapa East LGA, in the west by Kajola LGA, and in the east by Oyo 
West and Afijio LGAs (Ikemenanwa et al., 2020). It has an average annual rainfall of about 

1149 mm, a mean relative humidity of about 72% annually, and an annual mean temperature 

of 24.4 °C (Obi-Egbedi et al., 2022).  
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Figure 1: Map of Iseyin Local Government Area (inset map of Nigeria and map of Oyo State) 
 

2.2 Data acquisition 
Landsat images were downloaded from the United State Geological Survey (USGS) 

website using the part and row values (191/055) covering Iseyin LGA. Images with less than 

10% cloud cover were downloaded for this study. The characteristics of the images are 
presented in Table 1. All downloaded images fall into approximately the same season.  

 
Table 1:  Landsat imagery dataset details 

Year Sensor               Scene ID Path / Row Resolution 

2000        ETM LE71910552000037EDC00 191 / 055 30m 

2013 OLI / TIRS LC81910552013352LGN01 191 / 055 30m 

2022 OLI / TIRS LC81910552022025LGN00 191 / 055 30m 

 

2.3 Image analysis 
Image importing 

Based on the nature of the software used for this research, there is a need for the downloaded 

images to be converted into a well-recognized format for easy processing, and the importing 
features of the software helped in executing the conversion process. 
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Image layer stacking 
Image layer stacking is a pre-process operation to put together all the imported Landsat bands 

converted from TIFF to IMG format. This layer stacking process helps proper band 
combination for colour visualization before classification. All eleven (11) bands were stacked 

together for Landsat 8 and nine (9) bands for Landsat 7. 

 

Image classification 

Image classification is sorting different pixels into a finite number of individual classes or 
categories of data based on the data fields. This was achieved using colour differencing. The 

supervised image classification scheme was employed for this research work.  

 
2.4 Trend analysis 

The land cover changes in the study area were calculated using equation (1). 

Land Cover Changes = (L2 −  L1)                                                                                                   (1) 

 
2.5 Rate of change 

Rt = {(L2 - L1) × 
1

𝐿1∗𝑡 
} × 100                                                                                                              (2) 

Where: Rt = rate of change, L1 (ha) = present year, L2 (ha) = base year and t (year) = periodic 

interval 
 

2.6 Accuracy assessment 

This process involves ground-truthing which helped in locating the actual features physically 
and collecting coordinate points reading for each of the desired classification classes and then 

comparing the collected coordinates to the classified image for accuracy.  
 

Sensitivity (Producer’s accuracy) =
𝑎

𝑎+𝑐
                                                                                            (3) 

 

Positive predictive power (User’s accuracy) = 
𝑎

𝑎+𝑏
                                                                         (4) 

 

Overall accuracy =  
Total Number of Correct Samples 

Total Number of Samples
× 100                                                               (5) 

 

Kappa coefficient (K) =
𝑁 ∑ 𝑥𝑖𝑖−∑ (𝑥𝑖+𝑋𝑋𝐼+1

𝑟
𝑖=1

𝑟
𝑖=1 )

𝑁2−∑ (𝑥𝑖+𝑋𝑋𝐼+1
𝑟
𝑖=1 )

                                                                              (6) 

 
Where: a = number of times a classification agreed with the observed value; b = number of 

times a point was classified as “a” when it was observed to not be “a”; c = number of times a 

point was not classified as “a” when it was observed to be “a”; d = number of times a point 
was not classified as “a” when it was not observed to be “a”; r = number of rows and columns 

in the confusion matrix; N = total number of ground-truthed points (pixels); Xii = observation 
in row i and column i; Xi = marginal total of row i, and Xi+1 = marginal total of column i. 

 

2.7 Normalized Difference Vegetation Index (NDVI) 
 

𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅 − 𝑅𝐸𝐷

𝑁𝐼𝑅 + 𝑅𝐸𝐷
                                                                                                                           (7) 

Where: NIR = Near Infrared and RED = Red band 
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2.8 Top of Atmospheric (TOA) Spectral Radiance 
 

𝑇𝑂𝐴 (𝐿) =  𝑀𝐿 ∗  𝑄𝑐𝑎𝑙 +  𝐴𝐿                                                                                                           (8) 

Where: ML = Band-specific multiplicative rescaling factor; Qcal = corresponds to band 10 and 

AL = Band-specific additive rescaling factor (Isa et al., 2016) 
 

2.9 Top of Atmospheric to Brightness Temperature Conversion 
 

𝐵𝑇 =  (
𝐾2 

1
(𝑙𝑛 (

𝐾1 

1
𝐿) +  1)) −  273.15                                                                                      (9) 

Where: K1 = Band-specific thermal conversion and K2 = Band-specific thermal conversion 
constant (Srivastava et al., 2022) 

 
2.10 Land Surface Emissivity (LSE) 

 

E = 0.004 ×   𝑃𝑉 + 0.986                                                                                                                      (10) 

Where: E = Land Surface Emissivity and 0.986 correspond to a correction value of the 
equation (Isa et al., 2016). 

 

2.11 Proportion of vegetation 
 

PV = (
𝑁𝐷𝑉𝐼−𝑁𝐷𝑉𝐼 𝑚𝑖𝑛

𝑁𝐷𝑉𝐼 max − 𝑁𝐷𝑉𝐼 𝑚𝑖𝑛
)

2

                                                                                                                  (11)  

Where: PV = Proportion of Vegetation, NDVI = DN values from NDVI image, NDVImin = 

Minimum DN values from NDVI image, and NDVImax = Maximum DN values from NDVI 
image (Srivastava et al., 2022). 

 

2.12 Land Surface Temperature (LST) 
 

LST = 
𝐵𝑇

1 + (λ × BT / C2) × ln (E)
                                                                                                                   (12) 

Where: BT = Top of Atmosphere Brightness Temperature (oC), λ = Wavelength of emitted 

radiance, E = Land Surface Emissivity, C2 = h × c / s (1.4388 × 10-2 mK) = 14388mK, h = 

Plank’s Constant (1.38 × 10-2Js), s = Boltzmann Constant (1.38 × 10-23JK) and c = Velocity 

of light (2.998 ×108 m/s) (Isa et al., 2016). 

 

2.13 Land use/ land cover classes  
The distinct land use/ land cover types in the study area are presented in Table 2 

Table 2: Land use/land cover types in the study area 

Land Use Land Cover Description 

Built-up This indicates areas covered with houses and other buildings that 

increase over time 
Vegetation These are areas covered with trees, shrubs, and closed-canopy 

forests.  It also includes plantation of trees and cash crops 
Farm/Agric Land Areas where food or cash crops are grown for agricultural purposes.  

Rocky/Hilly Area These areas have high relief occupying features such as rocks and 
hills or sand domes 

Water The water bodies are the areas occupied by river and stream flow 
Bare Land Areas with open land with no use 
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3. Results 

3.1 Spatial extent of land cover between 2000 and 2022 

The result of the spatial extent of the different land use types in Iseyin Local Government 
Area is presented in Table 3. In 2000, vegetation occupied about 58538 ha (43.50%), the built-

up area covered approximately 2535 ha (1.88%), farmland covered 61248 ha (45.48%), 

rocky/hilly area accounted for 3226 ha (2.40%), water bodies accounted for about 431 ha 
(0.32%) while bare land covered about 8642 (6.42% of the area). In 2013, the built-up area 

covered 3.40% (4577 ha), water body covered 0.21% (281 ha), vegetation covered 35.74% 
(48136 ha), farmland covered 47.79% (64352 ha), bare land covered 11.84% (15944 ha) while 

rocky/hilly area covered 1.02% (1376 ha). In 2022, built-up areas covered 6393 ha (4.75%), 

water bodies, vegetation and farmland covered 515 ha, 33819 ha, and 75999 ha respectively, 
Bare land and rocky/hilly areas also covered 14346.0 ha and 3594 ha in the same year (Table 

3). The land cover changes map is shown in Figure 2. 
 

Table 3: Spatial extent of land use types in Iseyin Local Government Area 

 
LULC 

2000 
Area (ha) 

 
Area 

(%) 

2013 
Area (ha) 

 
Area (%) 

2022 
Area (ha) 

 
Area 

(%) 

Built-up 2535.84 1.88 4577.42 3.40 6393.53 4.75 

Water 431.17 0.32 281.72 0.21 515.28 0.38 

Vegetation 58583.60 43.50 48136.10 35.74 33819.90 25.11 

Farm/Agric 

Land 

61248.60 45.48 64352.30 47.79 75999.30 56.43 

Bare Land 8642.43 6.42 15944.50 11.84 14346.00 10.65 

Rocky/Hilly 
Land 

3226.79 2.40 1376.39 1.02 3594.40 2.67 

Total 134668.43 100.00 134668.43 100.00 134668.41 100.00 

 
3.2 Accuracy assessment result 

The overall accuracy of the classification for 2000, 2013, and 2022 was 91.80%, 94.53%, 
and 91.02%, respectively. The Kappa statistics for 2000, 2013, and 2022 were 0.87, 0.92, and 

0.87, respectively. The producer’s accuracy ranged between 42.86% and 72.00% in 2000, 

33.33% and 100.00% in 2013, and 78.05% and 91.67% in 2022. The user’s accuracy in 2000 
ranged between 75.32% and 88.14%, 88.45% and 100.00% in 2013, and 78.05% and 91.67% 

in 2022 (Table 4).  
 

Table 4: Accuracy assessment for the different land use types in Iseyin LGA 

            2000        2013           2022 

LULC PA (%) UA (%) PA (%) UA (%) PA (%) UA (%) 

Built-up Area 72.00 75.32 100 100 73.33 91.67 

Vegetation 89.66 88.14 88.00 88.45 87.84 84.42 

Farm/Bare 

Land 

91.94 81.43 94.81 90.12 82.05 78.05 
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Water bodies 30.80 80.35 33.33 100 - - 

Rocky/Hilly 
Land 

42.86 78.50 83.33 100 81.82 90.00 

Overall 
Accuracy 

91.80% 94.53%  91.02%  

Kappa 

Statistics 

0.87 0.92  0.87  

PA – Producer’s Accuracy; UA – User’s Accuracy 

 

 
Figure 2: Land Use Cover Map in Iseyin LGA in 2000, 2013 and 2022 

 

3.2 Land surface temperature 
Figure 3 presents the land surface temperature (LST) for Iseyin LGA in 2000, 2013, and 

2022. In 2000, the minimum LST was 25.53 oC, the maximum was 48.93 oC and the mean was 
31.74 oC. The LST result for 2013 showed that there was a decrease in temperature. The 

maximum, minimum, and mean temperatures were 37.13 oC, 22.05 oC, and 27.55 oC 

respectively. In 2022, the minimum, maximum, and mean temperatures were 24.08 oC, 54.21 
oC, and 29.48 oC respectively. The LST map is shown in Figure 4.  
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Figure 3: Land Surface Temperature in Iseyin LGA in 2000, 2013 and 2022 

 

 
Figure 4: LST map for Iseyin LGA in 2000, 2013 and 2022 

 

4. Discussion 

The study revealed the effect of urbanization on land cover changes and land surface 

temperature in the study area. Our result showed that built-up increased from 2535.84 ha 
(1.88%) in 2000 to 6393.53 ha (4.75%) in 2022. It also showed that vegetation decreased from 

58583.60 ha (43.50%) in 2000 to 33819.90 ha (25.11%) in 2022. On the other hand, farmland 
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increased from 45.48% to 56.43% in 2022. The rapid urban development in Iseyin LGA 
resulted in the expansion of buildings and the reduction in vegetation. It was necessary to 

increase the residential building and road networks to cater for the rapid increase in population. 
Farmland also increased in size probably to meet the food demand of the increasing population. 

This result agrees with Mbaya et al. (2019) in Gombe metropolis, Hussain et al. (2020) in the 

district of Multan, and Hussain et al. (2022) in Southern Punjab, Pakistan.  
 

Although no census was conducted in Nigeria from 2007 till 2022, however, the population 
of Iseyin in 2000 was approximately 220,000 while the population in 2022 was over 450,000 

based on the projection of the Nigerian Population Commission (NPC, 2011). The population 

increase further corroborates the findings of the study. When the population increases in a 
community, the construction of houses, roads, and other infrastructure increases which will in 

turn engender the removal of vegetation and extraction of freshwater from the environment 
(Koko et al., 2021).  

 

One of the consequences of urban expansion is the increase in land surface temperature. 
The maximum temperature recorded in 2000 was 48.93 oC. It however increased to 54.21 oC 

in 2022. Urbanization often increases temperature because the materials used in construction 
absorb heat compared to the natural environment. Le et al. (2021) observed higher LST values 

in the rapidly urbanized Ho Chi Minh City in Vietnam. They noted that LST usually increases 

when natural environments such as vegetation and water bodies are replaced with non-
transpiring surfaces such as metals, stones, and concrete. Fonseka et al. (2019) also observed 

an increase in LST in Colombo Metropolitan Area, Sri Lanka.  
 

Another major effect of urbanization is Urban Heat Island (UHI). It has been noted that 

UHI is caused by the removal of natural vegetation and the increase in infrastructures that trap 
solar energy during the day and release it in form of heat at night (Quattrochi et al., 2000). 

Amusa et al. (2022) studied the effect of tree canopy cover on an urban heat island in Ilorin 
metropolis and concluded that trees are useful in reducing the ambient temperature. Vegetation 

that should rather help absorb surface temperature decreased by 18.39% between 2000 and 

2022 in the study area while built-up areas increased by 2.87%.  
 

5. Conclusion 

In this study, the impact of urbanization on land cover changes and LST was assessed in 

Iseyin LGA, Oyo State, Nigeria. The study showed that urbanization has modified the land 

cover types and increased the LST in the study area. Built-up areas and farmlands increased by 
2.87% and 10.85% respectively while vegetation was reduced by 18.39% between 2000 and 

2022. The study also recorded up to a 5.28 ℃ difference in the maximum temperature recorded 

between 2000 and 2022. Although urbanization is important because of the growing world 
population. However, the land surface temperature can be managed by incorporating certain 

features in the urban centers. It is recommended that policymakers should focus on planting 

trees in every urban centre to help absorb heat and reduce the ambient temperature.  
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